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ABSTRACT
Nowadays, society accepts the direct relationship between foods and health. In this sense, fruits and
vegetables are the major components in balanced diets, particularly for their implications in the
prevention of certain conditions and types of cancer and chronic diseases. Broccoli (Brassica oleracea
L. var. italica) is a cruciferous food very rich in glucosinolates (GLS) and their bioactive hydrolysis
products, the isothiocyanates (ITC), which may exert beneficial biological activities against different
conditions through protection against inflammation and oxidative stress in the cells, slowing or
preventing a number of cancers and other diseases, such as cardiovascular or neurodegenerative.
Broccoli inflorescences and sprouts are the main dietary sources of glucoraphanin (GR), precursor
glucosinolate of sulphoraphane (SFN), widely studied in different pathological conditions. Besides,
U.S. Food and Drugs Administration (FDA) recently approved glucoraphanin as GRAS (generally
accepted as safe) for use in foods and functional ingredients boosting the interest and potential of
Brassica foods for health worldwide. Current research includes multidisciplinary work integrating the
food chain: Evaluation of the pre- and post-harvest factors affecting the phytochemical composition of
foods; Agro-waste recovery by elaboration of new ingredients for culinary applications and food
industry; Enriching foods in bioactive phytochemicals using sustainable practices; Evaluating the in
vivo bioavailability and metabolism of GLS/ITC; Incorporation of new foods in clinical interventions for
adult health. This holistic approach from plant to food and health, will allow us to generate knowledge
for the challenges of the society, and is necessary to let consumers know that Brassica vegetables
likely provide excellent health effects.
Keywords: Brassicaceae, glucoraphanin, functional food, inflammation, health

INTRODUCTION
Nowadays it is well accepted in society a positive and direct relationship between food and
health. In this sense, fruits and vegetables are a very important part of a balanced diet,
particularly for their role in the prevention of certain diseases and types of cancer. People’s
diet offer a greater and more diverse group of plant bioactives than do drugs, and they often
do not realise that many drugs are derived from the compounds originally discovered in plant
foods. Numerous epidemiological studies indicate that Brassica vegetables in general, and
broccoli in particular, protect humans against cancer since they are rich sources of
glucosinolates as well as possessing a high content of flavonoids, vitamins and mineral
nutrients. Some criteria have been proposed to evaluate the possibilities of developing new
“functional foods” to reduce the risk of specific cancers; largely in broccoli, which is
associated with cancer protection. Processing conditions, domestic cooking, etc., affect the
health-promoting properties of broccoli and these have been widely studied (Moreno et al.,
2006). Therefore, it is important to ascertain the relevance of broccoli and cruciferous foods
for human health, through different levels of research and development and innovative
applications, from the knowledge of phytochemicals and health-promoting compounds in
broccoli and their analysis, the influence of agricultural, processing and technological
parameters on the composition and quality of the food and to scientifically validate its
1
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functionality through bioavailability, metabolism and bioactivity from in vitro to the clinical
interventions and studies.

BROCCOLI: A WELLNESS FOOD RICH IN HEALTH-PROMOTING BIOACTIVES
Broccoli (Brassica oleracea L. [Italica Group]) belongs to Brassicaceae plant family including
a larg variety of species and cultivars, some of the most known are B. oleracea (i.e.
cabbages, Brussels sprouts, broccoli), B. rapa (turnips), B. napus (radishes), Sinapis spp.
(mustards), etc. In the recent years, these crops are increasingly consumed for organoleptic
characteristics and possible health benefits as a good source of bioactive compounds.

Figure 1. Nutrients and phytochemicals in crucifers (broccoli) and associated health benefits

The sulphur-nitrogen containing compounds glucosinolates (GLS) are almost exclusively
found in this family, being their beneficial health effect supposed to be induced by their
hydrolysis (bioactive) products, the isothiocyanates (ITC). The phenolic compounds mainly
studied are flavonols, anthocyanins and hydroxycinnamic acids, which principal bioactivity is
their antioxidant capacity. The carotenoids, as well as vitamins (C, E, K) have also been
considered as nutrients with biological activity. GLS have no known bioactivity themselves,
but are hydrolysed to release ITC, highly reactive compounds that can activate the
mammalian cellular transcription factor Nuclear factor (erythroid-derived 2)-like 2 (Nrf2) and
by so doing, improve host defense. The increasing detoxification enzymes to eliminate
chemical carcinogens and additional mechanisms, many of them triggered by the activation
of the transcription factor Nrf2, have been uncovered. The phytochemical wealth of Brassica
foods is gathering attention from the scientific community for being potentially protective for
the cardiovascular system and against certain types of cancer and neurological disorders,
mainly because of their anti-inflammatory and antioxidant properties (Baenas et al. 2016).
Therefore, there is a role for optimizing the content of GLS and the myrosinase-dependent
action to form bioactive ITC from the GLS to increase the efficacy of Brassica foods for
health and wellbeing, acting in the different steps of the food chain from the seeds to the
plant and food for human health (Jeffery, 2014; Moreno et al., 2006).
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BROCCOLI AGRI-FOOD CHAIN RESEARCH
Different factors could affect the bioactive compounds and phytonutrients of broccoli and
could be classified into pre- and post-harvest aspects. The first group implies agronomic and
environmental conditions or genetic and ontogenetic factors. Broccoli varieties for different
production cycles (‘Naxos’, ‘Parthenon’, etc.) performed best in the areas of production under
adverse conditions as found in Mediterranean SE Spain, where they overcome the semiarid
climate with saline irrigation to maintain the all-year around exports (Dominguez-Perles et al.
2011). The application of elicitors during head formation could be beneficial for the
enrichment in phytochemicals in broccoli, enhancing its nutritional value without using
genetic approaches (Moreno et al., 2008). The available evidences indicate that both genetic
background and crop management strategies are involved in the postharvest quality,
bioactivity and bioavailability of the bioactive compounds in broccoli and cruciferous foods.
Broccoli is mainly consumed cooked, and domestic handling and processing, including
cooking processes, have been shown to considerably affect its health-promoting compounds
(López-Berenguer et al. 2007), with great losses of vitamin C and significant losses of
phenolic compounds and glucosinolates, depending on the cooking procedure, the presence
of water and the time of cooking. Thus, genotype, fertilization, irrigation water, as well as age
and harvesting time are the most important pre-harvesting factors, which may affect the
bioactive composition of broccoli. The post-harvest factors such as storage, transport, and
domestic cooking have been widely studied in our research group with the focus on the wide
bioactive content of broccoli and how the pre- and post-harvest factors affect these healthpromoting phytochemicals (Baenas et al. 2016; Moreno et al., 2006, 2007).

INNOVATION WITH INGREDIENTS FROM BY-PRODUCTS
The broccoli trade represents a major socio-economic activity in Murcia (SE Spain), and
many by-products of the agri-food industry may be useful as source of nutrients and
potentially functional ingredients, giving the opportunity to obtain added value products.
Previous studies have been focused on edible florets, but we were interested also in adding
value to broccoli by-products that represent a real problem in the production sites because of
no intended use for this material has been envisaged. The broccoli-derived by-products are a
good source of bioactive ingredients for food industry and reduction of environmental
problems (Dominguez-Perles et al., 2010). Broccoli ingredient added to green tea resulted in
a combination of phytochemicals with anti-tumoral activity (Dominguez-Perles et al. 2012),
with potential for further developments in mechanistic models and the design of new
functional foods and beverages.

HEALTH BENEFITS OF BROCCOLI CONSUMPTION
To prevent and treat obesity is a world priority. Obesity is defined as the abnormal or
excesive accumulation of fat which can negatively affect health and involves imbalaces in the
glucose metabolism, high blood pressure, dyslipidaemia, and is characterised by a chronic
proinflammatory state. The studies in human adults showed that the inflammation markers,
interleukin-6 (IL-6) and C-reactive protein (PCRe), and the tumour necrosis factor-alpha
(TNF-α) are elevated when there is a high visceral fat. Nowadays, more than 55% of the
adult Spanish population is obese and almost 60% of the population of the EU-27, is
overweight or obese. It is urgent and necessary to develop safe and effective strategies for
the treatment of this pathology. The use of foods rich in bioactive and bioavailable
compounds to act in the adipose tissue (adiposity, inflammation), may represent an useful
tool for nutritional and clinical interventions to control and treat this chronic condition
(AGL2013-46247-P Project).
3
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Broccoli (Brassica oleracea L. var. Italica), from the cruciferous family (Brassicaceae), is rich
in glucosinolates , bioactive compounds, and their hydrolysis products, the isothiocyanates,
may exert a beneficial activity against different health conditions. The broccoli sprouts
(Brassica oleracea var. italica) are germinated seeds of only a few days of age, rich in
bioactive phytochemicals (vitamins, minerals, polyphenolic natural antioxidants and
glucosinolates), with concentration levels up to 10 times those found in adult broccoli (PérezBalibrea et al., 2008). The broccoli sprouts are rich in glucoraphanin, glucosinolate precursor
of the isothiocyanate sulforaphane (SFN), widely studied because of its health-promoting
characteristics. The beneficial effects of the consumption of broccoli are linked to the ITC
formed by the hydrolitic action of the plant myrosinase during mastication and the
glucosidases present in the gastrointestinal tract (Jeffery, 2014; Moreno et al. 2006).
However, there are no studies showing the beneficial effect of the GLS/ITC on obese
population with associated chronic inflammation. The results of this research project will give
us the possibility of incorporate the broccoli sprouts as a healthy food in the control and
treatment of obesity and for the general population wellbeing.

CONCLUDING REMARKS
The increasing awareness among scientist, food manufacturers as well as consumers of the
beneficial effects of the phytochemicals present within Brassicaceae family (i.e. broccoli) has
led to different methods to improve the quality and production of these vegetables. These
investigations on increasing levels of Brassica phytochemicals may have a potential for
human intervention studies to investigate the effects of a specific compound on human
health. The recent works suggest that the potential for chemoprevention by dietary
intervention will needs the establishment of dietary recommendations including 3 to 5
servings of cruciferous foods per week, besides the current recommended 3-to-5 a day
portions of fruits and vegetables, based in scientific and epidemiological evidences of the
influence of bioactive compounds from broccoli and cruciferous-based foods on the different
stages of degenerative diseases and cancer.
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ABSTRACT
Although Cucurbita moschata Duch, also known as tropical pumpkin, is being adapted to a wide range
of climatic and soil conditions, it is a scientifically neglected species. Consumers appreciate its fruit
due to its sweet and mild taste, as well as high nutritive value. Knowledge of genetic relationships
among genotypes is essential for the effective utilization of germplasm, especially for poorly
characterized species such as C. moschata.
C. moschata collection in Institute of Field and Vegetable Crops, Novi Sad, consists of 38 accessions,
comprising commercial cultivars and hybrids collected over a long period from all over the world;
material resulting from Institute’s comprehensive breeding programs; as well as old cultivars and
locally adapted populations. In molecular diversity studies, initial characterization of 19 accessions has
been done with 5 SSRs, previously used for Cucurbita molecular diversity studies.
All tested SSRs were polymorphic. In total, 14 bands were amplified, with each primer having at least
two alleles. Cluster analysis showed great variability of genotypes within the collection. There was no
correlation between clustering and geographical origin of the tested genotypes. The obtained results,
in combination with phenotypic observations, will be used for establishment of a core collection of
genotypes to be used in breeding for improved fruit quality, thus enabling creation of commercial
varieties with improved nutritional properties.
Keywords: Cucurbita moschata, variability, SSR analysis

INTRODUCTION
Cucurbita moschata (Duchesne ex Lam.) Duchesne ex Poir. is a traditional vegetable crop
with broad nutritional and economic importance, which is grown for the seeds, immature and
mature fruit, processed products, traditional medicine, decoration, and livestock feed (Wu et
al., 2011). Although it is adapted to a wide range of climatic and soil conditions, it is a
scientifically neglected species.
Diversity in plant genetic resources provides an opportunity for plant breeders to develop
new and improved cultivars with desirable characteristics, which include both farmerspreferred traits such as yield potential and breeders preferred traits such as pest and disease
resistance (Govindaraj et al., 2015). That is why the knowledge of genetic relationships
among genotypes is essential for the effective utilization of germplasm, especially for poorly
characterized species, such as C. moschata (Gwanama et al., 2000). Most of the analyses of
genetic variability involving in C. moschata have focused on the establishment of
phylogenetic relationships with other Cucurbita species using genetic markers (Baranek et
al., 2000; Tsivelikas et al., 2009; dos Santos et al., 2012). Molecular diversity of C. moschata
germplasm was analyzed by RAPD markers (Youn and Chung, 1998; Gwanama et al.,
2000), as well as by PCR SSCP and chloroplast sequence data (Barboza et al., 2012) and
SRAP and AFLP markers (Ferriol, et al., 2003; Wu et al., 2011). Gong et al. (2008)
developed SSR-based genetic linkage map, while Wu et al. (2014) developed and validated
SSR markers for this species.
Collecting and determining the degree of variability within the different accessions is
necessary prior to their use in breeding programs. The aim of our study was to investigate
DNA polymorphism in accessions of C. moschata by using selected SSR primers.
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MATERIAL AND METHODS
Nineteen accessions of C. moschata originating from the Cucurbita spp. collection of Institute
of Field and Vegetable Crops (IFVCNS), Novi Sad, Serbia, were used in this study (Table 1).
Table 1. Accessions of C. moschata used in the study
Accession
Origin
Mo 1
Nepal
Mo 2
Tajikistan
Mo 3
USA
Mo 4
India
Mo 5
Mexico
Mo 7
Suriname
Mo 8
South Korea
Mo 11
Burkina Faso
Mo 12
Zambia
Mo 15
Egypt
Mo 19
Zimbabwe
Mo 22
Maldives
Mo 23
Bolivia
Mo 30
Serbia
Mo 33
France
Mo 34
Unknown
Mo 35
Unknown
Mo 38
Serbia
2/15
Unknown

DNA was extracted from leaves by the use modified CTAB protocol (Permingeat et al., 1998)
and DNA polymorphism was evaluated in reactions with five SSR primers,. PCR was
performed as described by Dimitrijević et al. (2010). Products of PCR amplification were run
on 2% agarose gels and visualized with the BIO-Print system (Vilber Lourmat, Marne-LaVallée, France).
Each fragment that was amplified was treated as binary unit character and scored “0” for
absence and “1” for presence. An unweighted pair group arithmetic mean method (UPGMA)
cluster analysis was performed, using the average linkage method.

RESULTS AND DISCUSSION
Five SSR primers produced 14 fragments which were all polymorphic, indicating a high
degree of diversity. The similar results were obtained by Wu et al. (2014) who randomly
designed 57 pairs of primers based on the SSRs developed in pumpkin and used them in 12
pumpkin varieties. The results of detection showed that, of the 57 pairs of SSR primers, 35
pairs for PCR were able to produce bands with polymorphism and 14 pairs of primers
produced bands without polymorphism in 12 varieties, and eight pairs of primers were able to
produce no or blurred bands. Wu et al. (2012), who analyzed C. moschata accessions with
AFLP primers, also found that nine pairs of EcoRI/MseI primers that were used in the study
produced 500 fragments, of which 75.57% were polymorphic. In contrast to them, Young and
Chung (1998) found only 16 polymorphic bands out of 86 bands produced by 11 RAPD
primers that were used for analysis of South Korean C. moschata accessions.
Cluster analysis, based on 14 polymorphic DNA fragments amplified by 5 primers, was used
to reveal relationships among 19 C. moschata accessions from IFVCNS collection. All the
accessions grouped in a single cluster, except for Mo3, Mo 11 and Mo 23 (Figure 1). The
greatest similarity was found between Mo 33 and Mo 34 and Mo 19 and Mo 22. Accession
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Mo 30, originating from Serbia was more similar to accession Mo 5, originating from Mexico,
than to Mo 38, another accession from Serbia. Furthermore, the accessions from the same
continents did not group together. This is in contrast to the results of other authors who found
close correspondence between genetic relatedness and geographical distribution of C.
moschata accessions (Hazra et al., 2007). Ferriol et al. (2004) who analyzed C. moschata
accessions from the Canary Islands, Spanish peninsula, as well as Central and South
America with SRAP and AFLP markers found that with both markers, the accessions
clustered according to geographical origin. The similar results were obtained by Young and
Chung (1998) with RAPD markers and Gwanama et al. (2000) with RAPD markers. Similar
to our results, Barboza et al. (2012) could not find a clear separation according to origin in C.
moschata accessions from Mesoamerica using the intergenic markers ITS1–ITS2, the
chloroplast intergenic region tRNL–F and sequencing. The authors suggested that the
differences between earlier works with other markers and their research may by the fact that
genetic material from Mesoamerica, which is considered to be the center of origin and
domestication of C. moschata, was used in the study. This indicates that variability within the
IFVCNS C. moschata collection is comparable to that found in different C. moschata centers
of diversity, and that the accessions within it could be directly used in applied breeding
programs.
M o8
M o2
M o1
M o7
M o15
M o35
M o33
M o34
M o4
2/ 15
M o30
M o38
M o5
M o12
M o22
M o19
M o23
M o3
M o11

Figure 1. Dendrogram showing relationship among different accessions of C. moschata based on SSR
markers using UPGMA algorithm and average distances

CONCLUSIONS
The knowledge of the relationships between genotypes is essential for the proper use of
germplasm, especially for species that are not well characterized (Gwanama et al., 2001).
SSR analysis revealed the great variability of tested C. moschata accessions from IFVCNS
collection. No correlation between clustering and geographical origin of the tested genotypes
was found. The obtained results, in combination with phenotypic observations, will be used
for establishment of a core collection of genotypes to be used in breeding for improved fruit
quality, as well as other agronomically important traits, thus enabling creation of commercial
varieties with improved nutritional properties.
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ABSTRACT
Hemp (Cannabis sativa L.) is considered one of the oldest crops known to man. It was used in the Old
World for thousands of years as an important source of food, fiber, and medicine. Although primarily
grown for hemp fiber used for production of durable plastics and specialty papers, fiber hemp plant
has been attracting growing interest worldwide as a valuable source of nutrients and nutraceuticals.
There is also a growing interest over the valorization of hemp secondary metabolites especially
cannabinoids, which are believed to be beneficial in a number of physiopathological processes. There
are 54 fiber hemp varieties registered in EU and 4 hemp varieties registered in Serbia.
The aim of this study was to evaluate medical cannabinoids and nutrients (oil and protein) contents of
all fiber hemp varieties registered in Serbia.
Total oil content in seeds of investigated varieties ranged from 21.09 to 32.09%. Fatty acid analysis
showed that hempseed oil is high in PUFA (polyunsaturated fatty acids) content and
polyunsaturated/saturated (P/S) ratio with linoleic (C18:2 ω-6) and linolenic (C18:3 ω-3) acids as the
major polyunsaturated fatty acids.
The cannabidiol (CBD) content in four analyzed varieties ranged from 1.00 to 1.27% and delta 9tetrahydrocannabinol (THC) content was approximately 3 times lower than the legal limit in EU.
The obtained results indicate that all analyzed hemp varieties are an excellent source of nutrition and
a valuable resource for the functional foods, nutraceutical and pharmaceutical industry.
Keywords: fiber hemp, hemp seed, oil, cannabinoids

INTRODUCTION
Hemp (Cannabis sativa L.) is considered one of the oldest crops known to man. It was used
as an important source of food, fiber and medicine for thousands of years in the Old World
(Zias et al., 1993).
Although primarily grown for hemp fiber used for production of durable plastics and specialty
papers, fiber hemp plant has been attracting growing interest worldwide for oil production. It
has been recognized as a new, underdeveloped industrial oilseed crop in the European
Union, in contrast to conventional oil crops such rapeseed and sunflower (Zanetti et al.,
2013).
Hemp seeds are traditionally used in food and folk medicinal preparations (Jones, 1995) or
employed as a feed for birds and fishes (Deferne and Pate, 1996). Recent characterization of
oil (Latif and Anwar, 2009) and protein isolates (Tang et al., 2006, 2009) from hemp seeds
have highlighted that not only the fiber, but also the seeds hold very interesting commercial
potential in food (Callaway, 2004; Matthäus and Brühl, 2008), feed (Hessle et al., 2008) and
cosmetic applications (Sapino et al., 2005). Hempseed, in addition to its nutritional value, has
demonstrated positive health benefits, including the lowering of cholesterol and high blood
pressure (Jones, 1995).
While fiber and seed are the main products, there is a growing interest over the valorization
of hemp secondary metabolites. Hemp vegetative and reproductive organs are rich in various
unique bioactive secondary metabolites, namely cannabinoids, terpenoids and flavonoids
(Hazekamp et al., 2010).
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Cannabinoids are terpenophenolics, a group of compounds typical of the genus Cannabis.
Commonly, there are cannabidiol (CBD), delta 9-tetrahydrocannabinol (THC),
cannabichromene (CBC) and cannabigerol (CBG). Cannabinol (CBN) is a degradation
product of THC and it does not occur naturally in plant (Peschel and Politi, 2015).
Cannabinoids have modulating effects on the human endocannabinoid system and are
believed to be beneficial in a number of physiopathological processes (Izzo et al., 2009).
There are 54 fiber hemp varieties registered in EU (EC, 2016) and 4 hemp varieties
registered in Serbia.
The aim of this study was to evaluate all fiber hemp varieties registered in Serbia as a source
of nutrients and medical cannabinoids.

MATERIAL AND METHODS
Four registered varieties of fiber hemp plant: Helena, Marina, Novosadska and Fedora 17
were grown in 2015, at the Department for Alternative Crops of the Institute of Field and
Vegetable Crops in Novi Sad, Serbia.
Plants used for analysis of cannabinoids were harvested in flowering phase and only
flowering tops were used. Hemp seeds (approx. moisture content 6.6%) were used for the
analyses of oil content and composition, as well as total protein content.
Hemp flowering tops were dried and then homogenized using laboratory mill. Absolute
ethanol (20 ml) was added to 200 mg of dry and homogenized sample weighed into an
erlenmayer with a stopper, after which the solution was sonicated for 15 min.
Decarboxylation step was performed prior to GC analysis by transferring 1 ml of solution to a
2 ml GC vial, than putting it into a heating unit (150 °C) for 12 min where the solvent was
evaporated and cannabionids were decarboxylated. The residue was dissolved in 1.5 ml of
ethanol and shaken well prior to analysis.
Analysis of cannabinoids was performed on Agilent 7890 gas chromatograph equipped with
flame ionisation detector (FID). The separation was performed on a fused silica capillary
column (HP-5, 30 m × 0.25 mm i.d., and 0.25 µm film thickness). Helium was used as carrier
gas at a constant flow of 1 ml/min. The temperature program was as follows: initial
temperature of 200 °C was held for 2 min, then increased to 240 °C at a rate of 10 °C/min,
and hold for 10 min. The injector and detector temperatures were set at 250 and 280 °C,
respectively. The injected sample volume was 1 μl and split ratio was 1:10. Individual
analytical standards for cannabidiol (CBD), cannabigerol (CBG) and cannabinol (CBN) were
used for calibration. Quantitation of THC was performed with CBN analytical standard in
accordance to method given by Poortnman-van der Meer et al. (1999).
Total oil content were determined by the extraction of oil from ground hempseed (8h, 70 °C),
performed in a Soxhlet extractor using 5 g of seed and 200 ml petroleum-ether followed by
solvent removal under vacuum at 60 °C.
To determine hempseed fatty acid composition and content 4 g of seeds were pressed in a
hydraulic press to yield approximately 0.5 ml of oil available for GC analysis. Then, oils were
converted into fatty acid methyl esters by transesterification using TMSH (transesterification
agent). To the reaction vial with 270 µl of TMSH, exactly 30 µl of oil was added, well shaken
in the vortex, and kept at room temperature for an hour.
Analysis of fatty acid methyl esters was performed on Agilent 7890 gas chromatograph
equipped with flame ionization detector (FID) and split/splitless injector (split ratio of 1:50).
The separation was performed on a fused silica capillary column (HP-INNOWAX, 30 m ×
0.25 mm i.d., and 0.25 µm film thickness). Helium was used as carrier gas at a constant
pressure of 53 kPa at 50 °C. The temperature program was as follows: initial temperature of
50 °C was held for 1 min, increased to 200 °C at a rate of 25 °C/min, then increased to 230
°C at a rate of 3 °C/min, and hold for 18 min. The injector and detector temperatures were
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set at 250 and 280 °C, respectively. Injected sample volume was 1 μl. The results were
processed using ChemStation software and expressed as the percentage of individual fatty
acids in the oil sample.
Determination of protein content was performed according to AOAC Official Method 972.43.

RESULTS AND DISCUSSION
Cannabionids content in four analyzed varieties of fiber hemp flowering tops extracts is
presented in Table 1 and typical chromatogram of fiber hemp flowering tops extracts is given
in Figure 1. Fiber hemp flowering tops extract is characterized by low THC content and high
cannabidiol (CBD) content.
In most EU countries the current upper legal limit for cultivation is 0.2% THC (Sarmento et
al., 2015) and in Serbia the limit is 0.3% THC. The THC content in all four analyzed hemp
varieties was approximately 3 times lower than legal limit in EU.
The CBD content in analyzed varieties ranged from 1.00 to 1.27% which is in good
correlation with CBD content reported in fiber hemp varieties grown in France (Thouminot,
2015) and slightly lower than average CBD content in eight varieties experimentally grown in
Serbia from 1999 to 2005 in order to evaluate the effects of agroclimatic conditions on CBD
synthesis and accumulation (Sikora et al., 2011). A strong influences of soil temperature at 5
cm and growing degree days (GDD), which are the most significant agroclimatic parameters
influencing cannabinoids synthesis (Mandolino et al., 2003; Sikora et al., 2011), could have
contributed to lower CBD content in varieties grown in 2015 (Table 1).
Table 1. Phytocannabinoids content (%) in fiber hemp plant
Hemp variety
CBD
Helena
1.27
Marina
1.00
Novosadska
1.21
Fedora 17
1.00

THC
0.07
0.06
0.07
0.05

CBG
nd*
nd
nd
nd

*nd - not detected

CBD is the most prevalent cannabinoid in the fiber-type hemp and presents a large array of
pharmacological properties, as recently reviewed by Burstein (2015). CBD itself has been
shown in animal and in vitro studies to possess, among others, anti-anxiety, anti-nausea,
anti-arthritic, anti-psychotic, anti-inflammatory, and immuno modulatory properties (Burstein,
2015). It has also shown potential as therapeutic agent in preclinical models of central
nervous system diseases such as epilepsy, neurodegenerative diseases, schizophrenia,
multiplesclerosis, affective disorders and the central modulation of feeding behavior (Hill et
al., 2012).

Figure 1. GC-FID chromatogram of flowering tops extracts of fiber hemp variety Helena
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Total oil content in seeds of investigated varieties ranged from 21.09 to 32.09%, and it was
similar to findings of other authors (Callaway, 2004; Peschel and Politi, 2015). Obtained
results showed that hemp seed oil contained linoleic (C18:2ω6) and linolenic (C18:3ω3)
acids as the major polyunsaturated fatty acids (Table 2), as it was confirmed in some
previous studies (Callaway, 2004; Da Porto et al., 2012).
‘Novosadska’ had the highest linoleic and α-linolenic acids and ‘Fedora’ γ-linolenic acid
contents (Table 2). These fatty acids are known as essential fatty acids because humans
cannot produce them themselves, and must obtain them in their diet. Hempseed oil has been
suggested to be perfectly balanced in regards to the ratio (3:1) of these two essential
polyunsaturated fatty acids (linoleic and linolenic acids) for human nutrition. Also, the oil is
mostly used in cosmetic industry, because of the presence of α-linolenic acid, which is an
ideal ingredient for light body oils and lipid-enriched creams, known for high penetration into
the skin (Rausch, 1995).
Hempseed oil was characterized by high content of PUFA (polyunsaturated fatty acids) and
polyunsaturated/saturated (P/S) ratio (Table 2). When compared to other vegetable oils,
hempseeds has much higher PUFA content (approximately 10% higher than corn, soy,
sunflower seeds and 60% than olive fruits). A high ratio of P/S is regarded favorably for the
reduction of serum cholesterol and arteriosclerosis and prevention of heart diseases (Rudel
et al., 1998). Similarly, the ratio of ω-6 to ω-3 fatty acids was 3.3-4.2, which is lower than in
sunflower and olive seeds, but higher than in rape seeds or flax seeds (Callaway, 2004).
Table 2. Oil content and fatty acid composition (%) of hempseed oils.
Hemp variety
Fatty acid
Helena
Marina
Palmitic C16:0
7.18
6.11
Stearic C18:0
2.69
3.03
Oleic C18:1
10.99
12.48
Linoleic C18:2ω6
53.55
53.21
α-Linolenic C18:3ω3
15.58
16.48
γ-Linolenic C18:3ω6
1.72
0.62
Arachidic C20:0
0.84
0.83
Eicosenic 20:1
0.38
0.39
Behenic 22:0
0.56
0.35
% PUFA*
75.78
75.20
n6/n3 ratio
3.55
3.27
total oil content - Soxhlet
32.09
31.88
* Polyunsaturated fatty acids
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Novosadska
6.22
2.80
12.36
54.09
17.16
0.78
0.76
0.37
0.31
75.94
3.20
29.38

Fedora 17
7.48
2.69
14.29
53.22
13.41
2.97
0.87
0.46
0.36
72.69
4.19
21.09
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Figure 2. Protein content (%) in whole and dehulled hemp seeds

From a nutritional standpoint, numerous factors are known to influence the quality of dietary
proteins, most notably the amino acid composition and the digestibility of the protein
(FAO/WHO, 1990). The amino acid composition of a plant protein can be influenced by
factors such as variety/genetics, agronomic conditions such as soil fertility, and post-harvest
processing effects that alter the ratio of seed components (i.e., dehulling) (House et al.,
2010). Due to the latter, we analyzed protein content in both, whole and dehulled seeds. As it
is presented in Figure 2, protein content was similar in the investigated hempseeds. The
highest protein content was determined in seeds of Novosadska variety (35.38%).
The remaining seed cake or meal after the cold pressing/extrusion-based processing of
hempseed has significant oil content (approx. 10%) and high (>30%) protein content
(Callaway, 2004; Silversides et al., 2005), and has been marketed as a source of vegetable
protein. In addition to the hemp seed meal, whole hemp seed and dehulled hemp seed
(hemp nuts) are found in the human food marketplace.

CONCLUSIONS
Due to high levels of PUFAs in the oil and high protein content in seeds, analyzed fiber hemp
varieties are excellent source of nutrition and valuable resource for the functional food and
nutraceutical industries. Analyzed varieties are rich in CBD which makes them promising
source of cannabinoids for pharmaceutical industry.
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ABSTRACT
The effect of kombucha starter culture on the kinetics of lactose transformation as well as on the
rheological properties in the different phases of milk fermentation (pH values of 5.4, 5.1, 4.8 and 4.6)
at 42 °C were investigated. The results of rheological properties were compared with those obtained
for the samples prepared with yoghurt and probiotic starters.
Lactose fermentation in milk by kombucha starter lasted 8 h. Change of lactose concentration is
consisting of two retaining stages and very steep decline in - between. The analysis of the rate curve
showed that the reaction passes through maximum after 4 h. After reaching the maximum, the
reaction rate decreases rapidly. The best model to present the curve of fermentation change of lactose
is sigmoidal Boltzmann's function.
Kombucha starter exhibited a similar influence on the casein networking pattern as the yoghurt and
probiotic starter cultures. The viscosity values measured at pH 5.4 indicate similarity of the gelation
processes taking place in the samples involving kombucha and probiotics. The sample produced with
kombucha had the highest value of complex modulus, which resulted in better rheological
characteristics of the final product.
Keywords: kombucha, milk, lactose fermentation, rheological properties

INTRODUCTION
Kombucha is a traditional fermented beverage with a history of several thousand years in the
East and remains quite popular in the West because of a large number of claims regarding
its therapeutic potential against a host of maladies. It is known as symbiotic association of
yeasts and acetic acid bacteria whose metabolic activities on sweetened tea produce a
pleasant slightly sweet, carbonated acidic refreshing beverage consumed worldwide. The
microbial composition of kombucha cannot be given because it depends on the culture
origin. Novel research (Marsh et al., 2014) has showed significant presence of lactic acid
bacteria in kombucha. The major bacterial genera in 5 kombucha samples from various
localities were Gluconacetobacter (over 85% in most samples) and Lactobacillus (up to
30%). Only trace populations of Acetobacter were detected (lower than 2%). Radulović et al.
(2010) have also isolated and identified lactic acid bacteria from kombucha tea. The
kombucha fermentation process also leads to the forming of cellulose pellicles floating at the
surface of the growth medium, due to the activity of some strains such as Acetobacter
xylinum (Johnsy et al., 2005; Kallel et al., 2012).
Fermented milks have been an important component of nutrition and diet. Yoghurt is among
the most popular fermented milk products. It is medium-acid fermented milk, characterized
by a smooth, viscous gel with a characteristic flavor. Yoghurt is a protein network formed by
casein micelles entrapping serum and fat globules. The distribution of the other components
has an important effect on the rheological behavior of yoghurt. It is a typical example of weak
viscoelastic gel. Dynamic rheological measurements of yoghurt are of interest as they are
directly related to its viscous and solid properties.
The first attempt to mathematically describe the process of the gel viscoelastic properties
evolution in the course of gelation was introduced by Scott-Blair and Burnett (1958) in 1958,
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and later (Scott-Blair and Oosthuizen, 1961) empirical regression model was refined. The
regression model describes the experimental results beyond the gel point, showing an initial
rapid increase of the shear modulus, proces
(Smykov, 2015).
Lactose is present in the milk of all mammals with only a few minor exceptions and it is the
main carbohydrate in dairy products. It is a unique disaccharide, composed of glucose and
galactose. During yoghurt fermentation, lactose present in the milk is converted to lactic acid
which decreases the pH of the product. As a consequence, casein micelles are destabilized
when the pH reaches about 5.3 and irreversibly coagulate to form a gel (Duboc and Mollet,
2001).
Several studies showed the technological and nutritional potential of kombucha application in
the development of new fermented dairy products (Malbaša et al., 2009; Iličić et al., 2012;
Milanović et al., 2012; Vukić et al., 2014). Therefore, the aim of this paper was to investigate
the effect of kombucha starter culture on the kinetics of the lactose transformation as well as
on the rheological properties in the different phases of milk fermentation.

MATERIAL AND METHODS
Materials
Milk
Homogenized and pasteurized cow’s milk from AD Imlek, Division Novi Sad Dairy, was used
for the production of kombucha fermented milk products. The composition of milk was as
follows: fat content – 2.0 g/100g, total solids – 10.59 g/100g, total proteins – 3.30 g/100g and
lactose – 4.39 g/100g, ash 0.69 g/100g.
Kombucha inoculum
Kombucha inoculum was prepared according to procedure published by Milanović et al.,
(2002). Kombucha is cultivated on a black tea (Camellia sinensis – oxidized, 1.5 g/L) with
sucrose concentration of 70 g/L. The tea was cooled to room temperature, after which
inoculum from a previous fermentation was added in concentration of 10 % (v/v). Incubation
was performed at 25 °C for 7 days. Inoculum in concentration of 10 % (v/v) was used for milk
fermentation.
Samples production
During the fermentation process involving kombucha, yoghurt or probiotic starter culture,
samples were taken at the pH values of 5.4, 5.1, 4.8 and 4.6. The particular samples were
designated by the capitals K (kombucha), P (probiotic) and Y (yoghurt), and the
corresponding pH value. The kombucha inoculum was added to the milk in an amount of
10% (Vukić et al., 2014). The probiotic starter culture was Probio-Tek® from CHR Hansen
(Denmark) containing: Lactobacillus acidophilus LA-5®, Bifidobacterium lactis BB-12®, and
Streptococcus thermophilus. The yoghurt starter culture Yo-Flex® from CHR Hansen
contained the thermophilic cultures: Streptococcus thermophilus and Lactobacillus
delbrueckii ssp. bulgaricus. The commercial starters (probiotic and yoghurt) were added
according to the manufacturer's specification – 0.005 g/100g. All the samples were produced
in triplicate at 42 °C.

Methods
pH Values
The pH values were determined using a pH-meter (pH Spear, Eutech Instruments Oakton,
UK).
Sugar content
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The content of lactose and galactose at were detected in all samples using specific
enzymatic tests K-LACGAR 12/05 (lactose and D-galactose) purchased by Megazyme,
Ireland. Products of the reactions were monitored using spectrophotometer (T80+UV/VIS
Spectrometer PG Instruments Ltd, UK).
HPLC analysis of lactic acid
Lactic acid content was determined according to the modified method of Jayablan et al.
(2007). Four grams of samples were transferred into a 25 mL volumetric flask, 5 mL of
bidestiled water was added and filled up with acetonitrile (Mallinckrodt Baker, Inc.,
Netherlands). The obtained solution was mixed for 5 min and then was filtered through
membrane syringe filter (with diameter pore of 0.45 μm). Agilent 1100 system (USA) with C–
8 column and UV–DAD detector was used for determination. The mobile phase was a
mixture of 20 mM potassium dihydrogen phosphate, pH 2.4 and methanol (97:3). The flow
rate and column temperature was maintained as 1.0 mL/min and 28 °C, respectively.
Detection was carried out at 220 nm. Lactic acid (Supelco analytical, USA) was used as a
standard. Each sample was prepared and injected in triplicate.
Lactose kinetics
The change of lactose concentration during fermentation of milk with kombucha was fitted to
the sigmoidal Boltzmann's model.
Rheological properties
The viscosity of the samples was measured at 5 °C using a viscometer HAAKE RheoStress
600HP (Karlsruhe, Germany) with a cone and-plate-sensor PP60Ti (gap 1 mm). Stress
sweeps were increased from 0.1 to 100 Pa to determine the linear viscoelastic range of the
samples at a constant frequency of 1Hz. The frequency sweeps from 1 to 10 Hz were
performed at a constant shear stress of 1Pa to obtain dynamic complex parameters: the
storage modulus (G’), the loss modulus (G’’) and the phase angle (tanδ), which represents
the ratio of G’’ and G’. The onset of gelation was determined by measuring the modulus
during the sample production. Replicate measurements for each sample were done
independently.
Statistical analysis
Statistical analysis of results was carried out with the computer program "Statistica 9”.

RESULTS AND DISCUSSION
The pH value was measured as indicator of the milk fermentation by kombucha, at 42 °C
(Figure 1).
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Figure 1. Change of pH during milk fermentation by kombucha at 42 °C

Fermentation curve is characterized by a slight increase during the first two hours (from the
starting pH 6.07 to pH 6.2). The next two hours, the pH value gradually decreased. Further
decrease in pH value took place until the end of the fermentation.
Decrease of pH during the milk fermentation is a result of lactose transformation. Lactose
molecules bind to the enzyme's active sites where they are hydrolyzed into glucose and
galactose, which are then metabolized through a number of consecutive and parallel
reactions in the cell. Seto et al. (1997) have reported that Acetobacter strains, which are
abundant in kombucha medium, consumed preferentially glucose as carbon source. In line
with this, glucose is preferred to galactose as a carbon source by kombucha microflora.
Lactose consumption and the accumulation of galactose and lactic acid during fermentation
of milk by kombucha were examined and presented in Figure 2. During the fermentation, the
lactose is first converted into glucose and galactose which are further converted into other
products such as pyruvic acid, lactic acid, carbon dioxide, water, ethanol and others, through
a series of consecutive and parallel reactions (Тamime and Robinson, 2004; Surono and
Hosono, 2011). Reaction mixture changes its qualitative and quantitative composition during
the milk fermentation.
At the beginning of the process, lactose content was 4.39 g/100g and decreases
continuously during the fermentation. The best model to present the change of lactose (as
well as sucrose, researched by Lončar et al., 2014), is sigmoidal Boltzmann's function.
Change of lactose concentration at 42 °C is consisting of two retaining stages and very steep
decline in–between (Figure 2). The time interval when the change of constituents was most
evident is between the 4th and the 6th hours.
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Figure 2. Kinetics of lactose fermentation

The analysis of the lactose consumption rate (Figure 3) showed that the lactose was
consumed at maximum rate after 4 hours. After reaching the maximum, the reaction rate
decreases rapidly, probably because of the suppression of metabolic activity of the present
microorganisms due to the production of organic acids. Similar results were obtained by
Chen and Liu (2000) who investigated prolonged fermentation of sucrose by kombucha.
The effect of kombucha starter culture on the rheological properties was examined by the
storage modulus G’ and loss modulus G’’ analyses. The results were compared with those
obtained for the samples prepared with yoghurt and probiotic starters. As the gel forms, the
values of the storage modulus G’ and loss modulus G’’ show an increase, but their ratio
changes depending on the gel formation phase (Horne, 1999; Xu et al., 2008; Jacob et al.,
2011).

Figure 3. Reaction rate of lactose fermentation
(Lines show mathematical models, symbols present experimental values)
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Figure 4. Complex modulus of the samples produced by starters: a) kombucha; b) yoghurt; c) probiotic

It is evident from Figure 4 that the networking of casein micelles caused an increase in the
storage modulus (G’) and loss modulus (G’’) during the fermentation, i/e. in stronger bonds
and more rigid casein network at increased complex modulus. Samples produced with
kombucha had the highest values of the complex modulus, which indicates better rheological
characteristics of the final product. It is evident that the major changes in the values of
viscosity and modulus during the milk fermentation using kombucha inoculum take place in
the first phase of casein micelles networking, which is in accordance with observations
concerning the samples produced with the other two starters. As the fermentation proceeds
further, the pH value decreases and the viscosity changes are less pronounced due to the
approaching of the casein isoelectric point. Different types of starter culture induced different
gelation rates and final gel viscosity of the sample.

CONCLUSIONS
Milk fermentation by kombucha at 42 °C showed specific biochemical behaviors. The best
model to present the change of lactose during fermentation is sigmoidal Boltzmann's
function. Change of lactose concentration is consisting of two retaining stages and very
steep decline in–between.
The major differences in the measured rheological properties of the samples were observed
in the first phase of casein gelation. The samples produced with kombucha had the highest
value of complex modulus, which resulted in the better rheological characteristics of the final
product.
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ABSTRACT
Cruciferous sprouts are fresh plant foods very interesting because their higher contents of nutrients
and phytochemicals compared to the adult plants. Different strategies could be carried out in order to
produce sprouts rich in bioactive compounds, such as appropriate conditions and days of germination,
along with treatments with elicitors. In this work, 8-day-old broccoli (Brassica oleracea var. italica) and
radish (Raphanus sativus cv. Rambo) sprouts were selected due to their high content in
glucosinolates, in order to evaluate the absorption and metabolism of their bioactive compounds,
isothiocyanates and indoles, as well as validate certain biological activities.
The absorption and metabolism of sulforaphane from broccoli sprouts were studied in vitro using
human intestinal and hepatic cancer cells, showing antiproliferative activity and, therefore, assisting
the anticancer mechanisms in the cells. On the other hand, sulforaphene from radish sprouts was
demonstrated to be metabolized through the mercapturic acid pathway, showing also a beneficial
effect in the glucose metabolism of the organism model Drosophila melanogaster. Additionally, the
antinociceptive (analgesic) effect of broccoli sprouts was evaluated in rodent models, suggesting their
potential use in treatment of pain without the adverse effect of analgesic drugs.
The selection of suitable cruciferous varieties for sprouts production with high contents of
phytochemicals will maximize their promoting properties for their possible use in preclinical and clinical
trials, even without increasing the overall vegetable consumption.
Keywords: Sulforaphane, sulforaphene, anticancer, energy metabolism, antinociception.

INTRODUCTION
The vegetables from the family Brassicaceae have been widely approved for its beneficial
effects on human health through epidemiological studies (Jahangir et al., 2009), as good
sources of a variety of nutrients and phytochemicals that may work synergistically against
certain types of cancer, cardiovascular diseases, neurodegeneration and diabetes (DinkovaKostova and Kostov, 2012). Cruciferous sprouts are usually collected and commercialized at
7 or 8 days of age after germination, considering this young physiological state the optimum
for consumption in terms of biomass and size, which allow manipulation, as well as for their
health-promoting compounds content, since sprouts have significantly greater concentrations
of phytochemicals than mature plants (10-100 times) (Cevallos-Casals and CisnerosZevallos, 2010; Hanlon and Barnes, 2011). Glucosinolates (GLS) are hydrolyzed to the
biologically active isothiocyanates (ITC) and indoles among other compounds in presence of
the enzyme myrosinase when there is a tissue disrupted in the plant (Grubb and Abel, 2006)
and also by the action of the gut microflora upon human ingestion (Angelino and Jeffery,
2014).
The exposure of Brassicaceae plants to exogenous treatments with elicitors, such as the
phytohormones, salicylic acid (SA), jasmonic acid (JA) and methyl jasmonate (MeJA),
resulted in an increase in GLS (Ku et al., 2014), through induction of the defense
mechanisms in the plant and expression of genes involved in the production of secondary
metabolites (Ferrari, 2010).
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The beneficial effects of crucifers on human health, like antibacterial, antifungal, antitumor,
anti-mutagenic, anti-inflammatory, neuroprotective and antioxidative activities, which have
been demonstrated through many in vivo and in vitro studies, are based on the induction of
the Keap1/Nrf2/ARE pathway, which regulates the transcription of many antioxidant and antiinflammatory genes that preserve cellular homeostasis and induce detoxification enzymes
that process and eliminate carcinogens and toxins before they can cause damage
(Stefanson and Bakovic, 2014). In this work, the possible health-promoting effects of broccoli
and radish 8-day-old sprouts, through investigation of the absorption and metabolism of their
bioactive compounds, and their effects in cancer proliferation, glucose metabolism and
antinociception have been investigated in order to foster their application as healthy and
fresh vegetables.

MATERIAL AND METHODS
Broccoli (Brassica oleracea var. italica) and red radish (Raphanus sativus cv. Rambo)
sprouts were allowed to grow for 8 days and treated with the elicitor MeJA (250 µM) for 4
days before collection. Sprout samples were collected, weighed (fresh mass), flash frozen in
liquid nitrogen, stored at −80 ºC and lyophilized prior to analyses and their use in the in vitro
and in vivo experiments.
Caco-2 and HT-29 cells, as well as HepG2 cells, which feature characteristics of intestinal
epithelial cells and hepatocytes, respectively, were selected for studying the antiproliferative
effect of broccoli sprouts extract and their pure compounds sulforaphane (SFN) and
glucoraphanin (GRA), as well as their absorption and metabolism by these cell lines.
The in vivo model Drosophila melanogaster was used in order to study absorption and
metabolism of bioactive compounds of radish sprouts, analyzed by UHPLC-MS-QqQ
(Dominguez-Perles, et al., 2014) and their effect in the regulation of the glucose metabolism
and expression of the spargel gene.
Broccoli sprouts aqueous extract was administered at 50, 100, 250 and 500 mg/kg via i.p.,
and at 500, 1000 and 2000 mg/kg orally, to Swiss albino mice and female Wistar rats,
submitted to the writhing (Collier et al., 1968) and formalin tests (Wheeler-Aceto et al., 1990),
respectively. Gastric damage (Robert et al., 1979), as possible adverse effect observed in
the effect of anti-inflammatory, was also explored in the effect of significant dosage (100
mg/kg BSE i.p.).

RESULTS AND DISCUSSION
After the evaluation of the GLS content in broccoli and radish sprouts during the germination
time (4, 8, and 12 day-old-sprouts), the day 8 of germination was selected as appropriate
size for commercialization and consumption, even though the content in phytochemicals
decrease during germination due to a dilution effect of tissue expansion (Figure 1).
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Figure 1. Total GLS content in broccoli and radish sprouts during germination

The exogenous treatment of sprouts with MeJA (250 µM) showed an increase in total GLS of
84 % and 23 %, in broccoli (712 mg/100g F.W.) and radish sprouts (452 mg/100g F.W.),
respectively (data not shown).
Once the previous results were obtained, the evaluation of the absorption and metabolism of
GLS/ITC present in 8-day-old broccoli sprouts (containing 1µM of SFN), as well as the pure
compounds SFN (1 µM) and GRA (50 µM), was approached by the Caco-2 and HepG2 cell
lines. In our work, cells were capable of metabolize SFN, accumulated predominantly as
glutathione conjugates (SFN-GSH) but also as SFN-cysteine (SFN-CYS), which were
determined in cells lysates and in the culture medium in nanomolar concentrations (0.5–90
nM) (data not shown). In addition, broccoli sprouts and SFN showed dose-time dependent
antiproliferative activity in Caco-2, HT-29 and HepG2 cancer cell lines, while GRA did not
achieve the half-maximal inhibitory concentration (IC50). A lower IC50 was observed after
broccoli sprouts treatment (~2 µM) compared to SFN (~50 µM), suggesting that other
compounds present in the food matrix may act biologically in synergy with SFN (Figure 2).

Figure 2. Cell growth Inhibition (%) after application of broccoli sprouts extract, sulforaphane and
glucoraphanin solutions. IC50 shows the half-maximal inhibitory concentration

Moreover, to study the absorption and metabolism of bioactive compounds present in radish
sprouts cv. Rambo we used Drosophila melanogaster, as a model organism. Flies were
subjected to a diet supplemented with radish sprouts (10.6 g/L) for 10 days, containing 50
µM of sulforaphene (SFE). Flies homogenizes after this treatment showed nanomolar
concentrations, per gram on a fresh weight basis, of SFE (1.11 nmol/g F.W. in flies), as the
predominant ITC, and SFN and I3C (<0.4 nmol/g F.W. in flies), in lower amounts (Figure 3a).
Therefore, the natural conversion from GLS to ITC by the plant enzyme myrosinase or by
Drosophila-derived microbial myrosinase-like enzymes in the gut may have occurred. In
order to support the conversion of SFE to SFN and the metabolism of SFN through the
mercapturic acid pathway in the flies, the conjugated metabolites were studied, showing
homogenized flies the presence of SFN-CYS, suggesting that metabolism of SFN in the D.
melanogaster is similar to mammalian species (Figure 3a). In addition, we suggest that
intestinal glucose absorption in the flies could be decreased by radish sprouts treatment, as
we found inhibition of 23% of the enzyme α-amylase with radish sprouts (10.6 g/L) and lower
glucose levels (20%) in the radish sprouts-treated flies (Figure 3b). Interestingly, the
homologous gene of PGC-1α in mammals, the spargel gene, was up-regulated in flies after
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radish intake, associated with the regulation
of glucose homeostasis in mammals (Yoon et
b
al., 2001), among other activities (Figure 3c).
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Figure 3. Results obtained after treatment Drosophila melanogaster with radish sprouts for 10 days.
a) ITC and indole content in the flies; b) Glucose content in the flies; c) Expression of spargel gen

After studying the absorption and metabolism of bioactive compounds, elicited broccoli
sprouts were evaluated for the potential to affect the nervous system by the antinociceptive
effects and the gastric protection in rodent models of induced pain. Results showed
analgesic effects of aqueous broccoli sprouts extracts in a dose-dependent manner in both
routes of administration, oral (p.o., 50, 100, 250 and 500 mg/kg) and intraperitoneal (i.p.,
500, 1000 and 2000 mg/kg), resembling the response of the analgesic tramadol (TRADOL®),
by using two models of nociception: the writhing test in mice (Figure 4a) and the formalin
paw test in rats (Figure 4b).
a) Writhing test.

b) Formalin test phase I.
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Figure 4. Antinociceptive effect of broccoli sprouts in the Writhing (a) and Formalin test phase I (b)

Broccoli sprouts did not cause any gastric damage (Figure 5a), and produced gastric
protection against ulcerogenic substances (Figure 5b and c), which might be associated with
stimulation of Nrf-2 gene-dependent antioxidant, protecting and repairing cells from oxidative
damage (Yanaka et al., 2005).

Figure 5. Gastric damage after broccoli sprouts extract:
a), ulcerogenic agent; b) and broccoli sprouts + ulcerogenic agent; c) treatments

CONCLUSIONS
The selection of cruciferous sprouts according to biomass production and phytochemical
profile will maximize their health-promoting properties, without increasing the overall
vegetable consumption.
Exogenous application of elicitors, particularly using methyl jasmonate at very low
concentrations, could be established as an effective strategy to enrich cruciferous sprouts in
bioactive compounds.
Sulforaphane, from broccoli sprouts, is bioavailable and bioactive in cells assisting their
anticancer mechanisms, by inhibition of the proliferation.
Sulforaphene, from radish sprouts, is absorbed by the same pathway of sulforaphane and it
may be used for the modulation of the glucose metabolism in vivo.
Broccoli sprouts induce in vivo central and peripheral antinociceptive activity, suggesting its
potential use for treatment of pain without the adverse effect of analgesic drugs.
Optimizing the bioactive compounds intake in the daily diet may be useful for improving pain
management in both central and peripheral nociceptors.
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ABSTRACT
The consummation of garlic in food is somewise limited due to its unpleasant smell and taste which
could be masked with incorporation of the garlic extracts into emulsion systems, allowing at the same
time protection of unstable extracted components. In this work two extraction methods for preparation
of garlic extracts were used: extraction with water and extraction with 96% ethanol. The prepared
garlic extracts were used for formation of water-in-oil (W/O) emulsions by high speed homogenization.
The influence of emulsifier type and its concentration on droplet size and droplet size distribution as
well as on stability of prepared emulsion were investigated. Obtained droplet diameter of water garlic
extract-in-oil (W/O) emulsions was in the range of 160-200 nm for most of the investigated
formulations. Droplet size distribution remained unchanged for one month of storage, only when
concentration of emulsifier (polyglycerol polyricinoleate - PGPR) is high enough and salt (NaCl) was
added as a co-stabilizer. Monodispersed and nanometer size droplets of ethanol garlic extract-in-oil
emulsions were obtained by mixing of extract with 0.15M solution of salt, stabilized with PGPR in
concentration of 4% (w/w) leading to formation of droplet size with diameter 162.1±7.69 nm.
Sedimentation stability of such emulsion was good and droplet size distribution remained unchanged
during 15 days of storage. Also the increase of the salt concentration to 0.3M did not show any
positive effect on stability.
Keywords: W/O emulsions, water garlic extract, ethanol garlic extract, stability

INTRODUCTION
The garlic (Allium sativum L.) is well known as a plant with extraordinary positive influence on
human health with expressed antimicrobial, antifungal, antiparasitic, antiviral activity and
indications that garlic can be attributed to reduction of risk factors for cancer (Amagase and
Milner, 1993; Harris et al., 2001). Consumption of garlic and its products is associated with
the cold and flu prevention, prevention and treatment of cardiovascular diseases,
hypertension, thrombosis, atherosclerosis, hyperlipidemia, and diabetes (Amagase and
Milner, 1993; Banerjee and Maulik, 2002; Eidi et al., 2006). Besides the limitations of its use
due to a specific smell and taste, the most active ingredients of garlic are volatile
components (thiosulfonates and other organosulfur components) which are destroyed in the
process of food preparation (Lanzotti, 2006).
The production of water-in-oil (W/O) and water-in-oil-in-water (W/O/W) emulsions is one
possible step towards employing the novel idea that biologically active substances and active
ingredients in the food industry should be entrapped in carrier material in order to achieve the
controlled release of active ingredients and flavor retention, to mask the bad taste or smell of
some components, stabilize food ingredients, prevent their oxidation or hydrolysis, adjust
their properties and/or increase their bioavailability (Nikolovski et al., 2011). The
incorporation of the garlic extract into emulsion carriers can be potentially used for their
protection, taste masking and controlled release.
Additionally, the use of pumpkin seed oil as a component of oil phase can contribute to high
nutritive and biological value of the final food product, because it is recognized as a valuable
natural source of essential fatty acids and biologically active micronutrients (tocopherols and
sterols) (Hrabovski et al., 2012).
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Considering that stability of W/O emulsion directly affects overall stability of the double
W/O/W emulsion, stabilization against coalescence can be obtained by the addition of
appropriate surfactants, which provide either electrostatic or steric stabilization to the
droplets (Landfester, 2006; Suárez et al., 2014). Additionally, the stability of W/O emulsions
was markedly affected by the addition of electrolytes in the aqueous phase (Landfester,
2006; Lutz et al., 2009; Pawlik et al., 2010; Srinivasan et al., 2000).
The aim of this study was to investigate the possibility of incorporation of two different garlic
extracts into W/O emulsions and to assess stability of the prepared emulsions. Namely,
water and ethanol garlic extracts used in this study can have a variety of components in their
composition that can potentially affect the stability of the emulsion carriers. The influence of
the emulsifier type and its concentration in the W/O emulsion with garlic extract as the
internal phase, on droplet size distribution and stability were investigated. On the other hand,
the stabilisation of emulsions with the ethanol garlic extract as the internal phase (E/O) was a
challenge due to lack of the proper emulsifiers that is a good stabilizing agent of E/O
droplets, allowed for human consumption. Several ways of improving droplet size distribution
and stability of emulsions with encapsulated ethanol garlic extract were investigated,
including the use of the lipophilic emulsifiers for stabilisation of the mixture of ethanol garlic
extract/water phase and addition of the electrolytes.

MATERIAL AND METHODS
The oil phase was a mixture of sunflower oil (“Vital”, Vrbas, Serbia) and cold-pressed
pumpkin seed oil (“Suncokret”, Hajdukovo, Serbia) in ratio 1:1 (w/w) as a optimal
composition of oil phase previously determined by multiobjective optimisation (Nikolovski et
al., in press). The oil soluble emulsifiers (hydrophobic emulsifiers) were polyglycerol
polyricinoleate (PGPR 90) and soy lecithin kindly provided by “Jaffa” a.d. (Crvenka, R.
Serbia). The decaglycerol monooleate (MO-7S) was kindly provided by Sakamoto Yakuhin
Kogyo Co., Ltd. (Osaka, Japan). For the preparation of the garlic extract, fresh garlic was
purchased at a local supermarket, while 95% ethanol (Zorka Pharma d.o.o (Šabac, Serbia))
was used for extraction. NaCl was purchased from Sigma Aldrich (UK).
Preparation of aqueous garlic extract: Fresh garlic bulbs (A. sativum L.) (90 g) was mixed
with demineralised water (200 g) and grinded in a blender for 15 min. The solids parts of the
garlic were removed by filtration through sterile gauze followed by centrifugation at 2400 rpm
for 30 min. The supernatant was filtrated through filter paper using vacuum pump (Heidolph
Instruments GMbH, Germany), and extract was finally collected and stored in refrigerator at 4
°C.
Preparation of ethanol garlic extract: Fresh garlic bulbs (A. sativum L.) (300 g) was
chopped into small pieces, mixed with 95% ethanol (700 g) and left for 7 days in the dark
glass bottle protected from the light at room temperature, followed by occasional mixing. The
solids parts of the garlic were removed by filtration through sterile gauze followed by filtration
under vacuum (Heidolph Instruments GMbH, Germany), and extract was finally collected and
stored into dark bottle.
Emulsion preparation: The W/O emulsions were prepared by homogenization using a high
speed homogenizer (UltraturraxT-25, IKA, Germany) at 24000 rpm for 8 min. Continuous
phases were prepared by dissolving hydrophobic emulsifier (PGPR or lecithin) in a mixture of
pumpkin seed and sunflower oil (mass ratio 1:1)) at 50 °C by mixing on a magnetic stirrer for
30 minutes. The final 20% (v/v) W/O emulsions were prepared by careful addition (drop by
drop) of the dispersed phase into the continuous oil phase stirred by the high-speed
homogenizer. Dispersed phases were pure aqueous garlic extract, aqueous garlic extract
salt solution (0.15M of NaCl), pure ethanol garlic extract and mixture ethanol garlic
extract/water salt solution (mass ratio 1:1) with various concentrations of NaCl (0.15 and
0.3M), providing the formation of dispersed phases with 0.075 and 0.15M of salt,
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respectively. Considering that the MO-7S as emulsifier showed the best solubility in ethanol
phase, during preparation of ethanol garlic extract-in-oil emulsions (E/O) it was dissolved into
ethanol garlic extract followed by the same procedure for emulsion preparation.
Droplet size analysis: Droplet size and droplet size distribution curve of the emulsions were
determined immediately after the formation by laser light scattering instrument Zetasizer
Nano ZS® (Malvern Instruments, U.K.). To avoid multiple light scattering, samples of the
emulsions were diluted with sunflower oil and analyzed in triplicate. The optical parameters
selected were: dispersed phase refractive index 1.3520 and 1.3575 for aqueous and ethanol
garlic extract inner phase, respectively; dispersant viscosity (sunflower oil) 51.32 mP·s and
refractive index 1.4723. The stability of W/O emulsions was determined weekly during a
month of storage.
The mean droplet diameter of the emulsions was expressed as a volume-weighted mean
diameter d4.3, given by Eq.:

where ni is number of droplet i and di is the diameter of droplet i.

RESULTS AND DISCUSSION
Encapsulation of extracts into emulsions systems requires studious investigation of the
influence of added extract on emulsion formation and stability due to its complex nature and
presence of a multitude of components that may potentially be adsorbed at oil/water
interface. Considering that previous study had shown that the usage of PGPR as an
emulsifier for stabilization of water droplets in W/O emulsions produced emulsions in
nanometric scale and that addition of salt was crucial for stability of prepared emulsions (Ilić
et al., 2016), the same methodology was applied on preparation of water garlic extract-in-oil
emulsions (W/O). Fig. 1 clearly demonstrates that the concentration of PGPR and addition of
salt both affects the size of W/O emulsions. Emulsions with no added salt and concentration
of PGPR of 2% gave bimodal distribution curve, while increasing concentration of PGPR on
4% had positive influence on droplet size distribution, with volume-weighted mean droplet
diameter of d4.3=170.1nm ± 5.72. The similar positive influence on droplet size distribution
curve was obtained by addition of salt into internal water phase, even in the case of reduced
concentrations of emulsifiers (d4,3=178.6nm ± 7.05 at a concentration PGPR of 2%(w/w)). In
fact, the salt as a co-stabilizer builds-up the osmotic pressure to counter balance the Laplace
pressure, and consequentially stabilizes emulsions against diffusion degradation known as
Ostwald ripening (Capek, 2010; Landfester, 2006).
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Figure 1. Changes in droplet size distribution curves based on the cumulative basis with concentration
of PGPR for W/O emulsions with encapsulated water extract of garlic with (0.15M NaCl) and without
added salt

Addition of salt not only improved the uniformity of the droplets, but significantly affected the
stability of prepared emulsions (Fig. 2). If no salt was added into internal water phase, the
coalescence of droplets led to a formation of a droplets size fraction approximately around 1
µm after 20 day of storage, while salt addition prevented this effect. According to the
literature findings, the addition of electrolytes in the water phase further increases stability of
W/O emulsion, strengthening the interaction between adsorbed molecules in the interface,
and provides better packing of the PGPR in the interfacial layer (Lutz et al., 2009; Pawlik et
al., 2010).

Figure 2. Stability of W/O emulsions with encapsulated water extract of garlic during time a) without
and b) with (0.15M) addition of salt

Next step was to investigate the possibility of encapsulation of ethanol garlic extract into
emulsion carriers, because in this form it was used as a traditional cure for flu prevention and
blood pressure lowering (Ilić et al., 2015). Variety of emulsifiers for stabilization of ethanol-inoil (E/O) emulsions are described in literature and most of them showed poor emulsification
properties except polyglycerol esters of oleic acid, wherein the decaglycerol monooleate
(MO-7S) was selected as the best emulsifier (De Los Reyes and Charcosset, 2010; Xu et al.,
2001). However, most of listed emulsifiers used for stabilization of E/O emulsions are not
recommended for food preparation. In our investigation, MO-7S as an emulsifier did not
show remarkable results for stabilization of ethanol garlic extract-in-oil emulsions (E/O) which
is represented in Fig. 3a. Droplet size of emulsions prepared with MO-7S was d4,3=4.48µm ±
0.2, with visible phase separation after few hours of storage. From Fig. 3a can be observed
that the use of other emulsifier such as lecithin or PGPR did not influence significantly on
droplet size decrease of the ethanol droplets.
In order to improve the stability and obtain monodisperse emulsions, internal droplets
consisted of ethanol garlic extract mixed with water solution of NaCl (mass ratio 1:1) were
dispersed into oil phase producing ethanol garlic extract/water solution-in-oil emulsions
(EW/O). In Fig. 3b is shown the influence of salt addition on EW/O emulsions droplet size
distribution curve stabilized with different concentrations of PGPR. As can be observed, the
droplet size of prepared emulsions is significantly reduced by addition of electrolytes and
using the optimal emulsifier concentration. Mixture of the extract and 0.15M NaCl solution
dispersed into oil phase containing 4% of PGPR gave droplet size of d4,3=162.1nm ± 7.69,
while increase of the salt concentration had almost no influence on droplet size
(d4,3=167.9nm ± 14.8).
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Influence of the salt addition on stability of the emulsions with encapsulated ethanol garlic
extract (EW/O) can be observed on Fig. 4. Namely, after 15 days of storage, emulsions
prepared with 0.075M of NaCl did not show any change in droplet size distribution. After that
time, coalescence causes the appearance of bimodal distribution curve. The increase of the
salt concentration up to 0.15M did not show any positive effect on stability.

Figure 3. a) Influence of emulsifier type and concentration on droplet size distribution of E/O emulsions
(ethanol garlic extract-in-oil emulsion; b) influence of concentration of the PGPR and salt on droplet
size distribution of EW/O emulsions (mixture ethanol garlic extract and water solution (1:1)-in-oil
emulsions)

Figure 4. Stability of EW/O emulsions with encapsulated ethanol extract of garlic with different
concentration of added salt: a) 0.075M, b) 0.15M

CONCLUSIONS
The W/O emulsions with a mixture of pumpkin seed and sunflower oil as oil phase can be
successfully used as a carriers for encapsulation of water garlic extract. The concentration of
the PGPR of 4% (w/w) and presence of salt in internal water phase allows obtaining of
emulsions with droplet size diameter of d4.3=170-180 nm with remarkable stability of droplet
size distribution during time.
Encapsulation of ethanol garlic extract requires mixing of extract with 0.15M solution of salt
and stabilization with PGPR in concentration minimum of 4% (w/w) in order to obtain droplet
size diameter of d4.3=162.1nm ± 7.69, thus providing unchanged droplet size distribution
during 15 days of storage. Furthermore, increase of the salt concentration in water phase to
0.3M did not show any positive effect on stability.
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ABSTRACT
The aim of this work was incorporation of garlic extracts into internal water phase of the double W/O/W
emulsions, due to many potential positive effects of garlic on human health, but also because
unpleasant taste and instability may limit its use and biological activity in the food products. The water
and ethanol extracts of garlic were used as an internal water phase or/and component of water phase
of the double emulsions. Water garlic extract-in-oil (W/O) emulsions and ethanol garlic extract/waterin-oil (EW/O) emulsions were prepared by high-speed homogenization to provide emulsion droplets on
nanometer scale. The second stage was the preparation of double W/O/W emulsions using stirred cell
membrane emulsification (ME) or homogenization. The release of 1,3,6,8-Pyrenetetrasulfonic acid
tetrasodium salt (PTSA) as a hydrophilic marker dye dissolved in the internal water phase was
measured during time which indirectly indicates the yield of encapsulated material in the double
emulsions. The yield of W/O/W emulsions was high (≥99%) in formulations with matched osmotic
pressures between water compartments. Formulations without balanced osmotic pressures and
aqueous extract as internal water phase showed lower initial encapsulation efficiency (76.6%) and
higher release during time. The double emulsions prepared with the addition of ethanol garlic extract
into internal water phase showed remarkable yield of encapsulation after two month of storage,
between 74.7% and 96.2%, depending on formulation and technique used for the emulsion
preparation.
Keywords: garlic extract, W/O/W emulsions, release behavior, membrane emulsification

INTRODUCTION
The double water-in-oil-in-water (W/O/W) emulsions are constructed of small water droplets
dispersed into oil droplets, finally being distributed into external aqueous phase with the
primary purpose to carry valuable water soluble components (O` Regan and Mulvihill, 2009;
Perez-Moral et al., 2014). The main reasons for the potential application of the W/O/W
emulsions in food industry are production of low fat content food, so-called ˝light˝ products
and encapsulation of sensitive components such as nutrients and flavor compounds
providing controlled release during consumption or preventing their oxidation (Dickinson,
2011; Jiménez-Colmenero, 2013; Muschiolik, 2007; Pays et al., 2002; Zhao et al., 2015).
The double emulsions are produced by two-step procedure and stabilized by two emulsifiers
of the opposite solubility (hydrophilic and hydrophobic emulsifier) (Herzi et al., 2012).
Different dispersing methods have been employed to generate emulsions such as
conventional agitation, colloidal mills, static mixers and high shear mixers, as well as novel
methods like membrane emulsification (Dragosavac et al., 2012; Vladisavljević and Williams,
2005) and ultrasound cavitation (Tang et al., 2013). The shear generated at the membrane
surface is much smaller in the membrane emulsification process, because droplets are
directly formed by permeation of the dispersed phase through the pores, instead by the
disruption of large droplets in zones of high-energy density (Vladisavljević and Mitrović,
2000). There are different realizations of the membrane emulsification process and their
differences are mostly reflected in the method of shear stress control on the membrane
surface (Dragosavac et al., 2008).
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The encapsulation efficiency and release kinetics investigation of incorporated active
components with complex composition (herbal extracts, complex mixtures of active
substances) in the internal aqueous phase W/O/W emulsion often requires the use of marker
substances. The complex and unstable structure of garlic extracts limits the expression of its
positive effects on human health, because most of the active garlic ingredients are volatile
components (thiosulfonates and other organosulfur components) which are easily destroyed
during manufacturing process (Lanzotti, 2006). For the same reason, tracking of its release
from double emulsions was practically impossible process. One of the most commonly used
hydrophilic marker dye, which does not show the affinity for the oil/water interface adsorption
is the 1,3,6,8-pirentetrasulfonske acid sodium salt (PTSA) (Adachi et al., 2004; Surh et al.,
2007). The use of PTSA will indirectly allow the monitoring encapsulation yield (Y) of the
internal phase into multiple emulsion carriers.
The aim of this study was to investigate the influence of osmotic pressure regulators addition
on encapsulation yield (Y) of W/O/W emulsions with encapsulated water and ethanol garlic
extract and release of encapsulated material during time. Also, in this paper will be presented
comparison between W/O/W emulsions prepared by homogenization and stirred cell
membrane emulsification (ME) in terms of their impact on encapsulation efficiency, droplet
size and droplet size distribution.

MATERIAL AND METHODS
The oil phase was a mixture of sunflower oil (“Vital”, Vrbas, Serbia) and cold-pressed
pumpkin seed oil (“Suncokret”, Hajdukovo, Serbia) in mass ratio 1:1 as a optimal
composition of oil phase previously determined by multiobjective optimisation (Nikolovski et
al., in press). The oil soluble emulsifier was polyglycerol polyricinoleate (PGPR 90) kindly
provided by “Jaffa” (Crvenka, Serbia). For the preparation of the garlic extract, fresh garlic
was purchased at a local supermarket, while 95% ethanol (Zorka Pharma, (Šabac, Serbia))
was used for extraction. NaCl and D-(+)-glucose was purchased from Sigma Aldrich (UK).
The water soluble emulsifier was polyoxyethylene sorbitan monolaureate (Tween 20)
(HLB=16.7) and 1,3,6,8-Pyrenetetrasulfonic acid tetrasodium salt (PTSA) as a fluorescent
marker provided by Acros organics (Geel, Belgium).
Preparation of aqueous garlic extract: Fresh garlic bulbs (A. sativum L.) (90g) were mixed
with demineralised water (200g) and grinded in a blender for 15 min. The solids parts of the
garlic were removed by filtration through sterile gauze followed by centrifugation at 2400 rpm
for 30 min. The supernatant was filtrated through filter paper using vacuum pump (Heidolph
Instruments GMbH, Germany). Finally, the extract was stored in refrigerator at 4 °C.
Preparation of ethanol garlic extract: Fresh garlic bulbs (A. sativum L.) (300 g) were
chopped into small pieces, mixed with 95% ethanol (700 g) and left for 7 days in the dark
glass bottle protected from the light at room temperature, with occasional mixing. The solids
parts of the garlic were removed by filtration through sterile gauze followed by filtration under
vacuum (Heidolph Instruments GMbH, Germany). Finally, the extract was stored into dark
bottle.
Emulsion preparation: Double W/O/W emulsions were prepared by following a two step
procedure. First step was the preparation of water-in-oil (W/O) emulsions with encapsulated
water or ethanol extract of garlic by homogenization using a high speed homogenizer
(UltraturraxT-25, IKA, Germany) at 24000 rpm for 8 min. Continuous phases were prepared
by dissolving hydrophobic emulsifier (PGPR) in a mixture of pumpkin seed and sunflower oil
(mass ratio 1:1)) at 50°C by mixing on a magnetic stirrer for 30 minutes. Dispersed phases
were the aqueous garlic extract (with added 0.15M of NaCl) for preparation of water garlic
extract-in-oil (W/O) emulsions and the mixture of the ethanol garlic extract and water (with
added 0.15M NaCl) in mass ratio 1:1 for the preparation of the ethanol garlic extract/water-inoil (EW/O) emulsions.
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Figure 1. Experimental scheme of the stirred cell membrane emulsification apparatus

The second step was the preparation of double W/O/W emulsions by stirred cell membrane
emulsification (ME) or homogenisation at 3600 rpm for 10 min. The scheme of experimental
apparatus of ME is given on Fig. 1. The stirred cell ME was equipped with flat disc
membrane made of porous sintered glass pore size of Dp=10.2 µm, supplied by Kefo d.o.o.
(Ljubljana, Slovenia). The paddle-blade stirrer powered by motor LS (VELP Scientifica,
Usmate, Italy) providing the shear at the membrane surface.
Experimental procedure includes the injection of the dispersed phase (W/O emulsion)
through the membrane using compressed nitrogen (N2). Experiments were performed at
optimal impeller rotational speed of N=850 rpm and transmembrane pressure of ∆Ptm=20
kPa, obtained in previous study. The external water phase (W 2) was composed of 2% (w/v)
Tween 20, without or with addition of osmotic pressure regulator (glucose or NaCl). Glucose
was added in concentration of 0.15M and 0.3M, while salt was added in concentration of
0.075M and 0.15M for matching osmotic pressures of the ethanol garlic and water garlic
extract double W/O/W emulsion, respectively. Experiments were performed until the
dispersed phase content (φ) into double W/O/W emulsion had reached 20% (v/v).
After each experiment membrane was cleaned with a commercial detergent solution and
rinsed with hot demineralised water, with periodical immersion in ethanol or/and methanol
solution. The membrane was dried using compressed air and prior emulsification soaked in
continuous phase for 2h to make membrane surface hydrophilic.
Droplet size analysis
Double W/O/W were analysed after the preparation using a Malvern particle size analyser,
Mastersizer 2000 (Malvern Instruments, U.K.). Mean droplet diameter of the double
emulsions was expressed as a volume-weighted mean diameter D4,3, given by Eq. (1):
(1)
where ni is number of droplet i and di is the diameter of droplet i. The polydispersity of the
size distribution is expressed through the span value, defined by Eq. (2):
(2)
where D10, D50 and D90 are the particle diameters below which 10%, 50% and 90% of the
sample lies, respectively (Ushikubo and Cunha, 2014).
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Determination of encapsulation yield
The encapsulation yield (Y) of W/O/W emulsions was defined as a percent of water soluble
dye retained in the inner water phase. First, the calibration curve of absorbance versus
concentration of PTSA was prepared. The calibration curves (R2>0.998) was prepared by
dissolving of 0.0125% (w/v) of PTSA in external water phase without emulsifier and
measuring absorbance of diluted dye solutions using a UV-VIS spectrophotometer (HALO
DB-20S, Dynamica, U.K.) at 374 nm.
For yield determination, PTSA (0.3% w/v) was dissolved in the internal water phase and
double W/O/W emulsions were prepared as previously described. After emulsion preparation
and during storage time, samples of W/O/W emulsions were centrifuged for 30 min at 4500
rpm (at 20 °C) using a centrifuge (Univerzal 320R, Hettich, Germany) for emulsion phase
separation. An aliquot of each centrifugated sample was filtrated through 0.2 and 0.1 µm
syringe filter (Macherey-Nagel, Düren, Germany) to remove the residual oil after
centrifugation and their absorbance was measured at 374 nm. As a blank solution, samples
prepared in the same way from the W/O/W emulsions without dye in the internal water phase
were used. The concentration of PTSA in the external water phases of W/O/W emulsions
was determinated after preparation and during storage time from standard calibration curve
as an average result of three individual samples.
The entrapment yield (Y) was calculated using Eq. (3) (Surh et al., 2007):
(3)
where, Ci is concentration of PTSA encapsulated into internal water phase of W/O/W
emulsions, Ce is concentration of PTSA measured in the external water phase after
preparation and during storage time, φwo is the volume fraction of internal water phase in
W/O emulsions and φwow is the volume fraction of W/O droplets in the W/O/W emulsion.

RESULTS AND DISCUSSION
In this study the role of the active components that should be protected from environmental
influences and encapsulated at double emulsion carriers were water garlic and ethanol garlic
extract. The mentioned active ingredients were primarily used for the simple W/O emulsion
preparation, which than were used for preparation of W/O/W emulsions by two different
techniques: homogenization and stirred cell membrane emulsification.
Preparation of simple W/O emulsions with encapsulated water garlic extract implies the
usage of prepared extract as an internal water phase of double emulsions, stabilized with 4%
of PGPR, with added salt to increase the stability of internal droplets (Landfester, 2006).
However, previous study had shown that the preparation of W/O emulsions containing the
ethanol garlic extract requires their mixing with water phase (containing added salt (NaCl))
and usage a suitable selected emulsifier (4% of PGPR) (Ilić et al., 2015). In that way
prepared W/O emulsions were used for preparation of double W/O/W emulsions. Differences
in individual formulations were reflected as differences in external water phase composition,
i.e. addition of different osmotic regulator in W 2 for equalization of the osmotic pressures
between water compartments which are presented in Table 2.
Table 1. Droplet size and span number of different formulations of the W/O/W emulsions with
encapsulated water or ethanol garlic extract in internal water phase, prepared with different osmotic
regulators in W 2 and two different technique of emulsion preparation
Preparation
procedure
Homogenization

Osmotic
regulator in W2
no regulator
glucose
NaCl

Water garlic extract W/O/W
D4,3 [µm]
span [-]
54.76 ± 0.07
1.14 ± 0.001
58.86 ± 2.62
1.14 ± 0.020
65.93 ± 2.30
1.02 ± 0.021
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Ethanol garlic extract W/O/W
D4,3 [µm]
span [-]
58.81 ± 4.52
1.23 ± 0.017
39.80 ± 0.57
1.13 ± 0.031
54.88 ± 0.09
1.13 ± 0.007
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Stirred cell ME

glucose

54.66 ± 0.93

0.62 ± 0.018

57.77 ± 0.16

0.73 ± 0.003

Obtained droplet size and span value of double emulsions with encapsulated garlic extracts
prepared using homogenizer and stirred cell ME are given in Table 1. It can be observed that
droplet size of emulsions with water garlic extract as an internal water phase depends of the
external water composition, where the smallest droplets were obtained in formulation with no
matched osmotic pressure (54.76µm ± 0.07). However, the droplet size distribution (span
value) was similar in all formulation, because it was a parameter that mostly depends on
preparation procedure (Vladisavljević et al., 2004). The main goal of using a stirred cell ME
was to obtain emulsions with narrow droplet size distribution. By ME preparation procedure
at optimal conditions (N=850 rpm and ∆Ptm=20 kPa), a significant reduction of droplet size
was not achieved (D4,3=54.66µm ± 0.93) in comparison with homogenization, but the droplet
size distribution was significantly improved with a decrease of the span value up to 0.62 ±
0.02. A similar observation can be noticed when ethanol garlic extract was implemented into
double W/O/W emulsion. Usage of ME led to formation of oil droplets with span value of 0.73
± 0.003 in comparison with span values of about 1.2 obtained by homogenization.

Figure 2. The yield of PTSA after preparation and during storage time of W/O/W emulsions with
encapsulated water garlic extract prepared with different osmotic regulators in W 2 (glucose, NaCl and
without regulator) by homogenization (solid symbols) and stirred cell ME at N=850rpm and
∆Ptm=20kPa (open symbols)

Figure 3.The yield of PTSA after preparation and during storage time of W/O/W emulsions with
encapsulated ethanol garlic extract prepared with different osmotic regulators in W 2 (glucose, NaCl
and without regulator) by homogenization (solid symbol) and stirred cell ME at N=850rpm and
∆Ptm=20kPa (open symbol)
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Due to the complex composition of garlic extracts incorporated in the W/O/W emulsions,
PTSA dissolved in the internal water phase was used for estimation of encapsulated material
yield of the double emulsions. In Fig. 2, Y of double W/O/W emulsions was given with
encapsulated water garlic extract immediately after the preparation and during time. Also, the
influence of used emulsification technique for emulsion preparation on the Y was presented.
The yield of W/O/W emulsions prepared by homogenization (Fig. 2) was high (Y≥99%) in
formulation with matched osmotic pressures between water compartments with glucose,
while after two month of storage, 93.41% ± 0.9 of material still was retained in the internal
water phase. Usage of salt as an osmotic pressure regulator gave smaller initial yield
(91.89% ± 0.9), but release kinetic of encapsulated material was similar. Formulations
without balanced osmotic pressures showed significantly lower initial encapsulation efficiency
(76.6% ± 1.9) and higher release during time causing release of about 50% of encapsulated
material.
When ethanol garlic extract was implemented in the internal water phase, the yield of W/O/W
emulsions, given on Fig. 3, was 99.08% ± 1.3, 97.98% ± 1.6 and 99.35% ± 0.8 for emulsions
without matched osmotic pressures, glucose as osmotic additive and NaCl as osmotic
regulator, respectively. Release kinetics of encapsulated material was similar for all
investigated formulation and seemingly independent of osmotic pressures regulation.
Unexpectedly, after two month of storage encapsulation yield of emulsions prepared by
homogenization with no matched osmotic pressures was 83.59% ± 1.3, while Y of
formulation with added osmotic regulators was 77.77% ± 2.6 and 86.7% ± 0.9 for glucose
and NaCl, respectively.
The method for preparation strongly influenced on Y weather the double emulsions were
used as carriers of water or ethanol garlic extract (Fig. 2 and Fig. 3). Initial yield of
encapsulated material was similar for both techniques, but release was significantly slower
for emulsions prepared by ME, probably as a consequence of uniformity of droplet size
distribution and less coalescence of oil droplets. For emulsions with water garlic extract, after
60 days of storage, 97.55% ± 0.9 was still retained in the internal water phase, while for
emulsion with encapsulated ethanol extract retained fraction was 97.05% ± 0.2.

CONCLUSIONS
The initial encapsulation yield and release of the marker dye from W/O/W emulsions with
encapsulated water garlic extract depends on the addition and type of osmotic pressure
regulator in the external water phase.
When the ethanol garlic extract was implemented in the internal water phase, the yield of
W/O/W emulsions was similar for all investigated formulation and seemingly independent of
osmotic pressures regulation.
Method for preparation influenced the encapsulation yield and the droplet size distribution
weather the double emulsions were used as carriers of water or ethanol garlic extracts.
Encapsulation yield during time was significantly higher for emulsions prepared by ME in
comparison to homogenization.
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ABSTRACT
Molecular docking is a method which predicts the preferred orientation of one molecule to a second
when bound to each other to form a stable complex. Insight into ligand binding to the enzyme, active
site residues and their interactions, provide valuable information about the catalytic mechanism,
possible ways for enzyme inhibition or improvement of catalytic reaction through rational design of the
enzyme. In recent years, a great attention has been paid to discovery and synthesis of novel bioactive
peptides with angiotensin-I-converting enzyme (ACE) inhibition. Therefore, potential of the ACE
inhibition by milk dipeptides will be presented through molecular docking simulation. Threedimensional coordinates for the molecular structure of Angiotensin-I converting enzyme was retrieved
from Protein Data Bank data base. The geometry optimization of all compounds was carried out using
the MMFF94 force field with the Gasteiger-Marsili charges using the Powell conjugated gradient
algorithm method. Docking simulations were performed using the program Surflex-Dock with flexible H
atoms. According to our results, milk dipeptides inhibit ACE through zinc independent mechanism.
Among dipeptides, the highest ACE inhibitory activity has the peptides with TRP at their C-terminus.
This could be due to deep TRP position into the hydrophobic pocket at the end of the catalytic
channel, where it makes hydrophobic interactions with nonpolar residues. Furthermore, their polar
groups make polar interactions with catalytic GLU384 and other polar residues, which inhibit its
catalytic function. Dipeptides with low ACE inhibitory activity not enter the hydrophobic pocket, and
therefore do not make strong interactions with the enzyme.
Keywords: Molecular docking, ACE, Milk dipeptides

INTRODUCTION
In order to understand a protein’s function it is important to be able to predict and understand
the interactions a protein undergoes with other biomolecules. Molecular docking is a method
which predicts the preferred orientation of one molecule to a second when bound to each
other to form a stable complex. This method has two major parts: an algorithm creating
potential protein–ligand complex geometry (pose generation) and a function predicting the
binding affinity of the ligand to the protein based on the complex geometry (scoring). As a
result a large number of potential ligand poses are obtained, as well as docking score
(binding affinity). Insight into ligand binding to the enzyme, active site residues and their
interactions, provide valuable information about the catalytic mechanism, possible ways for
enzyme inhibition or improvement of catalytic reaction through rational design of the enzyme.
These interactions often give important hints on the protein’s function (Stockwell, 2004).
Moreover, small molecules can inhibit or activate protein functions and therefore, play a
dominant role in pharmaceutical research.
C-domain of mammalian somatic angiotensin-I converting enzyme (sACE) is mainly
responsible for Ang II formation (Fuchs et al., 2008; van Esch et al., 2005), which makes it an
important drug target in the treatment of cardiovascular diseases. Two histidine residues
positioned in the functional motif HEXXH and a third glutamate residue (distantly positioned)
bind the zinc atom, which acts as a cofactor (Coates, 2003). Residue Glu384 acts as the
catalytic base and protonates the amine product. In recent years, a great attention has been
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paid to discovery and synthesis of novel bioactive peptides with angiotensin-I-converting
enzyme (ACE) inhibition. Milk proteins have a leading role as a source of bioactive peptides
and ACE inhibitors (Iwaniak and Dziuba, 2009; Iwaniak et al., 2014). Therefore, the aim of
this research is to investigate ACE inhibition by milk dipeptides through molecular docking
simulation.

MATERIAL AND METHODS
An ACE inhibitory milk dipeptides database, containing the amino acid sequences and the
activities expressed as the concentration of the peptide (μM) necessary to inhibit the activity
by 50% (IC50), was constructed with data taken from the literature and the Biopep database
(Tab. 1) (Minkiewicz et al., 2008).
Table 1. Milk dipeptides used for the molecular docking analysis with their ACE inhibitory activity
Dipeptide
IC50 (µM)
Dipeptide
IC50 (µM)
YL
50
IR
695
AP
230
KR
380
FP
315
KW
1.63
FY
8
LW
50
IG
1200
RL
2439
MY
193
VM
120
VG
1100
VR
52
VY
4
VW
0.5
YP
120
YA
460
GA
2000
YG
1523
GL
2500
YW
4.15

The 3D structures of all dipeptides are constructed using Chemsketch, a chemically
intelligent drawing interface freeware (O'Boyle, 2010). Energy minimization was performed
using an MMFF94 force field, with the Gasteiger-Marsili charges using the Powell conjugated
gradient algorithm method with convergence criterion of 0.01 kcal/mol Å, using the maximum
iterations set to 1000.
The three-dimensional structure of Angiotensin-I converting enzyme (ACE, EC 3.4.15.1)
were retrieved from the Protein Data Bank data base (PDB ID: 4APH:A). Atomic charges
were assigned using the MMFF94 method. Protein structure was prepared for molecular
docking simulations using the following parameters: polar hydrogen atoms were added,
protonation types and termini treatment was enabled. Docking simulations were performed
using the program Surflex-Dock with flexible H atoms [Jain, 2003]. Obtained results were
visualized using the PyMol program (The PyMOL Molecular Graphics System). Using our
molecular docking protocol, Ang I was successfully re-docked with the crystal structure of
human sACE with an RMSD of 1.894 Å, which suggests that the appropriate methods were
used in the present study.

RESULTS AND DISCUSSION
Among the investigated dipeptides, the highest ACE inhibitory activities (Table 1) have those
with tryptophan at their C-terminus. Docking simulation of the VW dipeptide revealed that Trp
is positioned within the hydrophobic pocket at the end of the catalytic channel (Fig 1A). As
the simulation revealed, its high inhibitory activity is the result of the Trp hydrophobic
interactions between with Phe527 (3.80Å), Phe457 (4.32Å) and Tyr523 (3.50Å). Carboxil
group at the C-terminus makes H bonds with Gln281 (2.90Å), Tyr520 (2.95Å) and His513
(2.98Å). Furthermore, dipeptide VW makes ionic interactions with Lys511 (2.83Å). Free
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amino group makes ionic interactions with catalitic residue Glu384 (2.76Å), as well as H
bond with His383 (2.80Å). Amino acid Trp in dipeptide KW binds similarly compared with Trp
in dipeptide VW (Fig. 1B). Deep into the hydrophobic pocket it makes hydrophobic
interactions with Val380 (4.33Å) and Val379 (3.08Å). Furthermore, it makes ionic interactions
with Glu384 (3.12Å), as well as H bonds with Tyr520 (2.01Å) and His353 (2.18Å). Amino acid
Lis is stretched along the active site and makes polar interaction with His410 (3.17Å) at its
other end. Dipeptides YW and VY bind similarly with previously described peptides, (results
not shown).

Figure 1. Docking results of ACE (PDB ID: 4APH:A) (shown in brown and white) with selected milk
dipeptides (shown in green): A) VW, B) KW, C) IG, D) GL, E) IR. H-bonds and hydrophobic
interactions formed between residues and molecule are shown as dotted lines with yellow colour. The
nonpolar hydrogen atoms are removed for clarity

In the obtained docking simulation, dipeptides with the lowest ACE inhibitory activity were not
positioned into the hydrophobic pocket and did not make hydrophobic interactions with the
active site of the enzyme. These dipeptides mostly contain glycine are the shortest among
the investigated dipeptides. Dipeptide IG is the weakest inhibitor among the dipeptides (Fig.
1C). It doesn’t make hydrophobic interactions with the enzyme, which explains its weak
inhibitory activity. It makes H bonds with His353 (3.07Å), Tyr520 (2.94Å) and Gln281 (2.93Å),
as well as ionic interactions with catalytic Glu384 (3.02Å) and Lys511 (3.07Å), which makes
it a specific inhibitor for ACE. Dipeptide GL also makes electrostatic interactions with Glu384
(2.97Å) and doesn’t make hydrophobic interactions with the enzyme (Fig. 1D). Also, it makes
H bond with His383 (3.67Å). Although dipeptide IR contains hydrophobic amino acid Ile, it
has short hydrophobic chain. Therefore, it makes weak hydrophobic interactions with
residues at the end of catalytic channel, which results in low ACE inhibitory activity.
Molecular docking simulation of IR into the enzyme active pocket revealed its binding into the
hydrophobic pocket by Ile amino acid (Val380 (3.61Å) and Val379 (3.60Å)). Furthermore,
through Arg amino acid it makes electrostatic interactions with Lys511 (2.81Å), Tyr520
(3.18Å) and catalytic Glu384 (2.79Å) (Fig. 1E).
Results of scoring function revealed ligands binding affinities to the enzyme (Tab. 2).
Peptides with high inhibition have high total scores. Although total score of dipeptide KW is
slightly higher than VW, its IC50 value is lower compared to VW. This could be the result of
polar interaction contribution to the scoring function that should be taken with caution when
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the inhibition mechanism is mostly depended on hydrophobic interactions. Dipeptides with
the lowest total score have the lowest IC50 values. These results indicate that total score
values correlates with experimental IC50 values and could be reliable parameter for prediction
of inhibitory activity.
Results obtained it this research could be used in further investigations and should provide a
framework for design of new ACE inhibitory peptides as drug candidates.
Table 2. Molecular docking results of selected dipeptides obtained by SurflexDock scoring function
Dipeptide
Total score
IC50 (µM)
VW
13.34
0.5
KW
13.71
1.63
YW
12.44
4.15
VY
11.78
4
IG
8.73
1200
GL
8.31
2500

CONCLUSIONS
Docking simulation of the VW dipeptide revealed that Trp is positioned within the
hydrophobic pocket at the end of the catalytic channel, which is responsible for its high
inhibitory activity. Amino acid Trp in dipeptide KW binds similarly compared with Trp in
dipeptide VW. In the obtained docking simulation, dipeptides with the lowest ACE inhibitory
activity were not positioned into the hydrophobic pocket and did not make hydrophobic
interactions with the active site of the enzyme. These dipeptides mostly contain glycine,
which doesn’t make hydrophobic interactions with the enzyme. Total score values correlates
with experimental IC50 values. Obtained results could be used in further design of ACE
inhibitory peptides as drug candidates.
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ABSTRACT
Although not essential, betaine is an important nutrient which strongly affects general human health by
performing several significant physiological roles in human organism. Primarily, betaine acts as an
osmolyte and protects the cells from osmotic stress and allows waste product concentration in urine.
Secondarily, betaine is a methyl donor in transmethylation reactions. The later physiological function
has been related to numerous health benefits betaine has been claimed for: reduced risk for
cardiovascular, hepatic and cerebral diseases.
Even though it is thought that betaine deficiency is not common in general population of western
nations, recent surveys inferred that betaine intake is likely to be on a low side. Elderly population
(aged >50 years) or other vulnerable populations (diabetic and homocystinuria patients), may be at a
higher risk of inadequate intake. Food enrichment with betaine may be one of the feasible ways to
improve the betaine status in general population.
In this study, it was investigated the effect of fortifying cookies with increasing betaine levels (5003000 mg/100 g flour) on the cookie quality traits. Most cookie quality attributes (spread, height gain,
hardness, fracturability) were not significantly affected by rising betaine levels. It was observed that
increasing betaine doses contributed to more prominent vividness and yellow color intensity of upper
cookie surface. Sensory evaluation revealed that there were no differences in the perception of texture
within the enriched cookies but somewhat better ratings were received for cookies with lower
fortification levels (500-1000 mg/100 g flour) regarding taste, total quality and acceptability. This is
most probably due to perception of aftertaste (slight burning sensation) at higher levels of enrichment.
The enriched cookies were 7-40 times higher in betaine in comparison to the control sample. The
estimated betaine loss during baking ranged from 17-29%.
Keywords: betaine, cookies, quality, enrichment,dietary intake

INTRODUCTION
Nowadays, consumers are drawing more attention on the health aspects of foods in addition
to classical, quality and nutritional issues. This attitude has contributed to the growth of
functional food market. Functional foods are foods intended to be consumed as a part of a
normal diet that claim to improve wellbeing or health. Examples of functional foods include
foods that contain specific minerals, vitamins, fatty acids or dietary fiber, and foods with
added biologically active substances.
In the study of van Kleef et al. (2005), it was shown that consumers tend to prefer functional
food concepts that primarily communicate disease-related health benefits in carriers with a
healthy image or health positioning history and that consumer evaluations primarily differ to
the extent that health claims are personally relevant in addressing an experienced disease
state. Consequently, the concepts of “functional foods” and “health claims” are
complementary and mutually associated. Development of food formulations eligible to bear a
health claim poses a considerable challenge to food technologists.
Betaine is a natural compound first derived from sugar beet. Later, it was found in many
organisms (bacteria, plants, invertebrates, mammals). In mammals, betaine performs dual
roles: a) it preserves osmotic equilibrium and maintains the structure of tissues in the kidney;
b) it is a methyl donor which is important for homocysteine metabolism (Craig, 2004). The
later role has been associated with the ability of betaine to reduce levels of circulating
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homocysteine in human organism which captured substantial attention of nutritionists.
Plasma homocysteine is a biomarker for elevated vascular disease risk (Bates et al., 2010 in
Ross 2014). A betaine-rich diet has been implied to efficiently lower the cardiovascular risk
by reducing plasma homocysteine (Olthof et al., 2003). Food rich in betaine includes sugar
beet, beet molasses, wheat bran and germ, spinach, bread and shrimps (Craig, 2004).
Human may also obtain betaine from foods rich in choline (Craig, 2004). However, studies
aimed to estimate the dietary intake of betaine showed large national, international and
gender variations among populations investigated and reported mainly low daily intakes
(>150 mg/day). Health effects may be expected at betaine daily intakes of 1500 mg and
higher (Commission Regulation, 2012). Food enrichment with betaine has been proposed as
a more practical and sustainable way to increase betaine intake than modification of dietary
patterns that require planning of diets based solely on food naturally rich in betaine (Atkinson
et al., 2009).
This work was aimed to investigate the effects of betaine incorporation into classical tea
cookie formulation. High enrichment levels were considered in order to reach betaine content
in cookie high enough to enable a health claim to be made on the product. According to EU
legislation, health claim related to contribution of betaine to normal homocysteine
metabolism, can be made on foods containing at least 500 mg betaine per serving providing
that the daily intake of betaine is 1500 mg (Commission Regulation, 2012). Besides the
analysis of general quality attributes such as physical, textural, sensorial and color
properties, the content of betaine and betaine loss during baking were also investigated.

MATERIAL AND METHODS
Sample preparation
The cookies were produced according to the formula (based on flour): wheat flour type 400
(100 g), trans-free vegetable fat (32.5 g), sugar (31.1 g), water (1.1 g), sodium bicarbonate
0.35-g and ammonium bicarbonate 0.20 g. Betaine was added at following doses (on flour
basis): 0.5, 1.0, 2.0 and 3.0 g. All the ingredients were blended together in a bowl using a
kitchen mixer for 7 min. After a homogenized dough was formed, it was left to rest for 10 min.
Finally, dough was sheeted using a dough laminator to a thickness of 4.5 mm. Cookies were
shaped with a hand cutter (dimensions 35 x 37 mm) and baked at 170 C for 8 min.
Objective and sensory evaluation of cookies was carried out 24 h after baking.
Methods
Betaine content in the cookies was determined on HPLC equipped with a Kinetex column
and ELSD detector. Method of extraction and detailed analytical parameters are given in
Filipčev et al. (2015).
Cookie dimensions were determined using a digital calliper. Spread was determined as a
ratio of widht and height. Cookie texture was determined on a texture analyser TA-XTplus
(Stable Micro Systems, England) using the 3-point bending rig.
Color properties were measured using a Minolta Chromameter (CR-400, Japan) at standard
observation angle of 2 and illuminant D65. The results were expressed according to CIE
Lab color system - L* lightness (black 0/white 100); a* (green-/red+); b* (blue-/yellow+).
Measurements were made on top surface at five points in “X” pattern.
Sensory analysis was carried out with a 6-member panel. The panel consisted from
experienced and trained panelists recruited from the staff of the Institute of Food Technology
(Novi Sad, Serbia). The panelists scored the biscuits for flavor, aftertaste, texture, and overall
quality using a 5-point scale where 5 represented the highest intensity and 1 represented the
lowest intensity of the attribute. Flavor described the aromatic notes associated with those
typical of cookies. Aftertaste was related to non-typical aromatic notes or sensations (here
specifically it was described as a slight burning sensation in the mouth). Texture was
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evaluated as fracturability in the mouth, i.e. force necessary to break a cookie into crumbs.
Overall quality included the general evaluation of cookie quality including its appearance,
color, texture, flavor and aftertaste. Score 5 indicated very good quality and 1 very poor
quality.
One-way ANOVA was used to analyse the effect of betaine addition on the cookie
quality.Tukey’s test was used to differentiate means at a significance p<0.05. Statistica 12
from StatSoft (Tulsa, Oklahoma) software was used to analyse data.

RESULTS AND DISCUSSION
The formulation of a classical cookie was enriched with betaine at 4 levels (Table 1). Taking
into consideration the proportion of other ingredients in the cookie formulation, the magnitude
of baking loss and assuming that no other ingredient was considerable source of betaine, it
was calculated the expected content of betaine in the cookies. From the difference between
the expected and analytically derived values, the loss of betaine was approximated. It ranged
from 17.4-28.6% which is somewhat higher than losses found by de Zwart et al. (2003), who
reported that 17% less betaine remained in scones after baking.
Table 1. The content of betaine in the enriched cookies
Cookie samples
F0
F1
Enrichment level (mg betaine/100 g
500.0
flour)
Expected betaine content in the cookies
359.0
by calculation (mg/100 g)
Betaine content in the cookies
35.4
268.9
analytically measured (mg/100 g)
Approximate betaine loss (%)
25.1

F2

F3

F4

1000.0

2000.0

3000.0

624.2

1235.8

1951.4

515.4

882.3

1400.9

17.4

28.6

28.2

F0-control cookie (without added betaine); F1-cookie enriched with 0.5 g betaine /g 100 flour; F2- cookie enriched
with 1.0 g betaine /g 100 flour; F3- cookie enriched with 2.0 g betaine /g 100 flour; F4- cookie enriched with 3.0 g
betaine /g 100 flour.

Cookies prepared according to formulations F3 and F4 may potentially be eligible to bear the
health claim related to homocysteine metabolism (Commision Regulation EU 432, 2012)
since relatively reasonable cookie portions (60 g of F3 cookies or 40 g of F4 cookies) could
provide 500 mg betaine.
Table 2. Physical properties and texture of betaine enriched cookies
Cookie samples
Parameter
F0
F1
F2
Average diameter
а
b
c
37.01
37.97
39.11
(mm)
a
a
a
Spread
4.21
4.43
4.47
a
a
a
Height gain (%)
+94.9
+88.5
+90.9
a,b
a,b
a
Hardness (kg/mm)
0.100
0.100
0.080
a
a
a
Fracturability (mm)
39.69
39.56
39.81

F3

F4

38.71
a

c

4.46
a
+97.3
b
0.110
a
39.64

39.07

c

a

4.59
a
+86.4
a,b
0.100
a
39.80

a,b,c..

Means in a row denoted with different superscript letters are significantly different (p<0.05).
F0-control cookie (without added betaine); F1-cookie enriched with 0.5 g betaine /g 100 flour; F2- cookie enriched
with 1.0 g betaine /g 100 flour; F3- cookie enriched with 2.0 g betaine /g 100 flour; F4- cookie enriched with 3.0 g
betaine /g 100 flour.

Addition of increasing betaine amounts to cookie formulation caused an increase in average
diameter from 37 to 39 mm (Table 2). Average height gain ranged from 86% to 97%. Cookie
spread increased with higher betaine content but statistical significance was not shown
between the formulations. Hardness and fracturability of cookies was also not affected by
betaine enrichment.
48

III International Congress “Food Technology, Quality and Safety”

90
80
70
60
50
40
30
20
10
0
F0

F1

F2

F3

F4

L*
a*
b*
C*

Figure 1. Color changes in the top surface of betaine enriched cookies
(F0-control cookie (without added betaine); F1-cookie enriched with 0.5 g betaine /g 100 flour; F2- cookie
enriched with 1.0 g betaine /g 100 flour; F3- cookie enriched with 2.0 g betaine /g 100 flour; F4- cookie enriched
with 3.0 g betaine /g 100 flour)

Color changes in the cookie top surface are presented in Fig. 1. Betaine enrichment caused
only slight changes in the color properties: intensity of the yellow tone (b*) and tone
colorfulness (C*) showed small increase whereas red tone (a*) was not affected. Also,
changes in the lightness (L*) did not differ significantly and did not follow a meaningful trend.
Fig. 2 reveals the mean sensory ratings for the cookie samples whereas Fig. 3 depicts their
appearance. No significant differences were noted among the samples for texture, overall
acceptability and quality (Fig. 2).

Figure 2. Sensory properties of betaine enriched cookies
(F0-control cookie (without added betaine); F1-cookie enriched with 0.5 g betaine /g 100 flour; F2- cookie
enriched with 1.0 g betaine /g 100 flour; F3- cookie enriched with 2.0 g betaine /g 100 flour; F4- cookie enriched
with 3.0 g betaine /g 100 flour)
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Flavor was highly scored for the control cookie and cookie enriched with the lowest betaine
content. At the highest betaine enrichment levels (2-3 g per 100 g flour), flavor was rated
lower which was mostly due to perceived aftertaste. When evaluated separately, the
aftertaste was not found to render the cookies unfit for consumption.

Figure 3. Appearance of betaine enriched cookies

CONCLUSIONS
The data demonstrated that cookie enrichment with betaine at 0.5, 1, 2 and 3g /100 g flour
did not significantly affect the physical properties and texture of the cookies. Color of the
cookie top surface was influenced by betaine addition; the intensity of yellow tone and color
vividness was increased. Sensorial quality of the betaine enriched cookies was not
significantly different from the control in terms of texture, overall quality and acceptability
although cookies at high enrichment levels (2 and 3 g betaine) were scored somewhat lower
for flavor due to perception of slight aftertaste.
Betaine content in the enriched cookies ranged from 269 to 1400 mg/100 g. Betaine loss
during baking was estimated to range between 17-28%. Higher enrichment levels (2 and 3 g
betaine) were found suitable for the design of cookies for which EU approved health claim
can be made related to the beneficial effect of betaine on homocysteine metabolism.
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ABSTRACT
Compared to conventional wheat products, spelt wheat has shown to be a suitable raw material for
flour based products characterized by altered nutritional characteristics and health benefits. This paper
deals with the chemical and mineral composition of sesame and spelt flour. The influence of sesame
flour on dough for pasta making characteristics is presented by rheological parameters. Post-hoc
Tukey’s HSD test at 95% confidence limit showed significant differences between sesame and spelt
flour. Sesame flour has a superior mineral content compared to spelt flour, characterized with high
concentrations of Ca, Zn, Cu and Fe (1906.5, 48.7, 13.82 and 85.22, respectively). In pasta formula
sesame flour was replacing spelt flour in the quantities of 0%, 10% or 20%. Addition of sesame seed
adversely influenced mixolab data. Pertinent data point at positive contribution of sesame seed to the
mineral content of pasta dough with values that meet human daily needs of minerals.
Keywords: sesame, spelt, mineral content, rheology

INTRODUCTION
Spelt (Triticum aestivum var. spelta), is one of the oldest cultivated grains, preceded only by
Emmer (T. dicoccum) and Einkorn (T. monococcum). For a long time it remained forgotten,
but later it was noted again and appreciated (Biel et al., 2016). Some of spelt cultivars have
very high protein content and even 30 to 60% higher concentration of mineral elements: Fe,
Zn, Cu, Mg and P compared to Triticum aestivum. Spelt have shown potential in various food
applications (Filipović et al., 2013, Filipović et al., 2014). Sesame (Sesamum indicum L.) is
an oleaginous plant with a high nutritional value along with a high amounts of proteins rich in
sulfur-amino acids, essential fatty acids, vitamins and minerals such as Mn, Cu, Ca, Mg, Fe
and P (Zebib et al., 2015, Gharvy et al., 2015). Sesame seeds are also excellent sources of
B-complex vitamins. Sesame seeds proved to have health benefits such as reducing LDLcholsterol in the blood and the blood pressure, descreasing risk of cancer and cardiovacular
diseases and improving DNA synthesis (Gerstenmeyer et al., 2013, Nikmaram et al., 2015,
Nikmaram et al., 2016).
This paper investigates chemical and mineral composition of sesame and spelt flour and
influence of sesame flour on mixolab parameters of quality of dough for pasta making.

MATERIALS AND METHODS
In this experimental investigation following materials were used: whole meal organic spelt
flour, yealed in the year 2015 in Serbia and sesame seed from organic production,
purchased in an organic food store in Novi Sad.
Basic chemical analyses (protein, starch, lipid, sugar and cellulose) of spelt flour and sesame
flour were determined according to Official methods of AOAC (2000) and mineral content
(Ca, Zn, Cu, Mn and Fe), according to methods practiced in accredited FINS Laboratory Novi
Sad 2011. Sesame flour was replacing spelt flour in the quantities of 0%, 10% or 20%.
Rheology of samples was defined by Mixolab (Chopin, Tripette et Renaud, Paris, France).
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Descriptive statistical analyses for the entire obtained chemical, mineral and mixolab
parameters were expressed as the mean ± standard deviation (SD). Collected data were
subjected to one-way analysis of variance (ANOVA) for the comparison of means, and
significant differences were calculated according to post-hoc Tukey’s HSD (honestly
significant differences) test at p<0.05 significant level, 95% confidence.

RESULTS AND DISCUSSION
The main chemical composition of wholemeal spelt and sesame flour is presented in Table 1.
Water content of spelt flour and sesame flour were 12.92±0.49% and 5.94±0.51%
respectively. ANOVA test shows statistically significant differences (p<0.05 level, 95%
confidence limit) in protein, starch, lipids and cellulose content among the values of spelt and
sesame flour, while there are no statistically significant differences in the values of sugar
content, Table 1. This indicates that the sesame flour has significantly higher lipid, protein
and cellulose content compared to spelt flour. Data from Table 1 are indicating that sesame
seed could be used as a good source of proteins and lipids in the diet, the same as in
researches of Alobo (2001).
Table 1. Selected components of chemical profile of spelt flour and sesame flour
Spelt Flour
Sesame Flour
Content (% d.m.)

Carbohydrates

a

Sugars

1.68±0.05

Starch

61.48±2.76

Cellulose

2.38±0.72

a

1.54±0.10
a

a

Protein

14.60±1.05

Lipids

3.54±0.43

a

b

2.88±0.57

b

8.80±1.61
a

24.83±3.11

b

56.13±0.61

b

The results are presented as mean±SD; different letter within the same row indicates
significant differences (p<0.05), according to Tukey’s test, number of repetitions: n=3.
Table 2 shows the mineral content of spelt flour and sesame flour. The differences in
minerals (Ca, Zn, Cu, Mn, Fe) are found to be statistically significant (p<0.05 level, 95%
confidence limit) between spelt and sesame flour. Table 2, confirms previous researches
(Obiajunwa et al., 2005) that sesame seed is rich source of essential minerals (calcium, zinc,
copper and iron). Data from Table 1 and 2 indicate that sesame seed can be used for
functional food production due to increasing nutritional value.
Table 2. Mineral profile of spelt and sesame flour
Spelt Flour
Content (mg/kg)
Ca

251.92±6.5

a

Zn

18.77±1.03

a

Cu

3.37±0.71

Mn

39.37±2.09

a

Fe

27.22±2.26

a

a

Sesame Flour
b

1906.5±15.01
48.7±2.05

b
b

13.82±3.19
b
16.36±1.26
85.22±4.13

b

The results are presented as mean±SD of three repetitions
Different letter within the same row indicates significant differences (p<0.05), according to Tukey’s test

Based on the analyses of the mixolab data of samples with 0, 10% and 20% of sesame flour,
ANOVA test showed that the addition of sesame flour (in quantities of 10% and 20%)
statistically significantly decreased: water absorption and speed of weakening protein
network due to warming. Adding sesame flour (in quantities of 10% and 20%) contributed to
statistically insignificantly decreased dough elasticity and stability and speed of starch
gelatinization, while addition of sesame flour statistically significantly decreased maximum
torque, speed of enzymatic degradation, and retrogradation of starch. It also statistically
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insignificantly affected the incerase of dough development. Addition 10% and 20% sesame
flour reduced speed of gelatinization of starch, which indicates the addition of sesame seed
leads to the decreased stability of network. It can be expected that pasta making process
would need some corrections.
Table 3. Mixolab data of whole meal spelt flour with added sesame
Quantity of sesame flour (%)
0%
10%
a
b
Water absorption (%)
53.11±1.08
46.14±2.10
a
a
Dough development (min)
1.06±0.05
1.14±0.41
a
a
Dough elasticity (Nm)
3.65±0.71
3.00±0.45
a
a
Dough stability (min)
0.06±0.04
0.07±0.05
Speed of weakening protein networks due to warming
a
b
5.28±0.17
3.17±0.26
(Nm/min)
a
ab
Maximum torque (Nm)
0.32±0.04
0.27±0.03
a
a
Speed of starch gelatinization (Nm/min)
1.88±0.80
1.04±0.36
a
a
Speed of enzymatic degradation (Nm/min)
1.61±0.17
1.51±0.25
a
ab
Warm paste stability (Nm)
2.9±0.61
2.51±0.45
a
b
Retrogradation of starch (Nm)
-0.068±0.004 -0.054±0.001

20%
c
42.21±1.75b
a
1.12±0.25
a
2.32±0.61
a
0.05±0.04
1.67±0.09

c
b

0.19±0.07
a
1.26±0.54
b
0.88±0.30
b
1.32±0.49
b
-0.048±0.005

The results are presented as mean±SD of three repetitions
Different letter within the same row indicates significant differences (p<0.05), according to Tukey’s test

CONCLUSIONS
Based on investigated data, it can be concluded that spelt and sesame flour differs in
chemical and mineral profile. Sesame flour is rich in protein (24.83 % d.m.) and lipid (56.13
% d.m.) and has superiour mineral profile compared to spelt flour. Sesame flour contains
important minerals in high concentrations (Ca, Zn, Cu and Fe 1906.5, 48.7, 13.82 and 85.22,
respectively). Sesame can be used to produce a functional food enriched with mineral
elements which meet human daily needs. Addition of sesame flour (10% and 20%) to spelt
flour is adversely influencing pasta dough rheology.
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ABSTRACT
The objective of this work was to investigate the survival of autochthonous potential probiotic bacteria
Lactobacillus paracasei Z8, Lactobacillus gasseri CC 7710 and commercial Lactobacillus acidophilus
LA 05 and the influence of omega-3 PUFAs, on the sensory quality of yoghurt.
®
Experimental yoghurt variants were produced using yoghurt starter culture YoFlex (Chr. Hansen,
Denmark) and potential probiotic: Lb. paracasei Z8 (Culture Collection of the Department for Food
Microbiology, Faculty of Agriculture, University of Belgrade), Lb. gasseri CC 7710 (Czech Collection of
Microorganisms) and commercial Lb. acidophilus LA 05 (Chr.Hansen, Denmark). For each probiotic
strain three variants of yoghurt were produced 1. without omega-3 PUFAs; 2. with 100mg/l omega-3
PUFAs; 3. with 200 mg/l omega-3 PUFAs. Viability of probiotics and sensory evaluation were
observed for 3 weeks.
8
9
The amount of Lb. paracasei Z8 was 10 -10 cfu/ml during storage. Cell counts of Lb. gasseri CC 7710
7
8
and Lb. acidophilus LA 05 maintained at the level 10 -10 cfu/ml. Addition of both concentrations of
omega-3 PUFAs did not significantly affect on the sensory quality of yoghurt, especially those which
were produced with Lb. paracasei Z8. Average sensory scores of yoghurt produced with probiotic
strains were ranged 4.06-4.99, which corresponds to 81.20 - 99.80% of the maximum quality.
Results indicate that autochthonous potential probiotic strains can be successfully used in the
production of yoghurt fortified with omega-3 fatty acids as a new functional dairy product.
Keywords: potential probiotic bacteria, yoghurt, polyunsaturated omega-3 fatty acids, sensory quality

INTRODUCTION
Increasing consumer concerns about health, as well as inadequate nutrition, have led to
great interest in foods enriched with additional functional components, referred to as
functional foods. Particular importance is devoted to the functional food with probiotic
bacteria. Different dairy products with probiotic bacteria, especially fermented milk such as
yoghurt, represent the most popular functional food.
Probiotic bacteria are live microorganisms, which applied in adequate amounts exert positive
effects on human health (FAO / WHO, 2001). Genus of Lactobacillus sp. and Bifidobacterium
sp. has achieved the greatest use as probiotic bacteria in the production of different
functional food. However, it was established that a number of lactic acid bacteria (LAB),
isolated from different background (fermented vegetable products, traditional dairy products,
fermented sausages, etc.) could have probiotic properties. Autochthonous LAB isolated from
traditional cheeses, represents a huge potential for the selection of the new strains which
may posses probiotic properties.
Beside probiotic bacteria, functional food can be enriched with other additional components
such as long chain omega-3 polyunsaturated fatty acid (omega-3 PUFA). Fish oil is one of
the dominant dietary source of omega-3 PUFA, which consist mainly of dososahexaenoic
acid (DHA C22:6) and eicosapentaenois acid (EPA C20:5). Studies have showed that
omega-3 PUFA have beneficial health effect on consumers, such as prevention of
hypertension, Crohn’s disease, cancer, diabetes type 2, cardiovascular disease, but also
omega-3 PUFA improve the development of the brain, testis and retina (Simopoulos et al.,
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1999; Connor, 2000; Banning, 2005). The recommended minimal average intake of omega-3
PUFA (EPA+DHA) by European Academy of Nutritional Science is 0.2 g per day (Ruxton et
al., 2004). Due to relatively low consumption of fish in many development countries,
innovative ways has been developed to elevate a proper intake of omega-3 PUFA by
consumption of various functional food with fortified with fish oil (Kolanowski and Laufenberg,
2006).
It is known that yoghurt with probiotic bacteria represent very good base for the addition of
other bioactive supplements. Furthermore, several studies have shown that yoghurt could be
very good medium for the incorporation of fish oil, since this dairy product is resistant to
oxidation (Nielsen et al., 2009). However, there is a little literature data about the possibility
of the production of yoghurt enriched with probiotic bacteria and omega-3 PUFA.
Therefore, the objective of this study was to examine the viability of the autochthonous
potential probiotic bacteria Lactobacillus paracasei Z8, Lactobacillus gasseri CC 7710 and
commercial probiotic bacteria Lactobacillus acidophilus LA 05 in yoghurt fortified with fish oil
and their influence on sensory quality of yoghurt during 21 days of storage.

MATERIAL AND METHODS
Materials
For the production of experimental yoghurt, starter culture YoFlex® (Chr. Hansen, Denmark)
was used, as well as potential probiotic bacteria Lb. paracasei Z8, which was isolated from
white brined cheese (Radulović et al., 2010), Lb. gasseri CC 7710 which is human origin,
isolated in the Laboratory of Institute of Dairy Science and Probiotics, Department of Animal
Science, Biotechnical Faculty, University of Ljubljana, and commercial probiotic Lb.
acidophilus LA 05 (Chr. Hansen, Denmark). All strains were cultured in MRS broth (Merck,
Germany) and incubated at 37 °C for 24 h. Purified fish oil contained ca 300 g kg -¹ omega-3
PUFA (DSM, Switzeland).
Yoghurt production
Milk was heat-treated at 92-94 °C for 10 minutes, cooled down to 42 °C and inoculated with
yoghurt starter cultures (1 mL/100mL). Potential and commercial probiotic cultures were
added in order to achieve 108 cfu/mL. After the cultures addition, each inoculated milk with
probiotic culture was divided in three equal parts: control variant without omega-3 PUFA, one
experimental variant with 100 mg/L omega-3 PUFA and second experimental variant with
200 mg/L omega-3 PUFA. Experimental variants of yoghurt were incubated at 42 °C until the
pH values was around 4.5, after which the experimental yoghurt was put in 500 mL plastic
bottles and stored at 4 °C for 21 days.
Viability of probiotic bacteria in yoghurt
Ten mL of each experimental yoghurt variant was weighted aseptically, transferred in sterile
saline solution (0,9% NaCl) and homogenized for 2 minutes using Lab Blender 400
stomacher (Seward, UK). Appropriate dilution of samples was plated on MRS agar (Merck,
Germany) for cell enumeration of probiotic bacteria and incubated under anaerobic
conditions at 30 °C for 48 hours. Sampling was carried out after 1, 7, 14 and 21 days of
storage. All analysis was carried out in triplicates.
Sensory analysis of yoghurt
Sensory analysis of all variants of yoghurt, were conducted by a panel of five members.
Yoghurt was evaluated after 1, 7, 14 and 21 days of storage. Panel members evaluated
yoghurt for appearance, color, consistency, odour and taste using a 5-point scale, with 1
being the worst and 5 the best quality. Depending on the importance of attributes, they were
multiplied by 3, 1, 4, 2 and 10, respectively. The total sensory quality (100) was expressed as
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a percentage of the maximum quality. The samples were equilibrated at 20 °C for an hour
before they were scored.

RESULTS AND DISSCUSION
Viability of probiotic bacteria
The cell number of probiotic bacteria Lb. paracasei Z8, Lb. gasseri CM 7710 and Lb.
acidophilus LA 05 in yoghurt without and with omega-3 PUFA are shown in figure 1, 2 and 3,
respectively.

Figure 1. Viability of potential probiotic bacteria Lb. paracasei Z8 during yoghurt storage

Figure 2. Viability of probiotic bacteria Lb. gasseri CM 7710 during yoghurt storage
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Figure 3. Viability of probiotic bacteria Lb. acidophilus LA 05 during yoghurt storage

In all experimental variants of yoghurt with potential probiotic bacteria Lb. paracasei Z8, the
initial count of probiotic bacteria was above 108 cfu/mL and it maintained during the whole
storage period. Likewise, the number of probiotic cells of Lb. gasseri CM 7710 and Lb.
acidophilus LA 05 was above 108 cfu/mL. The high rate of probiotic cell number maintained
during the storage. Furthermore, no significant differences were found between yoghurt with
probiotic bacteria and different concentrations of omega-3 PUFA.
It was stated that minimal concentration of probiotic bacteria should be at the level of 107
cfu/g or mL in the moment of intake to assure a therapeutic impact on consumer health (De
Vuyst, 2000). Thus, at the end of storage, all variants of yoghurt, without and with omega-3
PUFA, had an acceptable level of probiotic bacteria. Also, it is important to emphasize that
omega-3 PUFA did not affect on the number of probiotic bacteria.
There are little data in literature regarding the relations of probiotic bacteria and omega-3
PUFA. However, authors Song et al. (2011) produced chocolate with probiotic bacteria and
omega-3 PUFA. In this study, viability of probiotic bacteria was higher in chocolate with
omega-3 PUFA during 30 days of storage. Furthermore, potential probiotic bacteria Lb.
plantarum 564 maintained at the level of 108 cfu/mL in yoghurt with 100 mg/L and 200 mg/L
omega-3 PUFA during 21 days of storage (Radulović et al., 2014).
Sensory evaluation of yoghurt
The results of sensory analysis of probiotic yoghurt with and without omega-3 PUFA are
presented in Table 1.
All variant of yoghurt with probiotic bacteria and omega-3 PUFA were described as products
with very acceptable sensory properties and they were evaluated with high scores. Probiotic
yoghurt with and without omega-3 PUFA had very similar scores for appearance, color and
consistency, while scores for odour and taste were different between probiotic yoghurt. The
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yoghurt variant with potential probiotic bacteria Lb. paracasei Z8 were evaluated with the
highest scores (88.20-99.80% of maximum quality) compared to probiotic yoghurt with Lb.
gasseri CM 7710 (82.80-99.40% of maximum quality) and Lb. acidophilus LA 05 (81.2095,75% of maximum quality), as well as with variants with omega-3 PUFA. However,
probiotic yoghurt with Lb. gasseri CM 7710 and Lb. acidophilus LA 05 were also scored with
percentage of maximum quality above 85% during storage and they were described as
acceptable product.
Based on the results, it can be noticed that probiotic bacteria and omega-3 PUFA didn’t
affect on the sensory quality of final product during storage period.
Kolanowski and Weibrodt (2007) showed that the addition of 0.3% of fish oil in flavored
yoghurt resulted in a product with very acceptable sensory properties. In the study of
Radulović et al. (2014), the yoghurt with potential probiotic bacteria Lb. plantarum 564 and
omega-3 PUFA had very high sensory quality. Nevertheless, one portion of this yoghurt (250
mL) could provide 25-50 mg of omega-3 PUFA, which is 10-20% of RDA.
Table 1. Sensory analysis of yogurt with probotic bacteria and omega-3 fatty acids during 3 weeks of
storage
%
of
Probiotic
Days
Appear.
Color
Consist.
Odour
Taste
Max.
quality
1
5.0±0.0
5.0±0.0
4.2±0.35
4.7±0.27
4.6±0.22
94.20
Lb.
7
5.0±0.0
5.0±0.0
5.0±0.0
5.0±0.0
4.0±0.06
96.00
paracasei
14
5.0±0.0
5.0±0.0
4.8±0.25
4.7±05
4.3±0.43
95.62
Z8
21
5.0±0.0
5.0±0.0
4.9±0.22
4.7±0.44
4.5±0.48
96.52
1
5.0±0.0
5.0±0.0
4.4±0.54
4.6±0.22
4.3±0.27
93.20
Lb.
7
5.0±0.0
5.0±0.0
5.0±0.0
5.0±0.0
4.9±0.11
99.80
paracasei
Z8+100
14
5.0±0.0
5.0±0.0
4.9±022
4.8±0.44
4.4±0.37
96.40
mg/l
21
5.0±0.0
5.0±0.0
5.0±0.0
4.8±0.27
4.6±0.38
97.68
1
5.0±0.0
5.0±0.0
4.4±0.54
4.0±0.0
3.9±0.22
89.20
Lb.
7
5.0±0.0
5.0±0.0
5.0±0.0
5.0±0.0
4.9±0.11
99.80
paracasei
Z8+200
14
5.0±0.0
5.0±0.0
4.8±0.27
4.6±0.89
3.6±0.19
92.00
mg/l
21
5.0±0.0
5.0±0.0
4.9±0.22
4.2±0.83
4.2±0.27
93.20
1
5.0±0.0
5.0±0.0
5.0±0.0
5.0±0.0
4.8±0.22
99.40
5.0±0.0
5.0±0.0
4.9±0.22
4.8±0.27
4.9±0.22
98.40
Lb. gasseri 7
CM 7710
14
4.7±0.27
4.9±0.22
4.5±0.35
4.4±0.89
4.0±0.35
90.00
21
4.9±0.22
5.0±0.0
4.8±0.44
4.3±0.67
4.1±0.65
92.16
5.0±0.0
5.0±0.0
5.0±0.0
4.3±0.27
4.3±0.27
94.40
Lb. gasseri 1
7
5.0±0.0
5.0±0.0
4.8±0.22
4.7±0.27
4.9±0.22
97.80
CM
7710+100
14
4.8±0.27
4.9±0.22
4.6±0.41
3.9±0.89
3.7±0.67
87.60
mg/l
21
5.0±0.0
4.9±0.22
4.8±027
4.3±0.67
4.1±0.41
92.40
5.0±0.0
5.0±0.0
5.0±0.0
4.7±0.27
4.5±0.5
96.80
Lb. gasseri 1
7
5.0±0.0
5.0±0.0
4.7±0.25
4.8±0.27
4.8±0.27
97.40
CM
7710+200
14
4.7±0.27
4.8±0.27
4.1±0.65
3.9±0.89
3.2±0.75
82.80
mg/l
21
4.8±0.44
4.8±0.44
4.5±0.5
3.9±0.89
3.7±0.57
86.80
1
5.0±0.0
5.0±0.0
4.5±0.4
4.6±0.47
4.8±0.23
95.76
Lb.
7
5.0±0.0
5.0±0.0
4.2±0.15
4.7±0.36
4.6±0.2
94.20
acidophilu
14
4.8±0.44
4.8±0.44
4.7±0.44
4.3±0.97
3.6±0.54
88.80
s LA 05
21
5.0±0.0
5.0±0.0
4.7±0.67
4.6±0.54
4.3±0.41
94.40
Lb.
1
5.0±0.0
5.0±0.0
4.5±0.4
4.4±0.25
4.2±0.28
92.52
acidophilu
7
4.7±0.27
5.0±0.0
4.5±0.35
4.4±0.89
4.0±0.35
90.00
s
LA 14
4.6±0.54
4.6±0.54
4.1±0.98
3.9±0.88
3.1±0.55
81.20
05+100
21
5.0±0.0
5.0±0.0
4.6±0.62
4.4±0.65
4.4±0.65
93.36
mg/l
1
5.0±0.0
5.0±0.0
4.5±0.4
4.1±0.25
4.1±0.12
90.76
Lb.
acidophilu
7
4.8±0.27
5.0±0.0
4.6±0.41
3.9±0.89
3.7±0.67
87.60
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s
LA
05+200
mg/l

14

4.6±0.89

5.0±0.0

4.4±0.82

4.0±0.89

3.2±0.83

84.80

21

5.0±0.0

5.0±0.0

4.7±0.41

4.4±0.45

4.2±0.47

93.36

CONCLUSION
The potential probiotic bacteria Lb. paracasei Z8, as well as probiotic bacteria Lb. gasseri
CM 7710 and Lb. acidophilus LA 05, fortified with omega-3 PUFA, could be suitable for the
production of yoghurt. The level of probiotic bacteria was at the level necessary to achieve
therapeutic level during storage of yoghurt. Sensory evaluation showed that probiotic yoghurt
with and without omega-3 PUFA was very acceptable and had very good sensory quality.
Variant of yoghurt with potential probiotic bacteria Lb. paracasei Z8 had high score, but the
variant with 100mg/L omega-3 PUFA had the highest score, while variant with 200mg/L
omega-3 PUFA had very acceptable sensory properties, leading to conclusion that this strain
could be successfully used as new strain for production of yoghurt, fortified with probiotic
bacteria and omega-3 PUFA, as multifunctional fermented milk product.
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ABSTRACT
Cereals and cereal products are significant and important human food resources and livestock feeds
worldwide. Wheat and wheat products consist the basis of the food in Albania, therefore the food
safety issue recently has taken an important focus. Mycotoxins are toxic secondary metabolites
produced by certain fungi that can infect various agricultural commodities in the field and/or during
storage. Consumption of contaminated foods by moulds and their secondary metabolites mycotoxins
may impose various acute and chronic health effects on humans and animals. The major classes of
mycotoxins are aflatoxins (AFs), with four major aflatoxins; fusarium toxins produced by Fusarium
species, including Zearalenon (ZEN), Deoxynivalenol (DON), Fumonisins (FBs); Alternaria toxins etc.
In this study we have analyzed the mycotoxins contamination in wheat commodity, both soft and
durum, imported during first half of 2016 year in Albania. Random samples (n=35) were taken from
three main mill factories. Sampling was conducted according to EU regulation 401/2006. The objective
of this study was to assess risk of mycotoxins exposure posed to humans and animals. The samples
were analyzed for the presence of main mycotoxins: AFB1, AFB2, AFG1, AFG2, DON, ZEN, FB1, FB2
and OTA contamination by LC-MS/MS. Data produced through the analysis of imported wheat
commodity, we found only one samples contaminated by DON which do not exceeded the maximum
limits as defined by national and European legislations. According to obtained results it can be
concluded that the risk of the presence of mycotoxins in imported wheat samples during investigated
period is low.
Keywords: mycotoxins, aflatoxins, wheat commodity, Albania

INTRODUCTION
Wheat is one on the most important cereal crop in terms of cultivated area, production,
imported and consumption in Albania. Due to the abundant production and the main role of
wheat and its flour products in the diet of humans and animals, they play a very important
role in endangering human health in case of contamination with health-threatening factors. In
the farm and the warehouse, wheat can be contaminated by different microorganisms,
especially fungi (Saari et al., 1968).
Mycotoxins are toxic secondary metabolites produced by certain fungi that can infect various
agricultural commodities in the field and/or during their storage. They have various acute and
chronic effects on humans and animals. The most important mycotoxins associated with
human and animal diseases, include aflatoxins, Fusarium toxins (fumonisins, trichothecenes
and zearalenone), ochratoxin A, citrinin and ergot alkaloids (CAST, 2003).
The major classes of mycotoxins are aflatoxins (AFs), mainly produced by Aspergillus fungi,
especially A. flavus and A. parasiticus. The four major aflatoxins are called B1 (AFB1), B2
(AFB2), G1 (AFG1) and G2 (AFG2) based on their fluorescence under UV light (blue or
green) and relative chromatographic mobility during thin-layer chromatography (Bennett and
Klich 2003). The diseases caused by aflatoxin consumption are called aflatoxicoses. Acute
aflatoxicosis may results in death; chronic aflatoxicosis results in cancer, immune
suppression, and other “slow” pathological conditions (Hsieh, 1988). AFB1 is the most known
potential hepatocarcinogenic in mammals and it is classified by the International Agency of
Research on Cancer (IARC) as Group 1 carcinogen (IARC 1993).
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Ochratoxin A (OTA) is produced by Aspergillus ochraceus and Penicillium verrucosum
species. Exposure to OTA has been associated with distinct renal diseases in humans
endemic in the Balkans (in Bulgaria and ex-Yugoslavia), referred to as Balkan Endemic
Nephropathy (BEN) and Urinary Tract Tumors (UTT) (Stoev et al., 1989). OTA is a
nephrotoxin, affecting all tested animal species, though effects in man have been difficult to
establish unequivocally. It is listed as a probable human carcinogen (Class 2B) (Olsen et al.,
2006).
Table 1. Maximum levels for certain mycotoxins in foodstuffs
Foodstuffs

Maximum levels (μg/kg)

2.1

Aflatoxins

B1

Sum of B1, B2,G1 and
G2

2.1.6

All cereals and all products derived from cereals, including
processed cereal products, with the exception of foodstuffs
listed in 2.1.7, 2.1.10 and 2.1.12

2,0

4,0

2.2

Ochratoxin A

2.2.1

Unprocessed cereals

5,0

2.2.2

All products derived from unprocessed cereals, including
processed cereal products and cereals intended for direct
human consumption with the exception of foodstuffs listed in
2.2.9 and 2.2.10

3,0

2.4

Deoxynivalenol

2.4.2

Unprocessed durum wheat and oats

1 750

2.4.4

Cereals intended for direct human consumption, cereal flour
(including maize flour, maize meal and maize grits (21)), bran
as end product marketed for direct human consumption and
germ, with the exception of foodstuffs listed in 2.4.7

750

2.5

Zearalenone

2.5.1

Unprocessed cereals other than maize

100

2.5.3

Cereals intended for direct human consumption, cereal flour,
bran as end product marketed for direct human consumption
and germ, with the exception of foodstuffs listed in 2.5.4,
2.5.7 and 2.5.8

75

2.6

Fumonisins

Sum of B1 and B2

2.6.1

Unprocessed maize

2000

2.6.2

Maize flour, maize meal, maize grits, maize germ and
refined maize oil

1000

ZEN is an estrogenic mycotoxin that can be produced by several field fungi including
Fusarium graminearum (Gibberella zeae), F. culmorum, F. cerealis, F. equiseti and F.
semitectum (Bennett and Klich, 2003). The critical effects of ZEN result from its potent
estrogenic activity, considered as a possible causative agent in the outbreaks of precocious
pubertal changes in the young children. The International Agency for Research on Cancer
(IARC) has categorized ZEN as a class 2A carcinogen (IARC, 1993).
Deoxynivalenol (DON) is a natural-occurring mycotoxin mainly produced by Fusarium
graminearum (Kushiro, 2008). It is also known as vomitoxin due to his strong emetic effects
after consumption, because it is transported into the brain, where it runs dopaminergic
receptors. The emetic effects of this mycotoxin were firstly described in Japanese men
consuming moldy barley containing Fusarium fungi in 1972 (Ueno, 1988).
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In order to protect public health from this hazard, Commission Regulation (EC) setting
maximum levels (ML) for certain mycotoxins in foodstuffs (Table 1). Maximum levels should
be set at a strict level which is reasonably achievable by following good agricultural, fishery
and manufacturing practices and taking into account the risk related to the consumption of
the food (European Commission, 2006). The current legislation about mycotoxins prevailing
in Albania came into force in 2010 and it is harmonized with European Union legislations.
Cereal grains contaminated with mycotoxins represent a public health problem due to the
high toxicity of these substances and also because they remain partially stable during the
industrial processes (Bullerman and Bianchini, 2007) (Giménez et al., 2013). The milling of
the wheat can minimize mycotoxin concentrations in the fraction used for human
consumption as these toxins are redistributed mainly in the bran, which is predominately
used for animal feed (Herrera et al. 2009) (Cheli et al., 2013).
Wheat and wheat products are the basis of the food in Albania, therefore the food and feed
safety issue (especially wheat commodity), recently has taken an important focus. In Albania,
there are a few studies concerning the occurrence of mycotoxins in wheat and wheat
products.
This study aimed to determine the levels of aflatoxins (B1, B2, G1 and G2), ZEN, DON and
FUMs in the wheat samples imported in Albania during 2016.

MATERIAL AND METHODS
Standards and chemicals
Mycotoxins standards (AFB1, AFB2, AFG1 AFG2, DON, ZEN, FB1 and FB2) were purchased
from Romer (Union, Mo, USA). Standard solutions were prepared in acetonitrile. Acetonitrile,
methanol, acetic acid (Sigma-Aldrich, Steinheim, Germany) and ammonium acetate (Merck,
Darmstadt, Germany) were of p.a. or LC-MS grade purity. Deionized water was prepared
using a Milli-Q system (Millipore, Bedford, MA, USA).
Sample collection
In this study 35 representative imported wheat samples, soft and durum, were collected
directly from mills during the spring in 2016 year. The wheat samples were originated by
Russia, according to the accompanying certificate of the commodity. The sampling procedure
was carried out according to Commission Regulation (EC) No 401/2006 (European
Commission, 2006a).
Mycotoxin analysis
Simultaneous determination of mycotoxins (AFB1, AFB2, AFG1, AFG2, DON, ZEN, FB1 and
FB2) were done by liquid chromatography-tandem mass spectrometry (LC-MS/MS). Sample
preparation and the determination of mycotoxins was based on analytical procedures
described by Driehuis et al., 2008 as well as Lattanzio et al., 2011. An amount of 20 g
grounded sample was shaken with 100 ml of acetonitrile-deionised water mixture (80:20) for
1 hour period using a linear shaker IKA HS 501 digital (IKA Labortechnik, Staufen, Germany).
A volume of 4 ml pre-filtered extract was pipetted into a vial and further preceded under
vacuum evaporation to dryness (Syncore Polyvap, Büchi, Flawil, Switzerland). The residue
was reconstituted with 0.5 ml of methanol-deionised water mixture (80:20) and passed to
analytical vials. Finally, 20 μl was injected into LC-MS/MS. The detection and quantification
was performed with an UPLC system Acquity coupled to a triple-quadrupole mass
spectrometer Xevo TQ MS equipped with electrospray ionization (ESI) interface (Waters,
Milford, MA, USA). The chromatographic separation was performed at the column Zorbax
Eclipse Plus C18 Rapid Resolution HD column (2.1 x 100 mm, 1.8 μm, Agilent). The mobile
phase consisted of two components mixed in gradient mode. Component A was deionized
water and component B was methanol, both containing 0.5% acetic acid and 0.25 mM
ammonium acetate. For each mycotoxin the precursor ion and two product ions (a quantifier
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and a qualifier ion) were tracked together with the limits of detection (LOD), limits of
quantification (LOQ) and recoveries for each single mycotoxin. Data acquisition and
processing was done by means of MassLynx program (Waters, Milford, MA, USA).

RESULTS AND DISCUSSION
A considerable number of mycotoxins of economic importance have been discovered through
the second half of the twentieth century. Their presence may impose high risk to food
commodities. Exposure of human population to mycotoxins is associated with human
mycotoxicoses affecting humans: such as liver cancer, alimentary toxic aleukia, Balkan
endemic nephropathy (BEN); and animal mycotoxicoses (turkey-X disease from aflatoxin,
porcine nephropathy from OTA, vulvovaginitis from ZON etc.
The limit of detection for the studied mycotoxins are presented in the Table 2.
Table 2. Limit of Detection (LOD) for studied mycotoxins [μg/kg]
Code
number

DON

ZEN

FB1

FB2

OTA

AFB1

AFB2

AFG1

AFG2

1 (S)

<50

<20

<20

<20

<10

<0.2

<0.2

<0.2

<0.2

Thirty five samples of imported wheat commodity were analyzed for the presence of
mycotoxins (AFB1, AFB2, AFG1, AFG2, DON, ZEA, FB1, FB2 and OTA). The obtained
results for mycotoxins occurrence in imported wheat commodities revealed that only one was
found contaminated with Deoxynivalenol mycotoxin (DON). Its concentration was 157 μg/kg,
which do not exceeded the maximum limits (1750 μg/kg) defined by Albanian and European
legislations. Except sample 23S, none of the analyzed samples were contaminated with
examined mycotoxins.

CONCLUSION
Performed LC-MS/MS analysis showed that imported wheat commodity in Albania, were not
contaminated with investigated mycotoxins ( AFB1, AFB2, AFG1, AFG2, DON, ZEN, FB1,
FB2 and OTA) Only one sample contaminated DON in level (157 μg/kg) which is not exceed
the maximum limits defined by national and European legislations. From this experimental
work, it can be concluded that the risk of the presence of mycotoxins in imported wheat
samples during investigated period is low.
Considering all the problems that causing contaminated cereals with mycotoxins in human
and animal health, it is recommended to make systematic analyses, because cereals
(especially wheat commodity) are the basic food of population in Albania. Being the basic
food of the population, increases the possibility of exceeding the daily limits that humans and
animals should consume.
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ABSTRACT
Cabbage juice was fermented by a single probiotic strain, Lactobacillus casei 431, supplied by Chr.
Hansen in order to functionalise its consumption providing an added value to this product.
o
Freshly prepared cabbage juice was inoculated with 24-h-old culture and incubated at 37 C. Changes
in acidity, pH, sugar content and viable cell counts during 50 h fermentation under controlled
conditions were monitored. The pH decreased from the initial 6.7 to 3.6 at the end of the fermentation
due to the production of 0.37 % lactic acid measured as titratable acidity. From the HPLC analysis of
sugar content it was found that the strain utilized the glucose rather than the fructose and sucrose
which were also present in the cabbage juice.
10
The lactic culture grew 6.4 log cycles reaching 10 cfu/ml in the first 24 hours after which the growth
slowed down and the stationary phase started. Modified Gompertz model was successfully fitted to the
viable count data and used to estimate the kinetic parameters. After fermentation, the viable count
7
o
remained above 10 cfu/ml during 14 days of cold storage at 4-5 C. It can be concluded that the
cabbage juice can be a suitable material for lactic acid fermentation, hence can be used as a probiotic
carrier for lactose intolerant and vegan consumers.
Keywords: cabbage juice, probiotic, fermentation, kinetics, survivability

INTRODUCTION
Probiotic foods and beverages are gaining in popularity as more and more consumers
become aware of their health benefits. The development of such products is one of the
research priorities for the food industry. Most popular probiotic product nowadays is yogurt,
however lactose intolerance and cholesterol content are the two major drawbacks related to
probiotic foods based on dairy products (Betoret et al., 2012). Taking account that there is
increasing number of vegetarian consumers, especially in the developed countries, creating
new products of non-diary origin enriched with probiotics is considered to be a promising field
of work (Bernat et al., 2014).
The nature of the food carrier is important for survival of the bacterial strains during passage
through the gastro-intestinal tract (Goyal and Gandhi, 2008). Fruit and vegetable juices were
found to be good vehicles to deliver probiotic microorganisms. Published data dealing with
fermentations of juices from carrots (Sharma and Mishra, 2013; Tamminen et al., 2013), beet
root (Buruleanu et al., 2009), tomato (Yoon et al., 2004), cucumber (Lavinia et al., 2012),
jerusalem artichoke (Dimitrovski et al., 2016) and their mixtures as well as apple (Dimitrovski
et al., 2015), banana (Tsen et al., 2004), orange (Sheehan et al., 2007) and other tropical
fruits (Saw et al., 2011) are found in literature.
Cabbage (Brassica oleracea) is an excellent source of vitamin C and vitamin K, containing
more than 20% of the Daily Value (DV) for each of these nutrients per serving and a good
source (10–19% DV) of vitamin B6 and folate (USDA database table for raw cabbage, 2016).
The results obtained by Rokayya et al. (2014) suggest that phytochemicals in cabbage have
great antioxidant and anti-inflammatory potential which can be related to the prevention of
chronic diseases associated to oxidative stress. Yoon et al. (2006) have examined the
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utilization of cabbage juice by L. casei, L. plantarum, and L. delbrueckii strains for cell
synthesis and lactic acid production.
There are plenty of probiotic bacterial strains available with specific health benefits which are
usually offered to the food industry as ready-to-use probiotic cultures or as part of the
fermenting starters. Lactobacillus casei 431 (Lactobacillus paracasei subsp. paracasei) is
marketed by Chr. Hansen as probiotic culture proven by vast number of clinical trials
(Jespersen et al., 2015), that can survive low pH hence it is intended as supplement in fruit
beverages.
The objective of this study was to determine the suitability of a cabbage juice as a medium
for production of fermented probiotic beverage using a probiotic bacterium Lactobacillus
casei 431.

MATERIAL AND METHODS
Preparation of cabbage juice
Green cabbage (around 5 kg) was purchased from local green market and the outer leaves
were stripe. The hard part was cut off and the leaves shredded into smaller pieces (0.5 cm x
2.0 cm). The extraction of the juice was done by commercial juicer (Max, KP 60 PD, PRC).
The juice was filtered through several layers of cheesecloth to remove large particles. The
pH was adjusted using 0.1 M NaOH to values between 6.7 - 7.0 and the content of soluble
solids, measured by refractometer, was adjusted to 10 % (w/w) by addition of sterilized
water. Bleaching was done by immersing the juice in boiling water bath for 3 min. After
immediate cooling with cold water to around 40 oC, the juice was undergone to fermentation
process.
Inoculation and fermentation
Direct vat culture of Lactobacillus casei 431 purchased from Chr. Hansen was kept at
−20 °C and revitalized by overnight growth in de Man, Rogosa and Sharpe (MRS) broth
(Merck, Whitehouse station, New Jersey, USA) at 37 °C using semi-anaerobic conditions.
Flask fermentations were carried out with 300 ml cabbage juice in a 500 ml Erlenmeyer flask
placed on a rotary shaker (120 rpm) at 37 °C for about 50 h. Inoculation with 30 μL of the
probiotic preculture was sufficient to result into initial viable count of about 105 cfu/ml in all
fermentations. The fermentation was performed in triplicate. Samples were taken aseptically
at appropriate time intervals to evaluate the viable count and pH value.
Counting of viable cells
The viable count of lactic acid bacteria in the samples was measured by using the Milles and
Misra method (Hedges, 2002; Miles et al., 1938). After a series of appropriate dilutions, the
samples were planted on MRS agar plates and incubated on 37 oC for 48 h before colony
counting. The grown colonies were manually counted and this number multiplied by the plate
dilution resulting into bacterial count, colony forming units per milliliter of fermented cabbage
juice (cfu/ml). pH was measured during the fermentation as well as during storage with a pHmeter (Sartorius PB-11, Göttingen, Germany).
The viable count is presented using all data of triplicate measurement of the samples.
Total titratable acidity
Acidity of the fermented cabbage juice was expressed as percent lactic acid. Sample of 10 g
fermented cabbage juice were neutralized with 0.1 N NaOH until the solution reached pH of
8.2. Since 1 ml of 0.1 N lactic acid contains 0.009 g of lactic acid, the number of milliliters of
0.1 N NaOH required to neutralize the lactic acid in the sample, multiplied by 0.009 will give
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the amount of lactic acid (grams) in the sample. When the result was divided by weight of
sample and multiplied by 100, the percent lactic acid was obtained.
Determination of sugars
Agilent 1200 high performance liquid chromatography system (Agilent Technologies, Inc,
Santa Clara, United States) was used for quantification of sugar concentration in the
samples. Supelcosil LC-NH2 column, 250 × 4.6 mm, 5 m particle size, (Supelco analytical,
Sigma Aldrich Group, Taufkirchen, Germany) was used to separate the containing sugars in
15 min using isocratic mobile phase acetonitrile/water = 75/25 % (v/v) at 50 oC (Muntean and
Muntean, 2010). Refractive index detector, also thermostated at 50 oC, was used for
detection of the analytes and the data was processed by the Agilent ChemStation software.
External standards were used to quantify fructose, glucose and sucrose.
The samples of fermented cabbage juice were centrifuged on 5000 rpm for 5 min, filtered
through a 0.45 μm syringe membrane (Waters Corp., Milford, United States) placed in vials,
sealed, and frozen (-18°C) for subsequent HPLC analysis. The data of the HPLC analysis is
presented as average values of two independent analyses.

Kinetic modeling
For a description of microbial kinetics, modified Gompertz model (Eq. 1) was fitted to the
colony count data and the kinetic parameters were estimated using SolverAid vs. 7, Microsoft
Office Excel 2007.

where N and No represent the colony count at time t and at t = 0, respectively; As is
asymptote (max growth cycles ln Nmax/No); μmax is maximal specific growth rate; and λ is the
time of the lag phase.
Cell viability during storage of fermented cabbage juice
A batch of cabbage juice was refrigerated (4 - 7 oC) after 25 hours of fermentation, when the
cell density was expected to be at its peak. Samples were collected at regular time intervals
during the following 14 days and viable count was determined. These data were used to
estimate the storage time by which the probiotic juice would retain viable count above log 6
cfu/ml.

RESULTS AND DISCUSSION
Cell concentration and pH
The viable count during fermentation of cabbage juice with Lactobacillus casei 431 is
presented in Figure 1. The growth curve is obtained by using the modified Gompertz model
fitted to the experimental data for the microbial count. The estimated kinetic parameters were
as follows: the asymptote (As, max growth cycles log Nmax/No) was 6.4 + 0.30; the specific
growth rate (μ) was 0.24 + 0.02 h-1; and the lag phase was 3.51 + 1.28 h. From the averaged
data it was concluded that the maximal cell density was log 10 cfu/ml and it was reached
after 24 h. After this period, the growth of the culture slows down hence on the 30 th h, the
onset of the stationary phase starts.
During fermentation, the pH decreased from the initial 6.7 to 3.6 after 50 h (Figure 2). Linear
model was fitted to the pH data and a relatively good correlation was found with coefficient of
determination (R2) of 0.95. After 24 h, at the end of the log phase, the pH was 5.5 implicating
that the culture continued with the lactic acid production during its stationary phase. The
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concentration of the lactic acid, putatively calculated from the total titratable acidity, was 0.37
% (w/w) at the end of the fermentation.
Other authors have examined the cabbage juice as media for Lactobacillus species
(Lactobacillus plantarum C3, Lactobacillus casei A4, and Lactobacillus delbrueckii D7)
growth (Yoon et al., 2006). They found that all strains grew well on the cabbage juice
reaching log 9 cfu/ml in 48 h. In our research, the growth of 6.4 log cycles in 24 h and
relatively short lag phase indicated that cabbage juice can be very well utilized by the
probiotic Lactobacillus casei 431 as growth media thus creating probiotic beverage of plant
origin. The cells grew in high densities (log 10 cfu/ml) which provide greater chance of
surviving the upper digestive tract and reaching the intestine, where they can express their
beneficial effect. There was rapid decrease of pH at all growth phases reaching very low pH
value at the end of the fermentation demonstrating the acid tolerance of the culture.
Compared to other foods fermented by lactic acid bacteria that reach total acidity of above
0.5 % as lactic acid (National Research Council (US), 1992), the acidity of the fermented
cabbage juice is low. The extent to which the fermentation will last will depend on the taste
characteristics (sourness sensation) of the finished product. Namely, the maximal cell
concentration is reached after 24 h when the pH is 5.5, however if lower pH values are more
acceptable by consumers then the fermentation can last until reaching a specific pH.

Figure 1. Viable count during fermentation of cabbage juice with Lactobacillus casei 431

Figure 2. pH change during fermentation of cabbage juice with L. casei 431

Sugar consumption
Changes of concentrations of sugars as carbon source for growth and for energy generation
of L. casei 431 throughout the fermentation of cabbage juice, is presented in Table 1. The
most abundant sugars in the cabbage juice were fructose, glucose and sucrose with initial
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concentrations of 15.7 g/L, 18.0 g/L and 4.7 g/L. Glucose, which is generally preferred
energy source over fructose and over other carbon sources by many microorganisms, was
solely utilized by the culture at extent of 24.4 % from the starting concentration.
L. casei and some other probiotic lactic acid bacteria are classified as a facultative
heterofermentative bacterium indicating that sugars can be fermented via the EmbdenMeyerhof pathway (EMP) or the phosphoketolase pathway (PKP), leading to homolactic and
heterolactic fermentation profiles, respectively (Kleerebezem et al., 2003).
Table 1. Concentration of sugars during fermentation of cabbage juice with Lactobacillus casei 431
Sugars (g/L)
Time (h)
Fructose

Glucose

Sucrose

0.0

15.7

18.0

4.7

12.5

15.7

17.3

4.6

14.3

15.8

17.2

4.8

29.4

15.4

14.5

4.7

32.8

15.9

13.6

4.9

The stability of probiotic cabbage juice cells during storage
The viable count of Lactobacillus casei 431 in fermented cabbage juice during refrigeration
(4-7 °C) is shown in Figure 3. As seen, the viable count was above log 7.7 cfu/ml at the end
of the 14 days. Linear model for their survival was fitted to the data and yielded with good
coefficient of determination of 0.95. Since commercial probiotic beverage should possess a
minimum viable count of 106 cfu/ml at the time of consumption (Codex Alimentarius
Commission, 2003), storage times by which the probiotic juice would retain this concentration
were predicted by using the model parameters. The storage time for L. casei 431 would be
around three weeks.

0

Figure 3. Viable count of fermented cabbage juice with L. casei 431 during cold storage (4–7 C)

Yoon et al. (2006) have also tested the stability of fermented cabbage juice however
Lactobacillus casei A4 had shown no stability during cold storage. Probiotic foods and
beverages in which viable cells are better maintained would have longer shelf life which is
very important for commercial products. The presence of acids and the pH drop have been
found to significantly increase the sensitivity of probiotic cultures in fruit and vegetable juices
(Sheehan et al., 2007). Therefore, the stability should be studied after determining the final
pH of the probiotic beverage.

CONCLUSIONS
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The possibility of creating probiotic beverage by fermenting cabbage juice with probiotic
strain L. casei 431 was studied. The culture grew extensively in the cabbage juice and yield
high viable cell counts, log 10 cfu/ml, in a relatively short time of 24 h. L. casei 431 was
proved to be acid tolerant reaching low pH of 3.6 at the end of the fermentation. The stability
was also tested and the viable count, taken as the criteria for the shelf life of the finished
product, was estimated to be above log 6 cfu/ml for three weeks. The culture consumed
glucose as the sole carbon and energy source.
In conclusion, L. casei 431 was proven to utilize cabbage juice as growth medium obtaining
probiotic beverage from plant origin. Further research concerning the sensory characteristics
of the fermented cabbage juice is needed before its commercialization.
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ABSTRACT
Celery root, which is a rich source of antioxidants, was treated in two osmotic solutions (ternary
aqueous solution and sugar beet molasses), at three temperatures (20, 35 and 50°C), and three
different immersion period (1, 3 and 5 h). The aim was to examine the influence of the type of used
hypertonic agent, temperature and immersion time on antioxidant (AO) activity of the samples. AO
activity was assessed by the most widely used spectrophotometric assays such as (ferric reducing
antioxidant power (FRAP), scavenging of 2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS)
and 2,2-diphenyl-1-picrylhydrazyl (DPPH). In addition to this, two direct current (DC) polarographic
assays were applied: one based on the decrease of anodic current of Hydroxo Perhydroxo Mercury
(II) complex (HPMC) and the other recently developed MRAP (Mercury Reduction Antioxidant Power
(MRAP), based on the decrease of cathodic current of Hg (II) reduction. Correlations between applied
assays were calculated by regression analysis. Relative antioxidant capacity index (RACI), calculated
by assigning equal weight to all applied assays was used to achieve a more comprehensive
comparison between analysed samples, as well as applied assays. For PCA modelling, experimental
data on osmotic treatment have been used. Obtained results indicated that by using molasses during
the osmotic treatment, it is possible to enhance the total AO activity of celery root, as opposed to the
use of ternary solution that was affected the reduction of AO values. RACI values revealed that
optimum process parameters were gained for the immersion time of 5 h and temperature of 35 °C.
Keywords: osmotic treatment, celery root, antioxidant activity, sugar beet molasses, PCA

INTRODUCTION
Celery (Apium graveolens) around the world considered as an important medicinal herb,
used in food and pharmaceutical industries, due to its many health benefits (Kooti et al.,
2015). The main bioactive components in celery, responsible for its healing properties are
flavonoids, essential oils, organic acids, bergapten, niacin, inositol, minerals, vitamins etc.
(Han and Row, 2011). Various studies reported that powerfull antioxidant properties of celery
are generally attributed to the presence of phenolic compounds, mainly phenolic acids and
flavonoids (Yao et al., 2011). Phenols in celery, also possess the potential to retard lipid
oxidation, and inhibit various types of oxidizing enzymes (Kolarović et al., 2010). Therefore,
celery can be added to food as a preservative, and to reduce the need for synthetic food
antioxidants (Mišan et al., 2011).
Osmotic treatment (OT) is an effective way for drying by direct contact of foods with a
suitable hypertonic solution. During OT, due to the difference in osmotic pressures, water
from the plant tissue, flows out into the osmotic solution while osmotic solutes diffuse from
the solution to the tissue. Molasses, the thick syrup obtained as a byproduct from the
processing of sugar beet into sucrose, has shown as an excellent medium for OT (Pezo et
al., 2013; Filipović et al., 2014). Guimaraes et al. (2007) have reported that sugar beet
molasses represent a rich source of phenolic compounds, originated from the sugar beet,
which exibit strong antioxidant properties. Coloured products of Maillard reactions –
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melanoidins, (formed during sugar processing) present in molasses in high concentration,
also possess important antioxidant activity (Valli et al., 2012).
The objective of the presented work was to investigate the effects of osmotic solution type,
processing time and temperature, on the antioxidant activity during osmotic treatment of
celery root in sugar beet molasses and aqueous ternary solution. In order to find the optimum
osmotic treatment conditions, antioxidant activities (expressed by FRAP, ABTS, DPPH,
HPMC, MRAP, and also FC and RACI) as a function of the process variables were
determined. Principal Component Analysis was applied to the experimental data (used as
descriptors) to characterize and differentiate among the observed samples.

MATERIAL AND METHODS
Celery root, purchased at local market, was cut into cubes (1x1x1cm). The aqueous
ternary osmotic solution was made from sucrose in the quantity of 1.200 g/kg sucrose,
NaCl, in the quantity of 350 g/kg water and distilled water (this solution was mark ed as
S1). Sugar beet molasses, obtained from the sugar factory Crvenka, Serbia with initial dry
matter content of 85.04 w/w, was used as S 2. The material was submerged in solutions in
the ratio of 1:20 (w/w). After each sampling time (1, 3 and 5 hours) samples were taken out
from solutions (S1 and S2), lightly washed with distilled water, then gently blotted with paper
to remove adhering solution and excessive water from the surface. To prepare the extracts
for antioxidant analysis, fresh and osmotically dehydrated celery root samples dried at 50 oC
in a heat chamber (Instrumentaria Sutjeska, Sesvete, Croatia) until constant weight.
Dried samples were finally grounded into a powder. 2g of powder for each sample were
extracted with 200 ml of boiled water. After extraction, at room temperature for 10 min,
obtained aqueous extracts were filtered using Whatmann No. 1 filter paper. The extracts
were stored in a refrigerator (4 °C) until further use.
The content of phenols in the extracts was determined spectrophotometrically according to a
modified method described by Gorjanović et al. (2012) with Folin−Ciocalteu’s reagent. The
procedure of total phenolic content determination is fully described by Petrović et al. (2015).
The antiradical activity of samples against DPPH radical was measured by the method of
Zheng and Wang (2001), with some modifications. The FRAP assay was carried out
according to the standard procedure previously described (Benzie and Strain, 1996) with
some modification introduced. The Trolox equivalent antioxidant capacity (TEAC) was
estimated by the ABTS radical cation decolourization assay described by Re et al. (1999).
Recently developed DC polarographic AO assay, based on the decrease of anodic current of
HydroxoPerhydroxoMercury (II) complex (HPMC) formation in alkaline solutions of hydrogen
peroxide at potential of mercury oxidation (Gorjanović et al., 2010), as well as a novel AO
assay based on the decrease of DC polarographic cathodic limiting current (il) of mercury (II)
reduction in the presence of antioxidants, i.e. mercury reduction antioxidant power (MRAP),
were used. The detailed procedure fordetermination of DPPH, FRAP, ABTS, HPMC, MRAP
or FC assays is fully described in the papers by Gorjanović et al. (2012) and Petrović et al.
(2015).
Statistical analysis
The experimental results were expressed by means, standard deviation (SD) for each
treatment. Collected data were subjected to ANOVA to explore the effects of process
variables. Furthermore, PCA was applied successfully to classify and discriminate the
different samples. The evaluation of RSM, ANOVA and PCA of the obtained results was
performed using Statistica software version 12 (StatSoft Inc. 2012, USA)®.
The following second order polynomial (SOP) model was fitted to the experi mental data:
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where: kl 0 , kil , kiil , kl 12 are constant regression coefficients; Ykl , either: FRAP, ABTS,
DPPH, HPMC, MRAP or FC, while X1 is time, and X2 is temperature. A model describing
osmotic treatment in S1 solution is marked with l=1, while treatment in S2 is marked with l=2.

RESULTS AND DISCUSSION
According to the results presented in the Table 1, OT in molasses was provoked an increase
in DPPH, FRAP, ABTS, HPMC, MRAP and FC parameters in all samples of celery root from
initial values.
Table 1. Antioxidant activity during osmotic treatment of celery root using ternary solution (S 1) and
sugar beet molasses solution (S2)
No. t T FRAP
ABTS
DPPH
HPMC
MRAP
FC
RACI
o
h C mM Fe(II)
mM Trolox mM Trolox %ml
%ml
mgGAE/L
h
h
h
j
g
g
0 0 /
1.53±0.01
1.10±0.01 0.459±0.03 0.042±0.000
0.020±0.002 0.16±0.01
0.73
Osmotic treatment in S1 solution
1

1

20 1.27±0.01

g

b

0.38±0.00

g

g

0.82±0.01
0.78±0.00

a

0.88±0.01

2

1

35 1.19±0.01

e

3

1

50 1.10±0.01

b

20 1.23±0.01

f

0.88±0.01

35 1.07±0.01

d

f

50 0.99±0.00

a

20 1.10±0.01

b

35 1.00±0.01

a

4
5
6
7
8

3
3
3
5
5

c

b

0.75±0.00

e

0.70±0.01

a

0.79±0.00

d

11 1
12 1
13 3
14 3
15 3
16 5
17 5

20 1.54±0.01

ac

35 1.56±0.01

abc

50 1.56±0.01

ab

20 1.55±0.01

abc

35 1.56±0.00

abc

50 1.57±0.01

ab

20 1.56±0.02

abc

35 1.56±0.01

abc
b

i

c

f

0.35±0.00

e

0.028±0.002

g

-0.31

f

a

0.015±0.002 0.13±0.00

0.32±0.00

c

0.025±0.001

e

0.014±0.000 0.13±0.00

-0.68

b

a

0.36±0.00

f

0.030±0.002

h

-0.92

c

e

0.31±0.00

b

0.023±0.001

d

-0.46

e

d

0.28±0.00

a

0.021±0.000

c

-1.07

a

b

0.32±0.00

bc

0.025±0.001

f

-1.35

b

a

-0.91

a

b

-1.39

d

c

-1.68

a

cde

0.77

a

de

0.80

b

abce

0.91

a

acde

0.82

b

abc

0.89

b

ab

0.96

b

abc

0.90

c

ab

0.97

c

b

0.016±0.001 0.14±0.01

0.016±0.002 0.13±0.01
0.014±0.000 0.12±0.01
0.013±0.000 0.11±0.00
0.015±0.002 0.12±0.00

0.28±0.00

a

0.020±0.001

b

c

0.26±0.00

d

0.018±0.000

a

0.012±0.000 0.11±0.00

ab

0.46±0.00

b

0.042±0.002

ab

0.020±0.000 0.16±0.01

0.46±0.00

bd

0.042±0.000

ab

0.46±0.00

bcd

0.043±0.001

cd

0.47±0.00

abcd

0.042±0.001

ab

0.47±0.01

acd

0.042±0.002

abc

0.48±0.00

ac

0.043±0.001

de

0.47±0.01

ac

0.042±0.001

ab

0.48±0.00

a

0.043±0.002

bcd

0.68±0.01

9 5 50 0.91±0.01
0.62±0.01
Osmotic treatment in S2 solution
10 1

0.031±0.005

1.10±0.01

ab

1.12±0.01

ab

1.12±0.01

ab

1.11±0.01

ab

1.12±0.01

a

1.13±0.01

ab

1.12±0.01

a

1.13±0.01

a

a

e

0.013±0.002 0.11±0.00

0.021±0.002 0.16±0.02
0.022±0.000 0.17±0.01
0.021±0.002 0.16±0.00
0.021±0.001 0.17±0.02
0.022±0.003 0.17±0.02
0.022±0.003 0.17±0.00
0.022±0.002 0.17±0.02

18 5 50 1.58±0.02
1.13±0.01 0.489±0.00 0.044±0.002
0.022±0.000 0.17±0.01
1.02
a-n
*
Different letters written in superscript within the same column in the table show significantly
different means of observed data (at p<0.05 level). n=3

However, these values were decreased proportionally with the rise of the temperature and
the augment in immersion time for the samples treated in ternary solution. In comparison
with molasses, the use of the ternary solution in the OT of celery root can be considered less
convenient. Enhancement in FRAP, DPPH, ABTS, HPMC, MRAP and FC values in celery
root treated in molasses is in accordance with the claim that sugar beet molasses exhibit
strong antioxidant potential, reported by Valli et al. (2012) and Guimaraes et al. (2007).
Probably, the penetration of some phenolic compounds from molasses into the tissue of
celery root was occurred during OT.
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The Relative Antioxidant Capacity Index (RACI) also shows an increasing in antioxidant
activity of samples treated with S2 solution (the positive and increasing RACI scores during
OT were obtained), while the samples treated with S1 solution gained negative and
decreasing RACI scores during OT.
Principal component analysis (PCA)
Principal component analysis (PCA) is a mathematical procedure used as a central tool in
exploratory data analysis (Brlek et al., 2013; Abdi and Williams, 2010). The PCA, applied to
the given data set, Table 1, has shown a differentiation between the samples according to
the observed process parameters. Quality results show that the first two principal
components, accounting for 99.90% of the total variability for solution S1 and S2 can be
considered sufficient for data representation. Considering the map of the PCA performed on
the data, all variables contributed negatively according to the first principal component,
explaining almost the same amount of total variance (14.3%). FRAP variable showed the
positive influence towards the second principal component (contributed 11.9% of total
variance, based on correlations) while MRAP (71.0%) showed the negative impact on the
second principle component. PCA graphic showed quite good discrimination between
solutions S1 and S2 solutions. The influence of processing parameters can be observed in
Fig. 1, with samples processed with higher immersing time and temperature located at the at
the bottom left side of the graphic. Samples treated in sugar beet molasses solution are
located at the left side of the graphic, showing increased FRAP, ABTS, DPPH, HPMC,
MRAP and FC values, and also RACI.
0.2
0 (control)
11
13

0.1

10

PC 2: 0.16%

1

4

2

ABTSFRAP
HPMC
0.0 14
DPPH
RACI
FC
15
MRAP
12
-0.1
16

7

5

6
8

3

9

S1

S2
-0.2
-3

18
17
-2

-1

0

1

2

3

4

5

PC 1: 99.74%

Figure 1. Biplot graphic of celery root osmotic treatment in sugar beet molasses solution (S 2) and
ternary solution (S1)

Response Surface Methodology (RSM)
The ANOVA showed the significant effects of independent variables to the responses, and to
show which of the responses (FRAP, DPPH, ABTS, HPMC, MRAP and FC) were
significantly affected by the varying treatment combinations (Table 2).
The evaluation of FRAP, ABTS, DPPH, HPMC, MRAP and FC for celery root samples
treated in S1 solution were mostly affected by the linear term of T and t, statistically
significant at p<0.01 level. The influence of the quadratic term of T in the SOP model for FC
prediction was also noticed, statistically significant at p<0.05 level.
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Table 2 also shows the effects of t and T on antioxidant activity of celery root samples
treated with S2 solution, during the OT. FRAP was mostly affected by the linear terms of T i t,
statistically significant at p<0.05 and p<0.01 level, respectively. In the SOP models for the
prediction of ABTS, DPPH, HPMC and MRAP values, the linear terms of t and T were found
the most important, statistically significant at p<0.01 level. The quadratic term of t was
influential in SOP model for DPPH calculation, while the quadratic term of T was imortant for
HPMC evaluation statistically significant at p<0.05 level. The linear term of t was the most
influential term in the SOP model for FC calculation, statistically significant at p<0.01 level.
High r2 values showed the adequacy of the developed SOP models.
Table 2. The ANOVA calculation for celery root osmotic treatment in S1 and S2 solution
Osmotic treatment in S1 solution
Term df
t
1

FRAP
-2+
4.99·10

t

2

1

2.55·10

T

1

5.79·10

1

3.48·10

t×T 1

1.14·10

Error 3

T

r

2

2

ABTS
-2+
2.55·10

-5

4.64·10

-2+

3.31·10

-4

1.32·10

-4

8.95·10

1.84·10

-3

1.1310

0.983

0.982

-4

1.45·10

-2+

5.88·10

-3

5.29·10

-4

2.29·10

-3

Osmotic treatment in S2 solution
-4**
-4+
t
1
2.10·10
2.43·10
t

2

1

7.38·10

T

1

6.41·10

1

4.28·10

t×T 1

6.13·10

Error 3

9.81·10

T

r

2

2

-7

5.12·10

-4*

4.36·10

-6

1.45·10

-8

7.17·10

-5

0.897

+

DPPH
HPMC
MRAP
-3+
-5+
-6+
5.63·10
6.30·10
7.02·10
-6

3.65·10

-3+

8.16·10

-5

2.67·10

-7

6.58·10

9.29·10

-5

0.992

-7

1.12·10

-8

3.75·10

-5+

9.63·10

-6+

4.29·10

-6

2.89·10

-7

3.02·10

-7

6.74·10

-8

7.00·10

2.90·10

-6

3.78·10

-7

3.61·10

0.981

0.978

-4+

5.05·10

-5*

3.36·10

-5+

2.73·10

-7

2.09·10

-7

1.82·10

-6

2.89·10

-7
-4+
-5*
-6
-6

0.996

-7+

2.17·10

-6+

1.98·10

-9

2.28·10

-7

2.06·10

-6+

1.57·10

-6+

1.35·10

-7*

5.69·10

-11

6.78·10

-7*

2.05·10

-8

7.11·10

-8

-7

4.76·10

-7

1.62·10

-4+

5.07·10

-5**

3.74·10

-6

2.48·10

7.72·10

-6

3.26·10

2.84·10

1.66·10

0.989

0.991

0.992

0.960

*

FC
-4+
3.52·10

-5*
-7
-5**
-7
-7
-6

0.880

**

Significant at p<0.01 level. Significant at p<0.05. Significant at p<0.10. Error terms have been found statistically
insignificant. df - degrees of freedom. ST - solution type. t - time. T - temperature

CONCLUSIONS
On the basis of the presented results it can be confirmed the superiority of sugar beet
molasses as an osmotic solution over ternary solution, considering their influence on
antioxidant activity of celery root during the treatment. According to RACI evaluation, the
optimum process parameters were obtained, for the immersion time of 5 h and temperature
of 35°C. The chemometric analyses pointed out the effective contribution of the sugar beet
molasses as hypertonic solution, especially in the increase of antioxidant capacity of the
osmotically treated celery root.
This finding increases the possibility of embedding the molasses as a natural antioxidant
ingredient in human diet, in spite of its unpleasant sensory characteristics. In addition, the
sugar beet molasses, which is byproduct of the sugar industry, is conducive as osmotic
agent from an environmental and economical point of view. It can be concluded that celery
root osmotically treated in the sugar beet molasses, with improved sustainability and
antioxidant potential, is suitable as food preservative or functional food ingredient.
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ABSTRACT
A well-balanced diet with a focus on increasing consumption of complex carbohydrates with a low
glycemic index is a major nutritional goal to improve public health. Daily intake of dietary fibres is
significantly lower than the recommended 25 g which resulted in the development of new functional
products rich in fibre. The addition of fibres in bread as a daily most consumed foodstuff and integral
part of at least two meals would provide an adequate intake of dietary fibres, and therefore all the
associated positive physiological effects.
This study was focused on the effects of supplementation of carob flour and sugar beet fibre on the
empirical dough rheology. Experiments were planned according to Box-Behnken experimental design,
with independent variables: quantity of carob flour (0, 10 and 20% on flour basis), quantity of sugar
beet fibre (0, 3 and 6% on flour basis) and quantity of preservative (0, 0.2 and 0.4% on flour basis).
Significant increase in farinograph water absorption by 25% and dough development time by 85% was
obtained by incorporating 6% of sugar beet fibres when compared to control sample. It was also
observed that the addition of sugar beet fibres led to a significant reduction in the degree of softening
which is a consequence of the ability of fibres to bind and retain water. In the dough with 20% of carob
flour was reported a significant increase in dough energy for about 35% followed by the pronounced
increase in dough resistance to extension and decrease in dough extensibility when compared to
control sample. The most pronounced trend in the increase of dough resistance to extension and
decrease of dough extensibility was observed in the samples with both carob flour and sugar beet
fibres included in the formulation.
Keywords: carob flour, sugar beet fiber, dough rheology

INTRODUCTION
Dietary fibre is considered as one of the food ingredients with a significant contribution to
health. Physiological properties of dietary fibres are associated with prevention of certain
diseases such as: obesity, type 2 diabetes, hypertension, cardiovascular diseases and some
types of cancer (Kendall et al., 2010). The stated link between the intake of dietary fibres and
mentioned health benefits has prompted the interest in fibre-enriched baked products.
Numerous researchers have been focussed on the development of fibre-enriched bakery
products in an attempt to overcome the challenges of the different fibre effect on gluten
network in order to produce acceptable product which meet the consumers demand.
Various different fibres can become inputs for the manufacture of fibre-enriched bread.
Carob flour obtained by milling after the isolation of locust bean gum from carob seed is
considered as a by-product and can be used in the food industry. Addition of carob flour, as a
significant source of protein, high amounts of dietary fibre and micronutrients, to the fibreenriched bread can enhance the overall nutritional value of the bread (Tsatsaragkou et al.,
2012). Moreover, due to the relatively high ratio of total and soluble dietary fibres, low
amount of lipids and low energy value, sugar beet fibres offer excellent food processing
characteristics and physiological benefits to the food producers and consumers (Ozboy and
Koksel, 2000). The main goal of sugar beet fibres application in the production of baked
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products is the improvement of nutritional effect and the technological quality of the final
product (Sekulić et al., 1992).
The significance of rheology in bread preparation has been the subject of many studies
whose results are well documented (Debraszczyk and Salmanowicz, 2008; Ktenioudaki et
al., 2010; Stojceska et al., 2007). The addition of dietary fibres in bread-making has great
influence on dough rheological properties and dough handling. Dietary fibre incorporation
into wheat dough greatly interferes with the gluten network as fibres occupy the space of the
proteins causing its dilution (Rosell et al., 2010). The effects of added fibres are determined
by type and physicochemical properties of fibres as well as their quantity (Ktenioudaki and
Gallagher, 2012).
Therefore, when potential use of fibres is considered for enrichment of bread it becomes
necessary to assess the impact of fibres on bread dough rheology. The objective of this
study was to understand the individual and combined effects of the supplementation of carob
flour and sugar beet fibre on the empirical dough rheology.

MATERIAL AND METHODS
For all tests commercial wheat flour type 500 was used with moisture content 13.3%, 11.1%
proteins, 0.46% ash, 1.1% fat and total dietary fibre 3.1%. Carob flour (provided by Mlinotest,
Slovenia) and sugar beet fibre were used to make dietary fibre-enriched dough. Sugar beet
fibres were obtained after treatment with hydrogen peroxide solution (H2O2, concentration of
30%), followed by the successive and gradual addition of 10 mol L-1 NaOH in the reaction
mixture until pH=11 was reached. 24 h after the chemical treatment mixture was neutralised
with cc HCl until the pH value was between 6 and 7, rinsed with distillate water, pressed,
dried in convective dryer at 65°C and milled on a laboratory mill (Foss Knifetec 195,
Denmark). Sugar beet fibres with particle size less than 315 µm were used in further
rheological tests.
Wheat flour was replaced by carob flour, sugar beet fibres and their combination according to
Box-Behnken experimental design, with independent variables: quantity of carob flour (0, 10
and 20% on flour basis), quantity of sugar beet fibre (0, 3 and 6% on flour basis) and quantity
of preservative (sodium propionate) (0, 0.2 and 0.4% on flour basis) (Table 1).
Table 1. Plan of experiment according to Box-Behnken experimental design
Independent variables
Run
Sugar
beet
Carob flour (%)
fibres (%)
1
0
0
2
0
0
3
0
20
4
0
20
5
0
10
6
6
0
7
6
0
8
6
20
9
6
20
10
6
10
11
3
0
12
3
20
13
3
10
14
3
10
15
3
10

Preservative
(%)
0
0.4
0
0.4
0.2
0
0.4
0.4
0
0.2
0.2
0.2
0
0.4
0.2

The effect of the carob flour and sugar beet fibres on dough rheology during mixing was
determined by a Brabender Farinograph (300-g flour capacity) (Brabender, Duisburg,
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Germany), following the AACC 54-29. The determined parameters were: water absorption
(WA, %), dough development time (DDT, min), stability (ST, min), degree of softening (DS,
BU) and Farinograph quality number/class. For extension tests dough was prepared using
the Farniograph (300-g flour capacity). The extension tests were conducted in accordance
with the standard procedure (AACC 54-10), using the Brabender Extensograph (Brabender,
Duisburg, Germany). The following parameters were determined: energy (E, cm2), resistance
to extension (R, BU), extensibility (Ex, mm), and ratio number.

RESULTS AND DISCUSSION
Effect of carob flour and sugar beet fibres on farinograph parameters
The addition of carob flour and sugar beet fibres promoted differences on the dough mixing
behaviour measured by the farinograph. In Figure 1 are presented farinograph parameters
(water absorption, dough development time and degree of softening) that are most affected
by incorporation of carob flour and sugar beet fibres in fibre-enriched dough.

Figure 1. Effect of carob flour and sugar beet fibres on farinograph parameters

Addition of carob flour and sugar beet fibres mainly modified the farinograph water
absorption. The significant increase in water absorption of 25% and 20% was found with the
addition of 6% sugar beet fibres and combination of 20% carob flour/6% sugar beet fibres,
respectively. The addition of 20% carob flour also increased the water absorption but in
smaller extent (Figure 1). Furthermore, the obtained results showed that sugar beet fibres
had more pronounced effect on water absorption and that with increasing amounts of sugar
beet fibres water absorption also increased. This ability of dietary fibres to absorb
considerable amounts of water is mainly determined by the presence of a large number of
hydroxyl groups in fibre structure which enter into interactions with water via hydrogen bonds
(Rosell et al., 2001). Dough development time and stability values were also modified with
addition of carob flour and sugar beet fibres. The highest extension of the dough
development time (by 85%) was achieved by incorporating 6% of sugar beet fibres. The
trend of dough development time extension by 80 and 75% was also observed with addition
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of 20% carob flour/6% sugar beet fibres in combination and 20% carob flour, respectively
(Figure 1). Extension of dough development time may be associated with the interaction that
occurs between dietary fibres and gluten proteins as they are competing for available water
and thus, fibres inhibit gluten hydration and development (Gomez et al., 2011). A slight
increase in dough stability was noticed with addition of 20% carob flour and 6% sugar beet
fibres while the combination of 20% carob flour/6% sugar beet fibres led to the greatest
increase in the mentioned parameter. The results of previously conducted studies showed
that the addition of dietary fibres had either no influence or increased the dough stability
which can be explained by a stronger interaction between dietary fibres, water and flour
proteins (Borchani et al., 2011). Degree of dough softening was not affected by incorporation
of carob flour, while the addition of sugar beet fibres led to a significant reduction in values of
this parameter. The addition of sugar beet fibre (3%, 6%) decreased the degree of softening
by about 70-80% when compared to control sample. This decrease was a consequence of
the ability of sugar beet fibres to bind and retain bonded water (Rosell et al., 2006) during
dough handling and thus, make a better water link in dough with a corresponding effect on
the degree of softening. The farinograph quality number/class was enhanced by addition of
sugar beet fibres while with incorporation of carob flour this parameter remained unchanged.
Effect of carob flour and sugar beet fibres on extensograph parameters
When analysing the extensograph parameters of fibre-enriched dough, significant changes in
all determined parameters were observed (Table 2). Significant increase in dough energy
was observed in all samples with carob flour and the highest of about 35% was reported in
dough with 20% carob flour. An opposite effect was noticed with addition of sugar beet fibres.
Incorporation of both carob flour and sugar beet fibres in fibre-enriched dough also affected
values of dough energy. This effect depended on the combinations of additions in such a
way that greater amounts of carob flour and sugar beet fibre in combination resulted in a
slight dough energy increase while the smaller amounts led to significant increase in this
parameter (Table 2). Addition of fibre from a range of sources decreases the dough
extensibility, as shown in previously conducted studies, whereas it had a variable effect on
the resistance to extension (Ktenioudaki and Gallagher, 2012). Significant increase in dough
resistance to extension and decrease in dough extensibility were reported for all samples
with carob flour at 10%, 20% replacement levels. The same effect was observed with the
addition of sugar beet fibres at 3%, 6% replacement levels, while the most pronounced trend
in the increase of dough resistance to extension and decrease of dough extensibility was
observed in the samples with both carob flour and sugar beet fibres included in the
formulation (Table 2).
Table 2. Effect of carob flour and sugar beet fibres addition on extensograph parameters of fibreenriched dough
Run

Fibres (%)

Carob (%)

Preservative
(%)

Energy
2
(cm )

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

0
0
0
0
0
6
6
6
6
6
3
3
3
3
3

0
0
20
20
10
0
0
20
20
10
0
20
10
10
10

0
0.4
0
0.4
0.2
0
0.4
0.4
0
0.2
0.2
0.2
0
0.4
0.2

142.9
143.3
196.4
272.2
170.2
101.0
106.2
155.7
148.8
134.0
81.9
120.8
183.6
189.0
200.8
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Resistance to
extension
(BU)
530
520
920
990
760
890
830
1000
1000
900
770
>1000
>1000
1000
>1000

Extensibility
(mm)

Ratio
number

152.0
157
90
95
110
82
90
38
45
54
102
65
84
85
75

3.49
3.31
10.22
10.42
6.91
10.85
9.22
26.32
22.22
16.67
7.55
16.31
12.86
11.76
15.3
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Greater amounts of carob flour and sugar beet fibre added in combination led to increase of
dough resistance to extension for about 45% and decrease in dough extensibility for 75%.
The interactions between the carob flour and sugar beet fibre polymers cross-links can be a
possible explanation of increased dough strength and resistance to extension, while
significant decrease in dough extensibility clearly demonstrates that the addition of both
carob flour and sugar beet fibres negatively affects the gluten network since the extension
property is enabled by the presence of gluten complex proteins. As a consequence of
changes in dough resistance to extension and extensibility significant increase in values of
ratio number were observed (Table 2). Moreover, the ratio number values increased with an
increasing percentage of carob flour and sugar beet fibre replacement.

CONCLUSIONS
Based on the results of evaluation of the farinograph and extensograph parameters of fibreenriched dough prepared with addition of 10%, 20% carob flour and 3%, 6% of sugar beet
fibres it can be stated that the addition of fibres affected the rheological behaviour of dough
during processing. Farinograph water absorption significantly increased with increasing
amounts of sugar beet fibres. As a general and common effect, both carob flour and sugar
beet fibres extended dough development time due the competition for water between fibres
and gluten. The combination of 20% carob flour/6% sugar beet fibres led to the greatest
increase in dough stability. A significant reduction in the degree of dough softening occurred
with addition of sugar beet fibres while this parameter was not affected by incorporation of
carob flour. Farinograph results indicated that fibres had a weakening effect on dough and
optimum dough development required an increase in the quantity of water and mixing time.
The greatest increase in extensograph dough energy was reported with addition of 20%
carob flour followed by addition of 10% of carob flour and 3% sugar beet fibre in combination.
An opposite effect on this parameter was observed with addition of sugar beet fibres. A
significant increase in dough resistance to extension and decrease in dough extensibility
were reported for all samples. The highest increase in dough resistance to extension for
about 45% and decrease in dough extensibility for 75% were observed with addition of 20%
carob flour/6% sugar beet fibres.
The obtained results drive on to conclude that it is of great importance to define the effects of
added fibres on dough rheology. Therefore, it is necessary to have a holistic concept when
developing a new functional fibre-enriched product considering, type, source and quantity of
added fibres.
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ABSTRACT
Neuroprotection after an initial insult, such as seizure activity, is considered essential to prevent the
establishment of epilepsy. The aim of this study was to evaluate the neuroprotective effects of
Aristotela chilensis (Maqui Berry, MB) and dapsone (D) on epileptogenesis associated with neuronal
damage induced by Status epilepticus with kainic acid (AK) in neonatal rats. 96 Sprague Dawley rats
(12 days old) were divided into 5 groups: control group (C), group AK, group AKMB, AKD group and
AKMBD group with 2 evaluations (5 and 20 days post SE). Kainic acid was administered (3 mg /
kg.i.p) and after 40 min SE. Convulsive activity was evaluated daily (4 h), the brains were obtained by
craniotomy, which were processed to assess the damage by staining with Fluoro-jade. The results
showed that the extract of MB and D reduced the number of seizures at 17 and 32 postnatal days, and
the number of degenerating neurons. Maqui Berry had neuroprotective effects which increased in
combination with dapsone. This study suggests that early intervention to reduce the damage induced
by intense seizure activity reduces the risk of developing epilepsy.
Keywords: epileptogenesis, Maqui berry, Dapsone, status epilepticus, seizures

INTRODUCTION
Epilepsy is one of the most common brain disorders, that affects about 67 million people, of
which 85% of them live in developing countries. After initial damage (head trauma, tumors,
status epilepticus) the initial or acute seizure activity is triggered, followed by a latent period
or without seizures and subsequent expression of spontaneous seizures (epileptogenesis)
(Jensen and Baram, 2000). Status epilepticus (SE) is more common in children than in
adults, with half of cases occurring in individuals younger than 2 years (Shinnar et al., 1997).
Some reports indicate that SE produces neuronal damage, resulting in a long-term cognitive
impairment and susceptibility to future seizures (Hesdorffer et al., 1998). Recent studies
report that some of the processes caused by status epilepticus are oxidative stress and
mitochondrial dysfunction involved in the propagation and perpetuation of seizure activity
(Aguiar et al., 2012) and finally, dysfunction of the blood-brain barrier, which increases its
permeability to proinflammatory substances, exacerbating excitatory phenomena (Friedman
et al., 2012). The berries of Aristotelia chilensis (MB) has large amounts of phenolic
antioxidants and bioactive properties compared to other berries (Pool-Zobel et al., 1999).
Recent studies report that the aqueous extract of MB has mainly cyanidins and delfinindins,
which have shown anti-inflammatory effects by regulating the way of kinases such as Akt
and ERK 1/2, which reduce activation of NFkB (Ojeda et al., 2011). These effects have been
linked to the neuroprotective and anticonvulsant effects. On the other hand, dapsone (4,4'diamino-diphenyl sulfone (DDS)) is a member of the group of sulfone, aniline derivative
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which has been reported to possess neuroprotective and anticonvulsant effects by reducing
the frequency of seizures and neuronal loss in hippocampal area in a kainic acid model in
adult rats (Díaz et al., 2013). Therefore, in this study we investigated the effect of aqueous
extract of Maqui berry and dapsone on neurodegeneration and seizure activity in a model of
neonatal SE induced with kainic acid.

METHODS
Animals: Sprague Dawley rats (12 postnatal days (PND), 24 - 26 g), were individually housed
at a temperature of 22°C and with a light-dark cycle of 12 h. They had free access to food
and water throughout the day. Procedures involving animal care were performed under the
Official Mexican Norm (NOM-062-ZOO-1999).
Status epilepticus model with kainic acid: At 12 PND intraperitoneal injection of 3 mg / kg of
kainic acid was applied. The motor seizure activity was evaluated, according to the scale
proposed by Raol et al. (2009) described for immature rats: Phase I: exploratory behavior
ceases, the rat remains still inside the box; phase II: it presents body jerks and jolts; phase
III: it presents recurrent scrapes with the lower extremities; phase IV: it presents recurrent
scrapes with upper and lower extremities; phase V: it presents loss of normal posture (on 4
extremities) and an unsuccessful attempt of regaining that posture, the scrapes are more
frequent. SE was considered when the time between each seizure was less than one minute.
Once the animal reached the SE, it remained in SE for 40 minutes to ensure further damage.
At the end, an intraperitoneal injection of 5 mg / kg of diazepam was applied and the animal
was immediately returned with the mother.
Experimental groups and samples. C group: Animals received an intraperitoneal injection of
50 μl of saline solution and 100 μl of the same solution orally for 5 and 20 days. AK group:
Animals were handled only as described in the kainic acid model. AKMB group: After
application of KA, the animals received a daily oral dose of 100 mg / kg of the aqueous
extract of MB for 5 and 20 days. AKD group: After application of KA, the animals received a
daily oral dose of dapsone (12.5 mg / kg) for 5 to 20 days. AKMBD group: After KA, the
animals received a daily dose of the extract of Maqui berry and dapsone with the doses
described above. At the end of treatment, animals were sacrificed by decapitation and the
brain was removed and placed in a solution of 4% paraformaldehyde for 5 days. Then the
brains were processed and embedded in paraffin. Coronal sections (12 µm thick) were cut
with a microtome (Leica RM2125 RT, Germany) and mounted on slides. The tissues were
processed for immunohistochemistry using an anti-GFAP (Santa Cruz Biotechnology)
antibody and Fluoro-Jade staining, according to the specifications of manufacturer
(Fluorojade B, InVitrogen) on paraffin tissues. Fluoro-Jade positive neurons (FJ +) were
counted per mm2 in serial sections of 50 µm each, with the assistance of an image analyzer
(Image Pro Plus 7 Media Cybernetics) in the area of hippocampus, amygdala and cerebral
cortex.

RESULTS AND DISCUSSION
Effect of treatments on seizure activity: The results showed the neuroprotective effects of
Maqui berry extract and dapsone, as well as their combination, in seizure activity. After 5
days of treatment only AKMBD group showed a significant decrease in seizure frequency in
phase II compared to the AK group. The AKMB, AKD and AKMB groups showed a significant
decrease in seizure frequency in phase III, but no significant difference was observed
between them (Fig. 1). After 20 days of treatment, the AKMB, AKD and AKMBD groups
showed a significant decrease in the frequency of seizures in phase II compared to the AK
group, without significant differences between them. (Fig.1, 2). Throughout the treatments, it
was observed a delay in spontaneous seizures frequency of phase II (until 18 PND) and of
phase III (until 22 PND) (Fig. 2). Anticonvulsant effects shown by Maqui berry extract may be
87

III International Congress “Food Technology, Quality and Safety”

due to its inhibitory effect on activation pathway of the transcription factor kB (NFkB),
pathways involved in inflammation as well as cyclooxygenase 2 and interleukin 1 . This is
supported by recent studies indicating that these molecules are involved in the perpetuation
and propagation of seizures (Céspedes et al, 2010; Ojeda et al., 2011). Maqui berry may
inhibit degradation of IkB molecule, preventing the factor to be transported to the nucleus
blocking the transcription of genes for proinflammatory proteins. The anticonvulsant effects of
dapsone may be due to its modulatory effects on Ca2+ channels thereby preventing neuronal
hypersynchronization caused by seizures. This mechanism of action is present in
anticonvulsant drugs such as zonisamide, with several molecular structure similarities to
dapsone (Diaz et al, 2013.).

Figure 1. Frequency of seizures (seizures / h) phase II (left) and phase III (right) at 17 and 32
postnatal days after kainic acid (AK) and a daily administration of Maqui berry (AKMB)extract,
dapsone (AKD) and both combined treatments (AKMBD). Left *** p <0.018 +++ p <0.0001; right ^^^ p
<0.001 *** p <0.004 +++ p <0.0001. Anova and Tukey's post hoc test

Figure 2. The frequency of seizures (seizures/ h) of phase II (left) and phase III (right) along
treatments. Seizure frequency in phase II. A significant increase by the AK group at postnatal day 18
was observed, while seizure frequency for Phase III showed a significant increase by the AK group
until postnatal day 22

Neuroprotective effect of treatment on neuronal damage: The neuroprotective effect after 5
days of treatment (17 PND) was observed by a decrease in the number of FJ + neurons in
the hippocampus of AKMB, AKD and AKMBD groups (Figure 3 and 4, K-O); however,
dapsone had a greater neuroprotective effect with fewer FJ+ neurons with significant
differences from the other two groups. The same trend was observed in the amygdala and
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temporal cortex (Fig 3, and 4, A-J). The reduction of FJ+ neurons by MB extract, may be due
to its ability to inhibit nitric oxide synthase nNOS and prevent cell death by excitotoxicity
(Cespedes, 2010; Ojeda, 2011; Reyes et al., 2014), It is important to note that in the AKMBD
group (combination of both treatments) a synergistic effect was not observed despite both
have different targets within the same route. The neuronal preservation by treatment
correlates with seizure activity.

Figure 3. Number of FJ + neurons in amygdala, temporal cortex and hippocampus at 17 days post AK
and postnatal daily administration of Maqui berry extract (AKMB), dapsone (AKD) and both combined
treatments (AKMBD). Left amygdalal *** p <0.0001 +++ p <0.0082 ^^^ p <0.0068; Left temporal cortex
*** p <0.0006 +++ p <0.0007 ^^^ p <0.041; right hippocampus *** p <0.009 +++ p <0.045, ANOVA and
Tukey's post hoc test

Figure 4. Photomicrographs Fluorojade staining (white arrow) in the temporal cortex (AE), central
nucleus of the amygdala (FJ) and in the CA3 area of the hippocampus (KO) in each of the
experimental groups at 17 PND, a wide FJ + neuron decrease was observed in the three structures
studied in AKD group (fourth column). GFAP immunoreactive cells, gliosis reaction is observed in the
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hippocampus at 32 days postnatal (P-T), fewer reactive astrocytes in AKMB, AKD and AKMBD groups
are observed

The effects shown by dapsone may be due to its blocking effect on Ca 2+ channels. Thereby,
the inactivation of calcium-dependent enzymes such as those involved in the transcription of
genes for proinflammatory proteins and nNOS, would prevent excitotoxic cell death. This
effect may be related to its anticonvulsant effect due to inactivation of the channels
associated to NMDA channel. At 20 days of treatment (32 days PND), FJ+ neurons were not
observed by Fluoro-Jade staining, so an immunohistochemistry was performed against
GFAP for the presence of reactive gliosis, indicator of a prior neuronal death (Robel, 2015).
In all groups receiving kainic acid injection presence of GFAP was observed, which thereby
correlates with the presence of cells degenerating during the first week. However, treatments
reduced the presence of reactive gliosis at 32 PND (Fig.4), indicating the involvement of glial
in neurodegeneration processes.

CONCLUSIONS
The results indicate that the aqueous extract of MB reduces long-term 17 and 32 PND
seizure susceptibility through its neuroprotective effect, which was shown by reducing the
neurological damage, not as much as it was with dapsone, which has more than
demonstrated its anticonvulsant effect reducing the frequency of seizures at 17 and 32 PND,
associated with less neuronal damage.
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ABSTRACT
The aim of this paper was to examine chemical parameters and water activity in dry pork produced
with less amount of sodium chloride. Trial was consisted from five batches, two control and three
experimental. Pork from control group was cured with 6% nitrite curing salt (C1 group) and with 3%
st
nitrite curing salt (C2 group), respectively. Pork from 1 group was produced with 2% nitrite curing salt
nd
and 1% potassium chloride; pork from 2 group was produced with 1,5% nitrite curing salt and 1,5%
rd
potassium chloride; dry meat from 3 group was produced with 2% nitrite curing salt and 1%
ammonium chloride. Curing process lasted for 7 days; smoking, drying and ripening for 21 days. In
final products, water activity, moisture, protein and fat content was determined. The highest level of
water activity of 0.905 was determined in dried meat cured with 3% nitrite curing salt, which
correspond to highest moisture content of 45.87%. The lowest water activity of 0.847 was in meat
cured with 2% nitrite curing salt and 1% potassium chloride. According to obtained results it can be
concluded that partial replacement of sodium chloride with other chloride salts in the aim of reduction
of sodium content in dried meat, has impact on some chemical parameters as well as on the water
activity that is one of the most important factors of shelf life of this kind of products.
Keywords: dry pork, water activity, potassium chloride, ammonium chloride, sodium content reduction

INTRODUCTION
Today, there are many reasons for salt reduction in food. Dietary sodium intake in many
cases exceeds requirements recommended by World Health Organization. Excessive
sodium intake causes many health risks, especially appearance of essential hypertension.
Sodium chloride (salt) content can be reduced in meat products in different ways but most
common is partial replacement of sodium chloride with potassium chloride (Terell, 1983;
Guàrdia et al., 2006). Besides potassium chloride, other chloride salts, mainly salts of
magnesium and calcium and ascorbates can be used as replacers (Ruusunen and
Puolanne, 2005). The main problem in this case is the occurrence of a bitter taste of product,
because only sodium chloride has a clearly salty taste.
Although sodium-chloride has no direct antimicrobial effects and its effect is linked with
decreasing of water activity (Prändl, 1988), there are always possibility for microbial spoilage
particularly in inner part of meat. The part of meat with the highest risk is inner part of ham in
the area of arteria femoralis due to the lowest salt concentration, the highest water content
and high level of water activity (León-Crespo et al., 1997; Barat et al., 2005). Due to that, for
example, “post salting” period during the production of dry cured ham is carried out at 3 °C
with aim to prevent growth of microorganisms, especially Clostridium botulinum (Ventanas
and Cava, 2001). Anyway at partial substitution of sodium-chloride with other chloride salts,
Blesa et al. (2008) did not found out significant changes in microorganism count at different
formulations of salts.
The sodium content could be reduced in dry-cured pork loin down to 50% by using a mixture
of potassium-chloride, magnesium-chloride and calcium-chloride without significantly
affecting either the sensory and/or safety quality of the final product (Aliño et al., 2009;
Armenteros et al., 2009). Sodium content could also be reduced in dry-cured ham by about
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40% by similar mixture of chloride salts keeping similar physicochemical properties and low
microbiological development (Blesa et al. 2008; Aliño et al., 2010).
The aim of this paper was to examine the changes in proximate composition and water
acitiviy in the production of dry pork with reduced sodium-chloride/sodium content using less
amount of nitrite curing salt and less amount of different mixtures of chloride salts

MATERIAL AND METHODS
Trial was consisted from five batches of pork (m. longissimus dorsi), originated from pigs
Great White x Swedish Landrace, at age 6 months, two control and three experimental
batches. Pork from control group was cured with 6% nitrite curing salt (C1 group) and with
3% nitrite curing salt (C2 group), respectively. Pork from 1st group was produced with 2%
nitrite curing salt and 1% potassium chloride; pork from 2nd group was produced with 1,5%
nitrite curing salt and 1,5% potassium chloride; dry meat from 3rd group was produced with
2% nitrite curing salt and 1% ammonium chloride, according to the Table 1.
Table 1. Added salts and additive
Grou Sodium chloride, Potassium chloride,
p
[g/kg]
[g/kg]
C1
60.00
C2
30.00
st
1
20.00
10.00
nd
2
15.00
15.00
rd
3
20.00
-

Ammonium chloride,
[g/kg]
10.00

Sodium
mg/kg
150
75
50
37.5
50

nitrite,

The proximate composition was carried out by determining of the moisture content (SRPS
ISO 1442, 1998), total protein (SRPS ISO 937, 1992), total fat (SRPS ISO 1443, 1998) and
total ash content (SRPS ISO 936). Water activity was measured by method according to ISO
21807 (2004). Obtained results are statistically evaluated using Microsoft Excell 2010.

RESULTS AND DISCUSSION
In Table 2 are presented the results of proximate composition and water activity in dry pork
produced with different salt mixtures.
Table 2. Proximate composition and water activity in dry meat
Fat content
Protein content Moisture content
Group
%
%
%
x
C1
4.03
46.2
43.4
y
C2
4.15
46.2
45.8
st
z
1
4.11
48.2
41.0
nd
x
2
3.56
46.0
43.8
rd
x
3
3.96
46.7
43.5
x, y, z

Ash content
%
6.62
5.93
6.48
6.70
6.19

Water activity
x

0.891
x
0.905
y
0.847
y
0.860
y
0.851

Significant difference (p ≤ 0.01)

Moisture content was similar in dry meat from C1, 2nd and 3rd group. The lowest moisture
content was determined in meat from 1st group, while the highest value was determined in
meat from C2 group. Higher moisture content (p≤0.01) in meat cured with 3% of nitrite curing
salt (C2) is expected due to double less amount of used salt than in meat from C1 group.
Similar results of moisture content in dry meat from other groups are in accordance with
findings of Aliño et al. (2009a). Armenteros et al. (2012), which did not find out statistical
differences in moisture content in dry meat produced with different salt mixtures in the
comparison with traditionally salted meat. Conversely to that, Wu et al. (2014) found out that
the moisture content in bacon was significantly higher when potassium chloride was used in
the comparison with meat salted only with sodium chloride.
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Values of protein and ash content were similar in meat treated with different salt mixtures
and between them did not establish statistical differences (p≥0.05).
Between products from C1, 1st, 2nd and 3rd group did not established statistical differences in
water activity (p≥0.05). Water activity of 0.905 determined in dry meat from C2 group was
significantly less than in dry meat from other groups (p≤0.01). Water activity decreases in
meat during the process of drying and fermentation (Lorenzo et al., 2015) and according to
this author the highest decline appears in dry meat where is sodium-chloride was partially
substituted with 50% potassium chloride, but it was contributed that this decline was also
consequence of higher water loss during drying which is confirmed by positive correlation
between water activity and decreased moisture content.
The presence of potassium chloride in meat accelerates the salting period, necessary to
achieve target chloride content in inner parts of meat (Aliño et al., 2010), whereby the time of
salting/curing is shorter with larger amount of potassium. This finding confirmed the results of
previous investigations of (Aliño et al., 2009, 2009a; Blesa et al., 2008) which contributed
that potassium ions easily penetrate in muscle tissue. Adding of calcium chloride and
magnesium chloride at the same potassium content prolongs salting period. Calcium and
magnesium cations are more electronegative than sodium and potassium cations and they
are firmly connected with polar protein groups that slow down penetration process in meat
(Xiong and Brekke, 1991).

CONCLUSIONS
Curing of pork with different amount of nitrite curing salt and with different mixtures of
chloride salts did not influence fat, protein and ash content in finished products.
Amount of added salt influence significantly moisture content in dry pork, whereby meat
cured with 3% of nitrite curing salt has the highest moisture content (p≤0.01). Between dry
meat from others groups did not establish statistical differences (p≥0.05).
Dry pork produced with 3% of nitrite curing salt has the highest level of water activity,
significantly different from products from other groups (p≤0.01).
Generally, production of dry pork with less amount of different mixture of chloride salts is
possible without significant influence on proximate composition and could be used for
development dry meat product with reduced sodium-chloride/sodium content.
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ABSTRACT
A growing trend for nutraceutical and gluten-free cereal-based products highlights the need for
investigation and usage of novel ingredients. Buckwheat is one of the potential components for the
development of gluten-free and functional products due to a high content of phenolic compounds that
are associated with antioxidant properties of foods. However, during storage of buckwheat flour, the
content of phenolic compounds is changed. This article provides the insight into the effect of storage
of buckwheat grains on phenolic compounds content.
Buckwheat grains were analysed prior to and after the storage period. Grains were stored at the room
temperature (25 °C) for a year. Fifteen phenolic compounds, phenolic acids and flavonoids, both in
free and bound forms were identified and quantified by using HPLC-DAD method, on 1.8 µm,
4.6 x 50 mm reversed phase column. The obtained results showed a considerable reduction of free
and significant increase of bound forms of phenolic compounds during the storage period. Rutin
content reduction was followed by increase of quercetin content.
Keywords: phenolic acids, flavonoids, rutin, quercetin, whole grain buckwheat flour

INTRODUCTION
As consumers are increasingly becoming aware of the health impact of food, the food
industry tends to introduce new ingredients in order to improve the nutritional and functional
properties of food products. Great attention is paid to ancient crops such as buckwheat.
Buckwheat is dicotyledonous pseudocereal which belongs to the family Polygonaceae,
genus Fagopyrum. It can be found almost everywhere but grows mainly in the northern
hemisphere (Li and Zhang, 2001). In Serbia, buckwheat grows in the region of Zlatar and
Subotica.
The interest for this crop increased due to its healing effects over chronic diseases (Zhang et
al., 2012). Among pseudocereals, buckwheat is one of the best sources of proteins,
minerals, antioxidants and dietary fibres (Sedej et al., 2011). Antioxidant components in
buckwheat, such as flavonoids, phenolic acids, tannins, phytosterols and tocopherols play an
important role as anti-inflammatory and anti-carcinogenic agents (Kreft et al., 2006). The
most important flavonoids which were found in buckwheat, but not found in other cereals and
pseudocereals, are rutin and quercetin. Rutin antagonizes the increase of capillary fragility,
reduces high blood pressure, reduces the risk of arteriosclerosis and possess antioxidant
activity (Kreft et al., 2006). Quercetin has anti-cancerogenic, antiviral, anti-ischemic, antiinflammatory and anti-allergenic, as well as preventive effect in atherosclerosis and
cardiovascular diseases (Kalender et al., 2012). Apart from these constituents, buckwheat
also contains catechin, condensed tannin with relatively high antioxidant capacity
accompanied with cardioprotective, diuretic and hypotensive actions (Yetuk et al., 2014).
However, when buckwheat is used in food industry, it is generally stored prior to being
processed. During the storage, the content of phenolic compounds of buckwheat grains and
flour is changed, and accordingly, expected health benefits could be changed as well.
Therefore, the aim of this research was to prove whether and to what extent buckwheat seed
storage affects phenolic compounds content.
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MATERIALS AND METHODS
Raw materials
Common buckwheat grains (moisture 11.81%, protein 15.24%, fat 3.24, ash 2.65%, reducing
sugars 2.30%, and starch 71.60%) were purchased from Hemija Commerce, Novi Sad,
Serbia. One portion of buckwheat grains was stored at room temperature (25°C) and relative
humidity of 50–60%, in bags for a year. Prior to analysis, buckwheat grains were grounded
on a stone mill (mill stone diameter 1000 mm; Rajica Topalović i sin, Trstenik, Serbia) and
sieved (100-mesh screen). The obtained buckwheat flour was a mixture of ground aleuron
seed layer, germ, and a portion of hulls passed through the sieve.
Extraction of phenolic compounds
Phenolic compounds were extracted from the flour according to method described in
Jambrec et al. (2015). Briefly, a portion of about 5 g of flour was sonicated with 12.5 mL of
ethanol/water (4:1, v/v) (40 ºC, 15 min). The obtained extract was centrifuged (10 min at
1006.2 g) and separated supernatant was evaporated and analysed for free phenolic
compounds. Separated solid phase was subjected for alkali hydrolysis (with 50 mL of
methanol and 10 mL of 50% potassium hydroxide) followed by extraction with diethyl
ether/ethyl acetate (1:1, v/v). The organic fractions were collected and evaporated. Prior to
analysis, each extract was dissolved in 5 mL of methanol/1% formic acid in water (1:1, v/v)
and filtered through 0.45 µm pore size PTFE filter (Rotilabo-Spritzenfilter 13 mm, Roth,
Karlsruhe, Germany) before injection into the HPLC system.
HPLC/DAD analysis
The chromatographic separation of the examined analytes was performed by using a liquid
chromatograph (Agilent 1200 series), equipped with a diode array detector (DAD), on an
Agilent, Eclipse XDB-C18, 1.8 mm, 4.6 x 50 mm column, at a flow-rate of 1.000 mL/min. A
single rapid resolution, reversed phase HPLC method published by Mišan et al. (2011) was
used. The mobile phase of HPLC system consisted of A (methanol) and B (1% formic acid in
water (v/v)). Solvent gradient was as follows: initial 10% A; 0–10 min, 10–25% A; 10–20 min,
25–60% A; 20–30 min, 60–70% A. Prepared extracts (10 µL), were injected and detection
was carried out at 280, 330 and 350 nm. Phenolic compounds were identified by comparing
retention times and spectra with those of their respective standards.
Statistical analysis
The percentage of phenolic compounds decrease or increase during the storage of
buckwheat grains was calculated based on the content of compounds determined in fresh
and stored buckwheat grains.

RESULTS AND DISCUSION
Phenolic compounds can be found in both free and bound forms in cereals (West et al.,
2013). They exist primarily as glycosides linked to sugar moieties or as other complexes
linked to organic acids, amines, lipids, carbohydrates, and other phenols (Ziegler et al.,
2016). The free phenolics are not covalently bound to cell wall structural components, which
makes them more easily extractable with solvents. Inglett et al. (2011) found that the ratio of
free and bound phenolic compounds in buckwheat is approximately 50:50, while the
dominant polyphenolics in buckwheat, ferulic acid and rutin, mainly exist in free form (Hung
and Morita, 2008).
In the present study, fifteen phenolic compounds were identified and quantified, both in free
and bound forms. Five of them were hydroxybenzoic acids: gallic acid (GA), protocatechuic
acid (PCA), p-hidroxybenzoic hydroxybenzoic acid (p-OH-BA), vanillic acid (VA) and syringic
acid (SRA); six hydroxycinnamic acids: p-coumaric acid (p-CoA), ferulic acid (FA), caffeic
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acid (CfA), sinapic acid (SIA), chlorogenic acid (CHA) and cinnamic acid (CA); four
flavonoids: flavonols – rutin (RU), and quercetin (QU); flavan-3-ols – catechin (CAT), and
epicatechin (ECAT).
Initially, phenolic compounds were predominantly present in fresh buckwheat grains in free
form. The most abundant free phenolic acid was caffeic acid 42.73 mg/kg dw, followed by
PCA and VA, 26.08 and 15.53 mg/kg dw, respectively. Flavonoids were also detected mainly
in free form, and except catechin, they were not found in bound form in fresh buckwheat
grains. The highest content of free flavonoids possessed rutin (168.90 mg/kg dw) and
catechin (68.99 mg/kg dw).
Contrary to the fresh, the stored buckwheat grains contained majority of phenolic acids
present in the bound form, and the storage conditions influenced significant increase of this
fraction content. This increase may be the result of enzymatic activity that makes phenolics
more extractable after the storage, while the observed decrease of free forms may be due to
oxidation processes, or because of the degradation into other metabolites.
Free ferulic, galic and sinapic acids showed the highest reduction during storage (100.00%,
91.16%, and 72.48%, respectively). Apparently ferulic acid underwent destructive oxidation
reactions during the storage. The results are in accordance with Sosulski et al. (1982) who
reported reduction of ferulic acid content during wheat flour storage. Furthermore, rutin
reduction (about 45%) observed during the storage was followed by an increase of the
quercetin content (about 36%), which can be explained by conversion of rutin into quercetin
in reaction catalised by rutin degrading enzymes (Vogrinčič et al., 2010). The loss of rutin
during the storage was observed in tobacco (Sheen and Calvert, 1969), as well.
In general, the total phenolic content during the storage increased from 2% (PCA) to 77%
(SRA), as a result of considerable increase of phenolics in bound form. The increased
content of phenolic acids due to the storage is in agreement with the results reported by
Dimberg et al. (1996) and Ziegled et al. (2016) who observed increased levels of phenolic
acids in stored oat groats and soybean, respectively. However, the total contents of RU, SIA
and FA were lower in the stored buckwheat grains in comparison to buckwheat on the 1st day
of the storage.
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Figure 1. Percentage of decrease/increase of free and bound phenolic compounds during buckwheat
grains storage

Figure 2. Percentage of decrease/increase of the total phenolic compounds content during buckwheat
grains storage

CONCLUSION
The fresh and stored buckwheat grains contained the same phenolic compounds, but the
storage of buckwheat grains for 1 year generally sligtly increased the levels of phenolic
compounds. Although the results revealed that total phenolics content was increased during
buckwheat grains storage, it should be emphasised that the content of free phenolics was
drastically reduced probably due to oxidation processes. Bearing in mind that the storage
conditions may affect the bioactive compound content, future studies may be conducted to
investigate the optimal storage conditions in order to reduce the degree of oxidative
processes and to prevent free polyphenols reduction.
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ABSTRACT
Blackberries fruits (Rubus fruticosus) are mostly consumed in the fresh and frozen forms. However,
this fruit has been widely used in the food industry for the production of juices, syrups, confitures, jam,
jelly, wine, brandy, vinegar and others. Blackberries are rich source of natural antioxidants such as
phenolic compounds and ascorbic acid.
The aim of our study was to estimate the influence of citric acid addition during the production of
blackberry syrup on its antioxidant potential. The total phenolics and anthocyanins contents as well as
antioxidant activity were evaluated by three contemporary and compatible methods. The blackberry
syrups, with and without citric acid, were produced by traditional method. The obtained values for
syrups were compared with each other, but also with the fresh blackberries.
The results of this study indicate on the significantly lower contents of total phenolic compounds and
total monomeric anthocyanins, as well as antioxidant activity of the syrups compared to fresh fruit.
Additionally, there is no statistically significant difference between two syrups in terms of total
phenolics and total anthocyanins contents, while the syrup containing citric acid has significantly
stronger antioxidant activity.
Based on these results, it can be concluded that long-term effect of increased temperatures and
aeration during production of syrup by traditional method very significantly influenced the losses of
antioxidant properties, but citric acid addition could contribute to decreasing of these losses.
Keywords: blackberry syrup, citric acid, antioxidant activity, phenolic compounds, anthocyanins

INTRODUCTION
The blackberry fruits (Rubus fruticosus) belong to the group of berries that is widespread in
Europe and North America. It has been consumed in the fresh and processed forms. These
fruits are rich source of phenolic compounds, such as phenolic acids, tannins, flavonoids and
anthocyanins (de Souza et al., 2014). Additionally, blackberry is known for its high content of
vitamins, minerals and dietary fibers (Wang and Lin, 2000). Due to this chemical profile,
blackberry is a biologically worth fruit with positive effects on the human health (Seeram,
2008). This fruit has been widely used in the food industry for the production of juices,
syrups, confitures, jam, jelly, wine, brandy, vinegar and others. It contains numerous
bioactive compounds with antioxidant activity such as phenolic compounds and vitamin C
(Fukumoto and Mazza, 2000; Siriwoharn et al., 2004; Pantelidis et al., 2006; Paunović et al.,
2016). A measure of total antioxidant capacity of foods enables better understanding of their
functional properties (Prakash et al., 2000). Among polyphenolic compounds of blackberry
fruits, anthocyanins attract a great interest as natural pigments and antioxidants (Siriwoharn
et al., 2004; Pantelidis et al., 2006). Blackberry expresses higher antioxidant activity
compared to many other berries due to the content of phenolic compounds, especially
anthocyanins (Pellegrini et al., 2003; Stajčić et al., 2012). This statment applies even for the
pomaces of those fruits (Tumbas-Šaponjac et al., 2014; Kalušević et al.,2016).
Citric acid as an antioxidant and acidity regulator, is naturally present in many fruits. Also, it
is industrially produced by biotechnological processes using microorganisms. Citric acid
(food additive E330) has been widely used in the food industry. The aim of this study was to
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investigate the influence of the citric acid addition during the production of blackberry syrup
on its antioxidant potential. Therefore, antioxidant capacities of syrups produced with and
without citric acid were compared with control sample (fresh fruit).

MATERIAL AND METHODS
Preparation of blackberry syrup
The fruits of blackberries Čačanska bestrna variety used in this experiment were harvested
in the locality of Lazarevac (Kolubara district, West Serbia). They were uniform in colour and
maturity, without visible damage and harvested without the leaves and stems. The blackberry
syrups, with and without citric acid addition, were produced by traditional method. Blackberry
fruits (220 g) were chopped in an electrical device for production of the syrups (1 kg). 80%
sugar syrup (780 g) was poured over chopped fruits (773 g when citric acid (7 g) was added
in syrup). After 12 h, the mixture was mashed. The produced syrups were pasteurized at 75
°C during 10 minutes and stored in glass bottles in dark and cold place until the analysis.
Fresh blackberries (sample A), blackberry syrup (sample B) and blackberry syrup with added
citric acid (sample C) were analyzed in detail.
Soluble solids content
The soluble solids content was determined by using standard refractometric method (SRPS
EN 12143:2005).
Determination of total phenolics
The amounts of total phenolics (TPC) in samples were determined according to the FolinCiocalteu method described by Singleton and Rossi (1965). Briefly, 0.5 mL of diluted
samples were mixed with 2.5 mL of 10-fold diluted Folin-Ciocalteu’s phenol reagent and
allowed to react for 5 minutes. Two milliliters of sodium carbonate solution (75 g/L) was
added to the mixture and then shaken. After 2 h of reaction at room temperature, the
absorbance at 760 nm was measured. The calibration curve was prepared with gallic acid
solution, and the results were expressed as milligrams of gallic acid equivalents per 100
grams of sample (mg GAE/100 g). Triplicate measurements were performed.
Determination of total anthocyanins
The content of total monomeric anthocyanins (TAC) was determined by pH differential
method that is based on the structural transformation of anthocyanins in change in pH (Lee
et al., 2005). The content of anthocyanins is determined by measuring the change in
absorbance at two different pH values (pH = 1 and pH = 4.5), whereby the difference in
absorbance of a pigment at a wavelength of 520 nm is proportional to the concentration of
the pigment. The concentration of the monomer is expressed as milligrams of anthocyanin
cyanidin-3-glucoside equivalents per 100 grams of sample (mg CGE/100 g) according to the
following formula:
anthocyanin content(cyanidin-3-glucoside equivalents, mg/L) = A x MW x DF x 103 / ε x l,
where: A= (A520nm – A700nm)pH1.0 – (A520nm – A700nm)pH 4.5; MW = molecular weight of cyanidin-3glucoside (cyd-3-glu); DF = dilution factor; l = pathlength (1 cm); ε = molar extinction
coefficient (26900), and 103 = conversion factor. Triplicate measurements were performed.
DPPH radical-scavenging activity
DPPH radical-scavenging activity of samples (AA) was estimated following the slightly
modified procedure described by Brand-Williams et al. (1995). Every diluted sample (0.2 mL)
was added to the DPPH working solution (2.8 mL) (mixture of 1.86x10-4 mol/L DPPH in
ethanol and 0.1 M acetate buffer (pH 4.3) in ratio 2:1 (v/v)). The absorbance at 525 nm was
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measured after the solution had been allowed to stand in the dark for 60 min. The Trolox
calibration curve was plotted as a function of the inhibition of DPPH radical (percentage). The
results were expressed as millimoles of Trolox equivalents per 100 grams of sample (mM
TE/100 g). Triplicate measurements were performed.
Statistical analysis
All obtained results were expressed as mean ± standard deviation. The experimental data
were tested using One-way analysis of variance (ANOVA) and Tukey’s test in order to detect
significant difference (p < 0.05) between the mean values. Statistical analysis was performed
with the statistical program STATISTICA 12 (Data Analysis Software System, Stat-Soft, Inc.,
USA). The same program was used for correlation analysis.

RESULTS AND DISCUSSION
The soluble solids content was 14.8%, 65.7% and 65.1%, for the samples A, B and C,
respectively. The results of the investigations conducted in this study are shown in Table 1.
Table 1. Chemical composition and antioxidant activity of blackberry products
Sample

Soluble
content
(%)

solids

A
B
C

14.8 ± 0.2
b
65.7 ± 0.2
b
65.1 ± 0.1

a

TPC
(mg GAE/100 g of
sample)
a

356.75 ± 5.05
b
165.48 ± 5.00
b
166.91 ± 4.21

TAC
(mg CGE/100 g of
sample)
111.50 ± 2.90
b
26.13 ± 1.08
b
30.71 ± 2.95

a

AA - DPPH
(mM TE/100 g of
sample)
a

22.7 ± 0.1
b
8.7 ± 0.0
c
11.1 ± 0.1

*

Different letters in the same column denote a significant difference according Tukey’s test, p < 0,05

The contents of total phenolics and anthocyanins, as well as antioxidant activity are
expressed per 100 g of the sample (fresh fruits and syrup of blackberry) which was in
agreement with the results of the blackberry analysis published by de Souza et al. (2014)
and Wang and Lin (2000).
The total phenolic content of investigated samples was in the range from 165.48 to 356.75
mg GAE/100 g which was in accordance with the results obtained by de Souza et al. (2014);
Wang and Lin (2000); Hager et al. (2008) and Wu et al. (2010). The results demonstrated a
significantly lower TPC of blackberry syrups compared to fresh blackberry fruits. This was
expected since phenolic compounds are sensitive to the effects of increased temperature
and aeration during the food processing (Paunović et al., 2014; Paunović et al., 2016).
However, there was no statistically significant difference between the samples of syrups in
terms of TPC, which indicated that the addition of citric acid had no influence on TPC.
Total anthocyanins content of investigated samples was in the range from 26.13 to 111.50
mg CGE/100 g sample which was in agreement with previous findings by de Souza et al.
(2014); Wang and Lin (2000); Siriwoharn et al. (2004); Hager et al. (2008) and Wu et al.
(2010). The samples of syrups showed significantly lower TAC than fresh fruits. It was also
expected since anthocyanins are sensitive to the effects of increased temperature and
aeration (Ćujić et al., 2013). The chopping and mashing of fruits during the syrup production
led to a damage of plant tissue which accelerates oxidation processes. The addition of citric
acid has not affected TAC, since there was no significant difference between TAC among the
produced syrups.
DPPH radical-scavenging activity was in the range from 8.7 to 22.7 mM TE/100 g sample
which was in accordance with previously published data by Pantelidis et al. (2006); Wang
and Lin (2000); Hager et al. (2008) and Wu et al. (2010). Antioxidant activity of fresh
blackberry was significantly stronger than antioxidant activity of each blackberry syrup. In
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addition, the syrup with added citric acid showed significantly stronger antioxidant activity
than the syrup without citric acid.
It could be concluded that the processing of blackberry fruits into syrup caused the
decreasing of total phenolics and anthocyanins contents, as well as antioxidant activity.
The addition of citric acid had no statistically significant effect on the total phenolics and
anthocyanins contents, while its influence on antioxidant activity was significant compared to
the syrup without citric acid. Generally, citric acid has not demonstrated the significant effect
on the total phenolics and anthocyanins contents, but as an antioxidant it can have an impact
to the other compounds which contribute to antioxidant activity of the final product.

CONCLUSIONS
Blackberry fruits have a very high biological value which can be retain at a satisfactory level
after the production of syrup. The blackberry syrups, with and without citric acid and fresh
blackberry fruits were compared for their total phenolics and anthocyanins contents, as well
as antioxidant activity. These tested parameters were significantly higher in the sample of
fresh fruits, while there was no significant difference between the samples of syrups in terms
of their total phenolics and anthocyanins contents. Significant difference was observed only
for antioxidant activity in favor of the syrup with citric acid. These results indicate that thermal
treatment and aeration during processing contributed significantly to decreasement of
antioxidant activity of blackberry syrup, but the addition of citric acid can minimize these
losses.
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ABSTRACT
Tea made of dried raspberry leaves has been consumed traditionally. It is characterized by pleasant
aroma and taste, as well as health beneficial effects. These effects are attributed mainly to the high
content of polyphenols with antioxidant properties.
In this study, raspberry tea was prepared by making aqueous infusions as the most common way for
medicinal herbs. The aim of the present study was to determine the effect of different extraction
conditions: water temperature (40 °C and 80 °C) and extraction time (15 and 30 minutes) on the
content of phenolic compounds and antioxidant capacity of raspberry leaves. For that purpose, the
obtained extracts were characterized for their total polyphenolic content by the Folin-Ciocalteu
method. The antioxidant activity against stable 2,2-diphenyl-1-picrylhydrazyl, the ferric reducing ability
and the generation of 2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) radical cation was
assessed.
Additionally,
contents
of
flavonoids
and
flavan-3-ols
were
determined
spectrophotometrically.
The raspberry extract obtained by applying higher temperature (80 °C) and longer time (30 minutes)
was characterized by the highest contents of total polyphenolic compounds (77.80 mg GAE/g),
flavonoids (32.10 mg quercetin/g), as well as flavan-3-ols (2.58 mg (+)-catechin/g). Also, this extract
expressed the strongest antioxidant activity, except for the generation of 2,2’-azinobis-(3ethylbenzothiazoline-6-sulfonic acid) radical cation.
The results of this study have confirmed that the raspberry leaves are a very important source of
valuable bioactive compounds with antioxidant activity which could be used in the food or
pharmaceutical industry. Further researches are needed to determine the exact polyphenolic profile,
their bioavailability and health benefits of these extracts.
Keywords: raspberry leaves, polyphenols, antioxidant activity, flavonoids, flavan-3-ols

INTRODUCTION
Raspberry (Rubus idaeus L.) is one of the most important produced and exported products
from Serbia. Raspberry fruits are attractive, tasty and juicy with special aroma, as well as
with high nutritional, dietetic and technological value (Kljajić et al., 2013). In addition to fruits,
other parts, such as leaves have been used traditionally for many therapeutic purposes
(Patel et al., 2004).
The use of herbal remedies is widespread among different patient groups and in the general
population to promote health (Holst et al., 2009). The trend of wide using and applications of
herbs as herbal infusions or tea, as the common name, is preserved from traditional
medicinal systems to this day owing to the rich and diverse phytochemicals composition
(Komes et al., 2014). Tea made from the raspberry leaves has been used in folk medicine to
treat wounds, diarrhea, colic pain, morning sickness and as a uterine-relaxant (Venskutonis
et al., 2007).
Benefits to human health are attributed to polyphenolic compounds, especially ellagic acid
and ellagitannins which have a significant affect to sensorial properties of raspberry leaves
tea (Belščak-Cvitanović et al., 2012). Apart from ellagic acid and tannins, raspberry leaves
are a rich source of flavonoids such as quercetin and kaempferol (Gudej and Tomczyk,
2004). The content and composition of phenolic compounds contribute to good antioxidant
activity of raspberry leaves (Wang and Lin, 2000). Additionally, raspberry leaves contain
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significant amounts of vitamins A, B complex, C and E, as well as minerals Ca, Fe, Mg, P
and K (Gallaher et al., 2006).
Due to the potential beneficial health effects related to tea drinking, it is important to
determine the optimal extraction conditions for obtaining of tea with the highest content of
biologically active compounds and strong antioxidant activity. Therefore, the aim of this study
was to evaluate the effect of different extraction conditions (water temperature and extraction
time) on the content of phenolic compounds and antioxidant capacity of raspberry leaves tea.

MATERIAL AND METHODS
Chemicals and materials
All the chemicals used for the experimental procedures were of analytical grade and used as
such without further purification. Raspberry leaves of Willamette cultivar were collected in
Arilje (Western Serbia) during the full ripening stage of the fruits (July, 2015).
Sample preparation
Harvested leaves were air-dried at room temperature in the dark. Afterwards, the dried
material was ground in the mill to fine powder.
The aqueous extraction procedure was applied in order to simulate the process of tea
preparation. The raspberry leaves (0.5 g) were extracted in 50 mL of distilled water on a
magnetic stirrer. The effect of different extraction conditions: water temperature (40 and 80
°C) and extraction time (15 and 30 minutes) on the content of polyphenolic compounds, as
well as antioxidant capacity of teas was studied. After extraction, the samples were filtered
and centrifuged at 6000 rpm during 4 minutes.
Determination of total phenolic compounds
The content of the total phenolic compounds was determined according to a method with
Folin-Ciocalteu’s reagent (Singleton and Rossi, 1965). An aliquot of each diluted extract (0.5
mL) was mixed with 10-fold diluted Folin-Ciocalteu’s phenol reagent (2.5 mL) and allowed to
react for 5 minutes. The sodium carbonate solution (75 g/L, 2 mL) was added to the mixture
and shaken. After 2 h of reaction at room temperature in dark, the absorbance of blue
coloration was measured at 760 nm. Gallic acid was used as the standard and the results
were expressed as mg gallic acid equivalents (GAE)/g of dry weight.
Determination of flavonoids
The content of total flavonoids was assessed spectrophotometrically according to a
previously published method with some modification (Zhishen et al., 1999). The volume of
2.5 mL of extracts was mixed with 150 µL 5% NaNO2 solution and allowed to react during 6
minutes. 10% AlCl3 (150 µL) was added and left to react for 5 minutes. Afterwards, 1 mL of
1M NaOH solution and 1.2 mL of distilled water were added and absorbance was measured
at 510 nm. Quercetin was used as the standard and the results were expressed as mg
quercetin equivalents (QE)/g of dry weight.
Determination of flavan-3-ols
The content of flavan-3-ols was estimated using the vanillin assay (Di Stefano et al., 1989).
500 µL of each extract was mixed with 3 mL of 4% vanillin solution and allowed to react for 5
minutes. 35% chloric acid (1.5 mL) was added to mixture and vigorously shaken. After 15
minutes of reaction at room temperature in dark, the absorbance of red coloration was
measured at 500 nm. The amount of flavan-3-ols was calculated according to the
corresponding formula based on difference between absorbance of vanillin-containing
sample and blank. The results were expressed as mg (+)-catechin/g of dry weight.
Determination of DPPH radical-scavenging ability
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The samples were analyzed according to the slightly modified previously published
procedure (Sharma and Bhat, 2009). An aliquot of diluted sample (0.2 mL) was mixed with
2.8 mL of DPPH solution (mixture of 1.86x10-4 mol/L DPPH in ethanol and 0.1 M acetate
buffer (pH=4.3) in volume ratio 2:1). Free radical scavenging activity was determined by
measuring the absorbance of solution at 525 nm after 30 minutes of reaction at room
temperature in dark. Trolox was used as standard and the results were expressed as mM
Trolox equivalents (TE)/g of dry weight.
Determination of ferric reducing/antioxidant power (FRAP assay)
The FRAP assay was carried out according to the published procedure with some
modification (Benzie and Strain, 1996). The FRAP solution was prepared by mixing acetate
buffer (pH=3.6), TPTZ (10 mM TPTZ solution in 40 mM HCl) and FeCl 3x6H2O in volume ratio
10:1:1, respectively. Each diluted extract (0.1 mL) was mixed with distilled water (0.3 mL)
and FRAP reagent (3 mL). After the reaction at 37 °C for 40 minutes, the absorbance of blue
coloration was measured at 593 nm. Trolox was used as standard and the results were
expressed as mM Trolox equivalents (TE)/g of dry weight.
Determination of ABTS radical-scavenging ability
The Trolox equivalent antioxidant capacity (TEAC) of raspberry leaves extracts was
evaluated by the ABTS radical cation decolorization assay (Re et al., 1999). The volume of
30 µL of each diluted sample was mixed with 3 mL of ABTS solution. After reaction for 6
minutes the absorbance of green coloration was measured at 734 nm. Trolox was used as
standard and the results were expressed as mM Trolox equivalents (TE)/g of dry weight.
Statistical analysis
All results were obtained in three independent measurements and expressed as mean ±
standard deviation. The experimental data were tested using One-way analysis of variance
(ANOVA) and Tukey’s test in order to detect significant difference (p<0.05) between the
mean values. Statistical analysis was performed with the statistical program STATISTICA 12
(Data Analysis Software System, Stat-Soft, Inc., USA).

RESULTS AND DISCUSSION
The effect of different extraction conditions (water temperature 40 and 80 °C and extraction
time 30 and 60 minutes) on the content of phenolic compounds and antioxidant capacity of
the raspberry leaves extracts was studied. Four different extracts were prepared.
The contents of total phenolic compounds (TPC), flavonoids (TFC) and flavan-3-ols of
produced extracts were determined spectrophotometrically and shown in Table 1. As can be
seen, the results of this study point out that water at higher temperature extracts significantly
higher content of polyphenolic compounds which is in the agreement with the studies for
extracts of green tea (Komes et al., 2010) and herbal mixture (Veljović et al., 2015). At 80 °C,
the extraction time had a significant influence on the content of polyphenolic compounds
which was increased with prolongation of the extraction process. The highest contents of
total phenolic compounds, flavonoids and flavan-3-ols were determined when the water
heated to 80 °C was used for the extraction during 30 minutes (77.80 mg GAE/g, 32.10 mg
QE/g and 2.59 mg+(-)-catechin/g, respectively).
The chemical properties of extracts depend on the type of solvent, the temperature of the
solvent, the extraction time and the technique of extraction (Ong, 2004). The extracts
analyzed in this study have higher polyphenolic content than raspberry leaves extracts
prepared with 96% ethanol during 2 h, but lower compared with the extract prepared with a
mixture of methanol/water during 1 h in an ultrasonic bath (Venskutonis et al., 2007; Pavlović
et al., 2016).
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The procedure used in this study is suitable since water is the only acceptable solvent for tea
production and there is no need for evaporation and removing of other potentially harmful
solvents.
The results of this study indicate that the raspberry leaves are an important source of total
flavonoids and flavan-3-ols. Pavlović et al. (2016) have determined high content of catechin
and epigallocatechin gallate suggesting that leaves of Willamette raspberry cultivar could be
used as an efficient substitute for green tea.
Table 1. Content of total phenols (TPC), flavonoids (TFC) and flavan-3-ols in raspberry leaves extracts
prepared at different conditions (water temperature: 40 and 80 °C and extraction time: 15 and 30
minutes)
TPC
TFC
Flavan-3-ols
Extract
(mg GAE/g)
(mg QE/g)
(mg +(-) catechin/g)
40 °C/15 min

30.24 ± 1.63

a

20.00 ± 0.00

a,b

0.90 ± 0.00

a

40 °C/30 min

28.41 ± 0.20

a

18.70 ± 0.30

a

0.81 ± 0.00

80 °C/15 min

36.75 ± 2.44

a

21.80 ± 0.20

b

1.22 ± 0.02

b

80 °C/30 min

77.80 ± 2.44

b

32.10 ± 0.70

c

2.59 ± 0.08

c

a

Data represent mean ± standard deviation.
Within the same column, values followed by different letters are significantly different (Tukey’s test, p<0.05)

Spectrophotometrically methods were also applied in order to determine antioxidant activity
of the raspberry leaves’ extracts. The obtained results are presented in Table 2. All analyzed
extracts showed good ferric reducing/antioxidant power and DPPH radical-scavenging
activity, but weak ABTS radical scavenging activity. It is reported that various methods for
evaluation of antioxidant capacity could give widely divergent results since they are based on
different mechanisms (Tabart et al., 2009).
The results of Venskutonis et al. (2007) also indicate higher DPPH radical-scavenging ability
of raspberry leaves extract compared to ABTS radical-scavenging activity. The comparison
of antioxidant activity indicates that the extract prepared with the water temperature 80 °C
during 30 minutes has a significantly stronger DPPH radical scavenging ability and ferric
reducing /antioxidant power, while the extract prepared with water temperature 40 °C during
30 minutes has a significantly stronger ABTS radical scavenging ability than the other
extracts.
The results point out to fluctuations in the antioxidant capacity of all prepared extracts
depending of extraction conditions and applied method. Leaf age also affects to the
antioxidant capacity, as well as total phenolic content (Wang and Lin, 2000).
Table 2. Antioxidant capacity determined by DPPH, FRAP and ABTS assays of raspberry leaves
extracts prepared at different conditions (water temperature: 40 and 80 °C and extraction time: 15 and
30 minutes)
DPPH
FRAP
ABTS
Extract
(mM TE/g)
(mM TE/g)
(mM TE/g)
40 °C/15 min

0.32 ± 0.04

ab

0.73 ± 0.02

a

0.05 ± 0.02

a

40 °C/30 min

0.29 ± 0.00

a

0.62 ± 0.01

b

0.13 ± 0.00

b

80 °C/15 min

0.29 ± 0.00

ab

0.72 ± 0.00

a

0.09 ± 0.01

ab

80 °C/30 min

0.41 ± 0.00

b

1.07 ± 0.01

c

0.06 ± 0.00

a

Data represent mean ± standard deviation.
Within the same column, values followed by different letters are significantly different (Tukey’s test, p<0.05)
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Based on the results shown in Tables 1 and 2, it could be concluded that optimal parameters
for preparation of raspberry leaves extracts by the aqueous extraction procedure are a water
of temperature 80 °C and an extraction time of 30 minutes.

CONCLUSIONS
The different extraction conditions (water temperature: 40 and 80 °C and the extraction time:
30 and 60 minutes) were compared on the basis of the content of phenolic compounds and
antioxidant activity of raspberry leaves extracts. This study indicates that raspberry leaves
are the rich source of antioxidant bioactive compounds. The obtained results showed that
higher water temperature and longer extraction time are the best parameters for the
preparation of raspberry leaves extract with high content of polyphenolic compounds and
strong antioxidant activity. This extract could be used as dietary supplement. It is very
important to determine the content and pharmacological properties of each polyphenolic
compound in the raspberry leaves infusions since individual compounds have different
antioxidative and health properties. In those terms, further researches are needed to
determine the exact polyphenolic profile, their bioavailability and health benefits of these
extracts. Also, protective mechanisms should be investigated in order to maintain those
compounds active during food processing and storage and enable their delivery to the target
site in an organism.

ACKNOWLEDGEMENTS
This work is supported by the Serbian Ministry of Education, Science and Technological
Development (National Project No. III46010) and FP7 Project Advancing Research in
Agricultural and Food Sciences at Faculty of Agriculture, University of Belgrade (AREA),
FP7-REGPOT-0212-2013 -I, Ref. no. 316004.

REFERENCES
Belščak-Cvitanović, A., Komes, D., Benković, M., Karlović, S., Hečimović, I., Ježek, D., Bauman, I. (2012).
Innovative formulations of chocolates enriched with plant polyphenols from Rubus idaeus L. leaves and
characterization of their physical, bioactive and sensory properties. Food Research International, 48 (2),
820-830.
Benzie, I.F., Strain, J.J. (1996). The ferric reducing ability of plasma (FRAP) as a measure of “antioxidant
power”: the FRAP assay. Analytical Biochemistry, 239 (1), 70-76.
Di Stefano, R., Cravero, M.C., Gentilini, N. (1989). Metodi per lo studio dei polifenoli dei vini. L'Enotecnico, 25,
83–89.
Gallaher, R.N., Gallaher, K., Marshall, A.J., Marshall, A.C. (2006). Mineral analysis of ten types of
commercially available tea. Journal of Food Composition and Analysis, 19, S53-S57.
Gudej, J., Tomczyk, M. (2004). Determination of flavonoids, tannins and ellagic acid in leaves from Rubus L.
species. Archives of Pharmacal Research, 27 (11), 1114-1119.
Holst, L., Haavik, S., Nordeng, H. (2009). Raspberry leaf – Should it be recommended to pregnant women?.
Complementary Therapies in Clinical Practice, 15 (4), 204-208.
Klјajic, N., Vukovic, P., Arsić, S. (2013). Tendencies related to the production of raspberries in the Republic of
Serbia. Economics of Agriculture, 60 (1), 39-48.
Komes, D., Belščak-Cvitanović, A., Ljubičić, I., Durgo, K., Cindrić, I.J., Bušić, A., Vojvodić, A. (2014).
Formulating blackberry leaf mixtures for preparation of infusions with plant derived sources of sweeteners.
Food Chemistry, 151, 385-393.
Komes, D., Horžić, D., Belščak, A., Ganić, K.K., Vulić, I. (2010). Green tea preparation and its influence on the
content of bioactive compounds. Food Research International, 43 (1), 167-176.
Ong, E.S. (2004). Extraction methods and chemical standardization of botanicals and herbal preparations.
Journal of Chromatography B, 812 (1), 23-33.
Patel, A.V., Rojas-Vera, J., Dacke, C.G. (2004). Therapeutic constituents and actions of Rubus species.
Current Medicinal Chemistry, 11 (11), 1501-1512.
Pavlović, A.V., Papetti, A., Zagorac, D.Č.D., Gašić, U.M., Mišić, D.M., Tešić, Ž.L., Natić, M.M. (2016).
Phenolics composition of leaf extracts of raspberry and blackberry cultivars grown in Serbia. Industrial
Crops and Products, 87, 304-314.

110

III International Congress “Food Technology, Quality and Safety”
Re, R., Pellegrini, N., Proteggente, A., Pannala, A., Yang, M., Rice-Evans, C. (1999). Antioxidant activity
applying an improved ABTS radical cation decolorization assay. Free Radical Biology and Medicine, 26
(9), 1231-1237.
Sharma, O.P., Bhat, T.K. (2009). DPPH antioxidant assay revisited. Food Chemistry, 113 (4), 1202-1205.
Singleton, V.L., Rossi, J.A. (1965). Colorimetry of total phenolics with phosphomolybdic-phosphotungstic acid
reagents. American Journal of Enology and Viticulture, 16 (3), 144-158.
STATISTICA (Data Analysis Software System) (2013). v.12., Stat-Soft, Inc., USA.
Tabart, J., Kevers, C., Pincemail, J., Defraigne, J.O., Dommes, J. (2009). Comparative antioxidant capacities
of phenolic compounds measured by various tests. Food Chemistry, 113 (4), 1226-1233.
Veljović, M., Kalušević, A., Salević, A., Stamenković-Đoković, M., Vukosavljević, P., Bugarski, B., Nedović, V.
th
(2015). Optimization of herbs extraction for soft drink production, Proceedings of the 6 International
Scientific Agricultural Symposium “Agrosym 2015”, Jahorina, Bosnia and Herzegovina, 478-483.
Venskutonis, P.R., Dvaranauskaite, A., Labokas, J. (2007). Radical scavenging activity and composition of
raspberry (Rubus idaeus) leaves from different locations in Lithuania. Fitoterapia, 78 (2), 162-165.
Wang, S.Y., Lin, H.S. (2000). Antioxidant activity in fruits and leaves of blackberry, raspberry, and strawberry
varies with cultivar and developmental stage. Journal of Agricultural and Food Chemistry, 48 (2), 140-146.
Zhishen, J., Mengcheng, T., Jianming, W. (1999). The determination of flavonoid contents in mulberry and
their scavenging effects on superoxide radicals. Food Chemistry, 64 (4), 555-559.

111

III International Congress “Food Technology, Quality and Safety”

AURICULARIA AURICULA‒ JUDAE (BULL.:FR.) WETTST. 1885 CYTOTOXICITY
ON BREAST CANCER CELL LINE (MCF 7)
Aleksandra Novaković

1,3*

2

2

1

3

, Maja Karaman , Sonja Kaišarević , Tanja Radusin , Mirjana Beribaka ,
1
Nebojša Ilić

1

University of Novi Sad, Institute of Food Technology, Bulevar cara Lazara 1, 21000 Novi Sad, Serbia
2
University of Novi Sad Faculty of Sciences, Department of Biology and Ecology, Trg Dositeja
Obradovića 3, 21000 Novi Sad, Serbia
3
University of East Sarajevo, Faculty of Technology Zvornik, Karakaj bb, Bosnia and Herzegovina

Corresponding author:
E- mail:aleksandra.novakovic@fins.uns.ac.rs

ABSTRACT
In vitro cytotoxicity of crude ethanol and water extracts of growing wild Auricularia auricula-judae
(Bull.:Fr.) Wettst. 1885 was examined against human breast cancer cell line (MCF 7) using MTT and
SRB assays. The results showed significant cytotoxic potential of the examined extracts, with IC 50
values ranging from 285.7 µg/ml for ethanol extract to 333.3 µg/ml for water extract. The examined
crude extracts of A. auricula-judae exhibit considerable cytotoxic potential for MCF 7 human breast
cancer cell line. Тhе fungal species A. auricula-judae can be recommended for thorough chemical
analyses with the aim of identification of active compounds and eventually for attention in the process
of discovery of new natural products in the control of cancer.
Key words: Auricularia auricula-judae, cytotoxic activity, MCF 7

INTRODUCTION
Mushrooms have been part of human diet for centuries, mainly because of the variety of
flavors and tastes they can provide. Research conducted during the last decades has
indicated that mushrooms exert a number of nutritional and nutraceutical properties and that
they are source of beneficial bioactive compounds (Ferreira et al., 2009; Kalač, 2009;
Kalogeropoulos et al., 2013; Ivanova et. al., 2014).
This compounds exhibit interesting biological activities, including antibacterial, antifungal,
antiviral, antitumor, antiproliferative and immunomodulatory activities (Barros et. al., 2007;
De Silva et. al., 2013; Ivanova et. al., 2014). Cancer is a leading cause of death worldwide.
Current anti-cancer drugs available on the market are not target specific and may cause
numerous side-effects and complications in clinical management of various forms of cancer,
which highlights the urgent need for novel effective and less-toxic therapeutic approaches. In
this context, some mushrooms with validated anti-cancer properties and their active
compounds are of immense interest (Patel and Goyal, 2012).
A. auricula judae grows in groves of trees, on logs and dead branches in a form of
gelatinous, ear-shaped, shallow disk that is soft when fresh and hard when dry. Fruit bodies
of A. auricula-judae are rich in carbohydrates, protein, minerals (Ca, P and Fe) and phenolic
compounds.
Carbohydrate content of A. auricula-judae mainly consists of oligo- and polysaccarides such
as rhamnose, xylose and glucose and smaller amount of mannose, galactose and arabinose,
uronic acids, with sulfate and nitrogen groups (Chen et al., 2008), and its active constituents
are beta (1-3) and (1-6) D glucans.
The aim of this research was to determine potential antiproliferative properties of wild
growing mushroom species A. auricula-juda from Serbia against MCF7 breast cancer cell
line.
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MATERIAL AND METHODS
Mushroom samples
A. auricula-judae was collected from Sikola area (Negotin) in Serbia during the year 2012.
After the identification of the species, a voucher specimen was deposited at the Herbarium
Buns, Faculty of Sciences, Department of Biology and Ecology, University of Novi Sad. The
mushroom samples were pre-frozen at -20 °C and freeze-dried (Martin Christ GmbH,
Germany). Freeze dried samples were ground to a fine powder, wrapped in plastic bags and
stored in the dark at room temperature prior to analysis.
Extraction
The whole freeze dried and powdered sporocarps of A. auricula-judae (10g) were extracted
with the following solvents: ethanol (EtOH) and distilled water (Aq) for 24 hours on a shaker
(Thermofisher Scientific, USA) at 120 rpm at room temperature (25 °C). The extracts were
filtered through Whatman No.4 filter paper and the solvents were removed by rotary
evaporation in vacuum at 40 °C (Bűchi, Switzerland). The obtained extract (AuEtOH) was
stored in refrigerator at +4 °C while aqueous extract (AuAq) was freeze-dried and stored at 20 °C prior to analysis. Dry residues (AuEtOH and AuAq) were re-dissolved in dimethylsulfoxide (DMSO) (5mg/ml) to obtain extract solutions, for determination of anti-proliferative
activities.

Cell culture and treatment
Fungal extracts were evaluated for their in vitro cytotoxicity toward human breast
adenocarcinoma cell lines MCF7 (estrogen receptor positive). MCF-7 cells were grown in
Dulbecco’s Modified Eagle’s Medium with 4.5% of glucose (DMEM, PAA Laboratories)
supplemented with 10% fetal calf serum (FCS). Cell culturing and experimental procedure
were conducted as previously described by Hrubik et.al.(2012). For the experiment, the cells
were seeded in a 96-well microplate (5000 cells per well). After 24h, cells were exposed in
triplicates to series of extracts’ dilutions (33.3, 100, 300, and 900 μg/ml) dissolved in dimethyl
sulfoxide (DMSO, Sigma) for 72h. Untreated cells served as the control, and DMSO was
used as a positive control. The effects of the extracts on the growth of human tumor cell line
were evaluated according to the two procedures described below. Cell culturing and
experimental procedure were conducted as previously described.
SRB test: SRB test is a colorimetric assay, based on the ability of the protein dye
sulforhodamine B (SRB) to bind to protein basic amino acid residues of trichloroacetic acid
(TCA)-fixed cells. The incorporated dye can be solubilized for measurement, and the results
are linearly correlated with cell number (Voigt, 2005). Following incubation with fungal
extracts, the medium was removed and the cells were fixed in TCA (0.025 ml of 50% w/v
TCA per well) for 1 h at 4°C, washed five times with distilled water, air-dried, and stained with
0.05 ml of 0.4% SRB in 1% acetic acid for 30 min. The cells were washed five times with 1%
acetic acid to remove the unbound dye and air dried. The incorporated dye was solubilized in
10 mM tris(hydroxymethyl)-aminomethane (TRIS, pH 10.5) for 5min, and light absorption
was measured using a plate reader (ThermoLabsystems) at 492 nm, with reference
wavelength 690 nm.
MTT test: The principle of MTT test is based on cellular reduction of the soluble yellow MTT
tetrazolium salt (3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide) to a blue
formazan product by mitochondrial dehydrogenases in viable cells. The intensity of the blue
color formed by this reaction is a criterion for cell viability. Following incubation with fungal
extracts, the medium was removed and cells were incubated for 3h with 0.05mg/0.1ml/well of
MTT (Sigma) dissolved in serum-free DMEM. The medium was removed, formazan salts
were dissolved in 0.1 ml/well of 0.04 M HCl in 2-propanol, and light absorption was
measured using a plate reader (Thermo--Labsystems) at 540 nm, with reference wavelength
690 nm.
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Calculation of cytotoxicity and IC50: In both tests, cell cytotoxicity was calculated as a
percentage of corresponding control value (non-treated cells) obtained in a minimum of three
independent experiments. The half-maximal inhibitory concentration values (IC50), defined as
the concentration that inhibits 50% of cell growth, were calculated from concentrationresponse curves. IC50 values were expressed as the mean of a minimum of three repeated
experiments performed for each fungal extract.

RESULTS AND DISCUSSION
Both extracts exhibited cytotoxic effects on MCF 7 cell line, with IC50 values ranging from
285.7 µg/ml for ethanol extract to 333.3 µg/ml for water extract, and the results were
confirmed both by MTT and SRB assay (Table 1).
Table 1. Antiproliferative activity of A. auricula-judae extracts on MCF-7
MTT assay
Extracts
72h
AuAq
<900**
*
AuEtOH
285.7±13.83
*
Positive control DMSO
78.01

SRB assay
72h
*
333.35±4.09
**
567.46±12.51
**
179.1

*,**Significant differences between two groups were determined by Student’s t-test (p<0.05)
All values are expressed as IC50 (µg/ml)

At the highest tested concentration (900 μg/ml), cytotoxicity of ethanol extracts was in the
range from 73% to 91%, while for water extracts it was in the range of 40-83%. Differences in
IC50 values obtained for the same samples by the two assays can probably be attributed to
the difference in sensitivity of targets they reflect, since they measure distinct biological
parameters in living cells. This dissimilarity is especially pronounced in the case of treatment
by water extract, where the range of difference was approximately 3 : 1 (MTT : SRB assay,
respectively). The same cell line could have poor capacity to reduce MTT, and at the same
time could show high values of absorbance in the SRB assay, since SRB assay does not
depend on enzymatic activity but on protein content of the cells. In contrast to MTT testing,
SRB staining is less sensitive to environmental fluctuation, such as variations in pH or
depletion of glucose, and is independent of intermediary metabolism, which are all factors
that may be influenced by the test substances (Lin et. al., 1999). Antitumor activities of A.
auricula-judae extract varied significantly (p<0.05) between water and ethanol extract. The
water extract exhibited lower efficacy against tumor cells than the ethanol extract particularly
in the MTT assay, while water extract A. auricula-judae had more potent inhibitory activity
than ethanol extract on tumor cells in SRB assay. In any case, comparable effect on MCF 7
cell line was reported for ethanol and water extract of Lactarius controversus from similar
studies (Novaković el.at, 2015). The potent cytotoxic activities of A. auricula-judae ethanol
extract on Sarcoma 180, human NSCLC NCI H358 (broncho-alveolar), and SNU 1 (gastric
carcinoma) cell lines in vitro were previously determined (Reza et.al., 2012). It was also
reported that the water extract of A. auricula-judae exhibited antitumor activity by 42.6%
inhibition against solid tumor (Mizuno et.al.,1995). A water-soluble β-glucan from 70%
ethanolic extract of A. auricula-judae exhibited potent inhibitory activity against tumor growth
and the apoptosis (Wang et.al., 2010). Water extract of A. auricula-judae showed strong
protective effect (89.5 ± 1.8% cell viability at 0.1 mg/ml) against H2O2 induced oxidative cell
damage (Oke and Aslim, 2011). The antitumor activity of mushroom extracts might vary due
to present active compounds in extracts (Wasser, 2010). In previous studies methanol and
water extracts of A. auricula-judae were chemically analyzed. The results revealed high
levels of phenolic compounds: gallic acid, p-hydroxybenzoic acid, cinnamic acid, caffeic acid,
p-coumaric acid and catechin (Oke and Aslim, 2011). These components possess significant
biological (Heleno et. al., 2015), antioxidant (Ferreira et al., 2009), antitumor (Carocho and
Ferreira, 2013; Heleno et al., 2014) and antimicrobial (Alves et al., 2013) properties.
Therefore, it could be assumed that phenolic acids and similar compounds (triterpenoids)
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may be a major class of active constituents present in extracts from our study which are
contributing to in vitro cytotoxicity against cancer cells.

CONCLUSION
In conclusion, the examined extracts of A. auricula-judae exhibit considerable cytotoxic
potential for MCF 7 human breast cancer cell lines. Therefore, thorough chemical analyses
for identification of active compounds can be recommended for various extracts of this
mushroom, and eventually more attention should be paid to this species in the process of
discovery of new sources of natural products in the control of cancer.
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ABSTRACT
High quality of produced fermented sausages should be preserved during storage, primary from
further moisture loss, lipid oxidation and microbiological deterioration.
Chitosan, a biopolymer derived from seafood waste, forms films with good gas barrier properties,
which could preserve packed product from lipid oxidation, but application of these films is restricted by
its water sensitivity and high water vapor permeability.
In order to obtain material with desired gas barrier properties, as well as low water vapor permeability
and water sensitivity, two layer coating was tested. First layer consisted of chitosan biopolymer with
1%vol caraway essential oil, while second layer consisted of chitosan biopolymer with added growing
contents of beeswax. Both layers were applied on collagen casings commercially used in sausage
production and obtained material was tested for barrier properties.
3
2
Oxygen transmission rate of collagen casing material was 2518,8 cm /(m 24h 1 bar), while for coated
3
2
casings oxygen transmission rate was around 70 cm /(m 24h 1 bar). Water vapor transmission rate of
2
collagen casing material was 252 g/(m 24h 1 bar), while coated casings with highest amounts of
2
2
beeswax had water vapor transmission rates 37,1 g/(m 24h 1 bar) and 32,7 g/(m 24h 1 bar).
Results show good gas barrier and considerably improved water vapor barrier properties of coated
collagen casing material compared to uncoated collagen casing.
Keywords: biopolymer, collagen casing, chitosan coating, beeswax, barrier properties

INTRODUCTION
High quality food products, like dry fermented sausages should be effectively preserved after
production. When drying step is completed and desired quality of sausage is obtained,
further exposure of product to ambient conditions leads to different deteriorative processes,
among which microbiological contamination and lipid oxidation, followed by drip loss
negatively affect nutritive and sensory quality, as well as product safety (Škaljac, 2014 Di
Cagno et al., 2008; Georgantelis et al., 2007; Comi et al., 2005; Ansorena and Astiasarán,
2004).
Most common approach is packing sausages in vacuum, or, more recently, in modified
atmosphere using different commercially available barrier and high barrier packaging
materials, typically composed of polyamide (PA)/polyethylene (PE) with or without additional
barrier layers ethylene-vinyl-acetate (EVA), ethylene-vinyl-alcohol (EVOH), polyvinylidenechloride (PVDC) and others (Lazić et al., 2010). These multilayer packaging materials can be
produced using different technologies, laminating, extrusion coating or coextrusion. Quality of
packaging material depends on number and properties of polymer layers, as well as applied
manufacturing technology. Modern technology of coextrusion allows formation of thin
multilayer films and foils with desired barrier properties (Lazić et al., 2002).
Wide application of plastic packaging materials led to increased environmental concern
regarding disposal of large quantities of practically non-biodegradable packaging waste.
Additional environmental challenge is that these materials are derived from non-renewable
sources. Three basic strategies of plastic waste management are: incineration, recycling and
landfilling (Lazić et al., 2009). However, all three strategies bring new challenges: number
and capacity of landfills is limited, recycling system is expensive and restricted, while
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question of air pollution from incineration remains open (Olabarrieta, 2005). These factors,
joined with rise of ecological awareness of population and new governmental policies on
packaging and packaging waste initiated packaging industry search for environmentally
friendly solutions.
The need for maintaining or improving quality of packed food with decreased quantity of
generated packaging waste influenced intensive research of biodegradable and edible
packaging materials from renewable sources during last two decades (Lazić and Novaković,
2010; Lazić and Popović, 2015). Application of these materials leads to reduced quantity of
packaging waste and transition to renewable resources, mostly from biomass and agro-food
industry waste. Utilization of these raw materials, apart from being inexpensive and ecofriendly, leads to decrease of agro-food industry waste and reduces problem with its
disposal, to a certain extent (Olabarrieta, 2005).
Chitin is basic structural component of exoskeleton of invertebrate, insect cuticle and cell wall
of fungi. It is considered second most abundant biopolymer on Earth, after cellulose
(Schreiber, 2012; Ruiz-Navajas et al., 2013). The role of chitin is analogous to the role of
collagen in higher animals and cellulose in terrestrial plants. Chitosan, semi-natural
polysaccharide obtained by chemical modification of chitin is primarily consisted of
glucosamin, 2-amino-2-deoxy-D-glucose. In 1936, G.W. Rigby registered patent for first
investigations in biopolymer film synthesis based on chitosan. Films were elastic, firm,
transparent and colorless. Afterwards, many researchers investigated this topic: Muzarelli
(1974), Averbach (1978), Butler et al. (1996), Caner et al. (1998), Wiles et al. (2000)
(Nadarajah, 2005).
Chitosan films represent good barrier for gases. Oxygen permeability is in the range of
conventional plastic films, like: ethylene-vinyl-alcohol (EVOH) and polyvinylidene-chloride
(PVDC). Barrier properties can vary depending on type and synthesis method of chitosan
and chitosan film (Hammond, 2004; Di pierro et al., 2006; Altiok et al., 2010). Optimization of
barrier properties towards water vapor has not yielded desired results so far even though
different improvements were tested: formation of chitosan-lipid composite film, chitosanpectin laminated film, chitosan-glutaldehyde film. Still, synthesis of polysaccharide film with
good barrier properties for water vapor remains challenge for researchers due to the
hydrophilic nature of the biopolymer (Velickova et al., 2013; Bonilla et al., 2012; Marques,
2012; van Tuil et al., 2000).
Aim of this paper was to obtain material with desired gas barrier properties, as well as low
water vapor permeability and water sensitivity, synthesizing two layer coating intended for
coating dry fermented sausages after drying. First layer consisted of chitosan biopolymer
with 1%vol caraway essential oil, while second layer consisted of chitosan biopolymer with
growing content of beeswax. Two layers were applied on collagen casings commercially
used in sausage production and obtained material was tested for barrier properties.

MATERIAL AND METHODS
Coating preparation
Chitosan film forming solution was prepared by dissolving chitosan powder (deacetylation
degree approximately 80%; purchased from Sigma-Aldrich Chemical Co., St. Louis, Missouri,
USA) in acetic acid (1%vol.; purchased from Proanalitica, Belgrade, Serbia) to reach chitosan
mass per volume ratio of 10 kg/m3. Solution was left stirring over night on a magnetic stirrer
to dissolve chitosan.
For preparation of first coating layer, caraway essential oil (purchased from Herba D.O.O.,
Belgrade, Serbia), in volume concentration of 1 % and wetting agent Tween 20 (50 % of
essential oil volume; purchased from Superlab, Belgrade, Serbia) were added to chitosan
solution and stirred with a laboratory stirrer to obtain white homogenous emulsion.
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For synthesis of second coating layer, beeswax (from a local beekeeper) was melted in 30
mL of deionized water heated to 60˚C. Previously heated chitosan solution was added to
molten wax and four different film forming emulsions with beeswax mass per volume ratio of:
90 kg/m3, 108 kg/m3, 144 kg/m3 and 180 kg/m3 were obtained.
Emulsions were coated on commercial collagen casings used for sausage production
(Koteks Viscofan, Novi Sad) using sponge brush. Both layers were applied in three repeated
brushing/drying (23±3 °C, 50 ±10 % RH) steps. Uncoated collagen casing was used as
control. Films were labeled according to beeswax content as C1%/CW90, C1%/CW108,
C1%/CW144, C1%/CW180 (Table 1).
Table 1. Coatings composition
Content
First layer
Coatings on collagen
casing
Chitosan
3
(kg/m )
Collagen
C1%/CW90
C1%/CW108
C1%/CW144
C1%/CW180

10
10
10
10

Second layer
Caraway
essential
(%vol)
1
1
1
1

oil

Chitosan
3
(kg/m )

Beeswax
3
(kg/m )

10
10
10
10

90
108
144
180

Water vapor transmission rate
Moisture barrier properties of films were determined gravimetrically (dish method), according
to the ISO 2528:1995, condition A (temperature 25 ˚C ± 1 ˚C and relative humidity 90% ±
2%, obtained by saturated solution of potassium nitrate). Silica gel was used as desiccant for
filling the test dish. Three replicates of each sample were tested simultaneously.
Gas transmission rate
Transmission rate of oxygen, carbon dioxide and nitrogen were measured using method by
Lyssy, according to DIN 53 380 on the device Lyssy GPM-200 with an appropriate gas
chromatograph GASUKURO Kogyo GC-320 and HP 3396 integrator. Transmission rate of
air was numerically calculated. Minimum three measurements were done for each film.

RESULTS AND DISCUSSION
Most important barrier properties of packaging materials, considering their application for
food packaging are gas and water vapor barrier properties.
Transmission rate of gases for commercial collagen casing, as well as coated collagen
casings are shown in Fig.1. Coating application lowered gas transmission rate of collagen
casing from 2518.8 ml/(m2 24h 1 bar) for O2, 7856.2 ml/(m2 24h 1 bar) for N2 and 6726.06
ml/(m2 24h 1 bar) for air to, approximately, 60-70 ml/(m2 24h 1 bar) for O2, 30-50 ml/(m2 24h
1 bar) for N2 and 40 ml/(m2 24h 1 bar) for air. On the other hand, transmission rate of CO 2
increased when collagen casing was coated. Presence of CO2 in package may have an
important role for maintaining the quality and extending the shelf-life of foods. However, for
products, for which process of respiration is characteristic, such as cheese, fresh fruits and
vegetables, materials with higher permeability of CO2 can be an advantage.
In fig. 2, oxygen transmission rate is shown separately, for clarity. Oxygen transmission rate
is one of the main factors affecting sausage shelf life, regarding lipid oxidation and also
affecting aerobic microorganisms growth. From the results shown in Fig. 2, it can be seen
that there is no significant difference between different coatings. In our previous work it was
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shown that, in chitosan-caraway-besswax composite films, beeswax addition increased
oxygen transmission rate of the film (Hromiš et al., 2015).

Figure 1. Transmission rate of CO2, O2, N2 and air for uncoated and coated collagen casings.

Considering this, as well as the fact that in this experiment growing concentration of beeswax
did not influence oxygen barrier property, conclusion could be that oxygen barrier layer is
probably the first coating layer, which remained unchanged in all coated casings. If oxygen
transmission rate, shown in fig 2., from 59.9 ml/(m 2 24h 1 bar) for C1%/CW90 to 73.7 ml/(m2
24h 1 bar) for C1%/CW180 is compared to results presented for chitosan-caraway essential
oil films, 13.51±2.26 ml/(m224h 1bar) presented by Hromiš et al. (2015), observed difference
probably originates from the difference between coating and film thickness and maybe in
lesser extent from two layer component interaction.

Figure 2. Transmission rate of O2 for coated collagen casings.

Low water vapor transmission rate of coating could preserve sausage from moisture loss
during storage and distribution, reducing in this way drip loss which is followed by economic
losses, as well as sensory deterioration. Results for water vapor transmission rate of coated
and native collagen casings are presented in Fig.3. All applied coatings lowered transmission
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rate through casing, from 252.0 g/m2 24h to less than 150 g/m2 24h. Minimal values for water
vapor transmission rate were obtained for C1%/CW144 and C1%/CW180, 37.1 g/m2 24h
and 32.7 g/m2 24h, respectively. Results are in accordance with our previous research where
it was shown that beeswax addition lowered chitosan film water vapor transmission rate
(Hromiš et al., 2015). Second applied layer is most probably barrier layer for water vapor and
beeswax addition in high concentration is crucial factor for obtaining good barrier properties.

Figure 3. Transmission rate of water vapor for uncoated and coated collagen casings

CONCLUSIONS
According to obtained results for barrier properties of collagen casings coated with two layer
chitosan coating containing caraway essential oil in first and beeswax in second layer, it can
be concluded that all coatings improved barrier properties of commercial collagen casing.
There was no significant difference between gas transmission rates of coated collagen
casings, but higher concentration of beeswax in second layer led to better water vapor
barrier properties. Considering both tested barrier properties, coating C1%/CW144 might be
recommended for application on sausages after drying with the purpose of lipid oxidation
protection and lowering drip loss of sausages during storage.
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ABSTRACT
Because of their excellent properties, synthetic plastic materials have a major use in all branches of
industry, especially in packing. However, their intensive use has led to a major ecological problem of
disposing and recycling synthetic material waste. Therefore, science is more focused on
biodegradable biopolymer materials that can be obtained from natural resources and decomposed
naturally in the environment. In recent years, there has been a great interest in biopolymers obtained
from agro-industrial waste.
One of the widely used techniques for improving quality and safety of food products is modified
atmosphere packaging (MAP). MAP can preserve the quality and extend the shelf life of foods by
slowing down chemical and biochemical reactions and growth of microorganisms that affect food
spoilage.
The aim of this paper was to compare barrier and mechanical properties of biodegradable biopolymer
pouches, obtained from agro-industrial waste (pumpkin oil cake-zein) and high-barrier commercial
packaging material (polyamide-polyethylene). Possibility to maintain modified atmosphere in the
pouches, as well as influence of food product on modified atmosphere, were also investigated. A
semi-hard Mozzarella cheese was chosen as a food product. Obtained results showed that both
materials have great O2 barrier properties. Pumpkin oil cake-zein laminated pouches have higher
CO2 permeability, and this can be considered as an advantage for packaging food products with high
respiration rates, such as cheese. In commercial high-barrier material, used in this study, increase of
the CO2 content was observed. Commercial packaging material showed better results it maintaining
modified atmosphere, because of better barrier properties.
Keywords: biopolymer, pumpkin oil cake, zein, modified atmosphere packaging, cheese

INTRODUCTION
Increasing the shelf life of food using different preservative methods has always been a
major concern of humankind. Among various preservation techniques for extending the shelf
life of food products, packaging and packing is the most promising (Han, 2005). Packaging
protects the product against adverse changes during storage, transport and use. Apart from
this protective function, packaging also has other functions, including distribution, marketing,
economic and ecological ones (Pluta et al., 2005).
In combination with new packaging materials, various different techniques are now used for
food packing. Today, widely used techniques for improving quality and safety of food
products are vacuum and modified atmosphere packaging (MAP). MAP preserves the quality
and extends the shelf life of foods, slowing down chemical and biochemical reactions, that
affect the deterioration of products, and slowing down, or, in some cases, preventing, growth
of microorganisms, that affects food spoilage. MAP is carried out using gaseous mixtures
with composition dependent on the kind of product to be packed. These different mixtures of
gases allow maintaining the quality of the product over prolonged periods of time. The
modification of the atmosphere is carried out with the use of nitrogen, carbon dioxide and
oxygen. It is also possible to use nitrous oxide, carbon monoxide, sulphur dioxide or other
gases. Modified atmosphere packing is especially used for packing products whose original
characteristics are not maintained by vacuum packing, or are worsened during storage. So,
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we can say that MAP has emerged as a solution competitive to vacuum packing (Pluta et al.,
2005).
Furthermore, MAP has a number of advantages, such as quality retention of fresh products,
image improvement of the product, extension of shelf life, and minimum use of additives and
preservatives (Garabal et al., 2010; Khoshgozaran et al., 2012).
One of the main requirements for food packaging, when using packaging in modified
atmosphere or vacuum, is to have good gas barrier especially to oxygen. Oxygen can cause
food deterioration and microbial spoilage and, in this way, decrease the shelf life of product.
Because of their excellent properties, synthetic plastic materials have a major use in all
branches of industry, especially in packaging. However, due to problem of disposing and
recycling synthetic material waste and the growing concerns for the environment,
researchers are more focused on producing biodegradable bio-based materials, especially
obtained from agro-industrial waste that can be obtained from natural resources and
decomposed naturally in the environment. These materials usually have very good barrier to
gases, however, because of their hydrophilic nature, they have high water vapour
permeability.
The aim of this study was to determine the possibility to maintain modified atmosphere in
biodegradable biopolymer pouches, obtained from agro-industrial waste (pumpkin oil cakezein, PuOC-Z) and high-barrier commercial packaging materials (polyamide-polyethylene,
PA/PE), as well as influence of food product on the gas content of modified atmosphere
during storage. A semi-hard Mozzarella cheese was chosen as a food product. Barrier and
mechanical properties of chosen materials, as well as, heat seal quality of formed pouches
were also investigated.

MATERIAL AND METHODS
Preparation of biopolymer films
The grounded hull-less pumpkin (Cucurbita pepo L. c.v. Olinka) oil cake (PuOC) was
collected from „Agrojapra“, Donji Agič, Bosnia and Herzegovina, and stored at the
temperature of 4 ˚C. All other reagents were analytical grade and purchased from SigmaAldrich Chemical, Sent Luis, SAD.
The film-forming suspension of PuOC (10%, w/w) in deionized water was prepared by
addition of 30% w/w (per weight of PuOC) glycerol and 0.2% w/w (per weight of
polysaccharides in PuOC) guar-xanthan to solution. pH value of solution was adjusted to
12.0 using 0.2 M NaOH. The solution was incubated at 90 ˚C, for 20 min, and then filtrated
through nylon filter and was poured onto Teflon coated flat glass surface (340 mm x 495 mm)
to cast films. Films were dried for 2 days at room conditions.
The film-forming solution of zein (Z) (10% w/v) was prepared by suspending zein in 85%
ethanol with the addition of 50% w/w (per weight of zein) PEG 400, and incubating solution at
80 °C. Zein solution was casted on dried PuOC films for obtaining bilayer PuOC-Z films.
Commercial material polyamide-polyethylene (PA/PE) was kindly supplied from the
manufactured "Tipoplastika", Gornji Milanovac.
Properties of materials
Thickness
Film thickness was measured with a micrometer with a sensitivity of 0.001 mm. The results
were expressed as the mean of twenty measurements on each film.
Mechanical properties
Tensile strength and elongation at break of films were measured on an Instron Universal
Testing Instrument Model No 4301 (Instron Engineering Corp., Canton, MA) according to the
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ASTM standard method D882-01. Tensile strength and elongation at break measurements
for each type of film were repeated at least five times, from which an average was obtained.
Gas transmission rate
Determination of gas transmission rate (CO2, N2, O2) was conducted in accordance with
using isostatic gas-chromatographic method (DIN 53380, 1969), with the use of the Lyssy
GPM-200 apparatus with the belonging Gasukuro Kogyo GC-320 gas chromatograph and
the HP 3396A integrator.
Formation and properties of packaging pouches
Pouches were formed of two pieces of PuOC-Z films (110 mm x 160 mm dimension) with
zein layer inside, using laboratory vacuum sealer (Audion Elektro, Swissvac). PA/PE
pouches were formed in the same dimension. In formed pouches semi-hard Baby Mozzarella
cheese (“Mlekoprodukt” a.d., Zrenjanin, commercially vacuum packed in PA/PE pouches)
were put, and pouches were loaded with modified atmosphere of 20% CO2 and 80% N2, and
sealed. Preliminary experiments have shown that, because of their very pour water vapour
barrier, cheese packed in PuOC-Z pouches dried up after a short time of storage, so before
packing in PuOC-Z pouches, Mozzarella cheese was dipped in beeswax.
Composition of the gas atmosphere in pouches
The composition of the protective atmosphere above the packed products was determined
using Oxybaby, Gasetechnik WITT GmbH & Co KG, United Kingdom. The measurements
were performed after 15, 30, 45 and 75 days of storage.
Heat seal quality of formed pouches
Heat seal quality of formed pouches was determined using penetration agent rhodamine B in
ethylene glycol monoethyl ether.

RESULTS AND DISCUSSION
The obtained values for the PuOC-Z film thickness range from 271.1 to 358.89 μm and for
the PA/PE materials from 88.5 to 90.75 μm.
The results of mechanical properties, tensile strength and elongation at break, of tested
materials are presented in Figure 1. Tensile strength of composite PuOC-Z film is 5.57 MPa
and for commercial material PA/PE is 32.34 and 31.67 MPa for a longitudinally and
transversely direction, respectively. Elongations at break for obtained films are: 25.43%,
46.9% and 44.6% for PuOC-Z, PA/PE in longitudinally and PA/PE in transversely direction,
respectively.

(a)

(b)
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Figure 1. Mechanical properties - (a) tensile strength (MPa) and (b) elongation at break (%)

The obtained results showed that analyzed commercial material has better mechanical
properties, considerably higher tensile strength and elongation at break, than bio-based
composite film, PuOC-Z.
Gas transmission rate of tested materials is presented on Figure 2. Much higher transmission
rate of CO2 for PuOC-Z film, 271.3 ml/(m2 24 h 1 bar), than for PA/PE, 80.6 ml/(m2 24 h 1
bar), was observed. Although, studies show that presence of CO2 may have an important
role in preventing microbial spoilage of food, and in that way can maintain the quality and
extend the shelf life of products, in some cases high permeability of CO 2 of packaging
materials can be an advantage. This is usually the case for products with process of
respiration, such as cheese, fruits and vegetables. Some studies showed that the use of CO 2
can present flavor-related problems, such as a fizzy flavor. They also suggested that the
mixture of gases and alternation in CO2/N2 ratio in favor of nitrogen can eliminate the
undesired flavor while maintaining the freshness of flavor and control the microbial
population (Khoshgozaran et al., 2012).
Both materials showed very good barrier properties to oxygen. Obtained results for O 2
transmission rate are 23.3 ml/(m2 24 h 1 bar) for PuOC-Z and 25.1 ml/(m2 24 h 1 bar) for
PA/PE material. It can be concluded that biodegradable composite material based on
pumpkin oil cake-zein, has very good oxygen barrier properties, similar to commercial
materials. Different studies showed that biodegradable bio-based materials have very good
barrier properties to O2 that can be compared with high barrier synthetic materials (Di Pierro
et al., 2006; Cerqueira et al., 2009; Altiok et al., 2010; Popović et al., 2012; Hromiš et al.,
2015).

2

Figure 2. Transmission rate (ml/(m 24h 1 bar)) of CO2, O2, N2 and air.

The composition of the atmosphere in tested pouches, after 15, 30, 45 and 75 days of
storage, is presented In Table 1. Increase of CO2 content, for about 2.5 to 7.9%, in pouches
made of comercial material PA/PE was observed already after 15 days..Similar results were
obtained by Alves et al., 1996 and Eliot et al., 1998 who also investigated influence of MAP
on Mozzarella cheese, packed in thermoformed transparent laminate of polyamide and
polyethylene, and multilayer of polyolefins with polyvinylidene chloride materials,
respectively. The obtained results are in correlation with results for CO 2 transmisssion rate of
PA/PE material, presented in Figure 2. and confirm influence of packed product on
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composition of the atmosphere, and cheese respiration. The percent of CO2 in pouches
made of PuOC-Z films, decreased already after 15 days, from 20% to about 10%, and
continued to decrease until the end of storage. This results are in correlation with obtained
resultes for CO2 transmisssion rate of PuOC-Z material (Figure 2).
An increase of the O2 percent and decrease of CO2 percent, toward levels characteristic for
air gas content, in both PuOC-Z pouches after 30 days, and one pouch after 75 days of
storage, was observed. These results are in correlation with obtained results for heat seal
quality test, which showed that these pouches were not hermetically sealed. However, the O2
precent after 75 days of storage in second PuOC-Z pouch, was lower than 1%, which
presents ability of pouches made of PuOC-Z film to maintain the content of O2 during
storage, after a long period. Examination of heat seal quality of formed pouches showed that
all PA/PE pouches were hermetically sealed, and because of that, the present of O2 content
in pouches was not observed during whole storage period.
Table 1. Composition of the gas atmosphere in pouches (%)
Storage
CO2 (%)
O2 (%)
(days)
PuOC-Z
PAPE
PuOC-Z
PAPE
9.1
27.7
2.6
0
15
10.1
27.9
0.4
0
0.1
26.5
17.5
0
30
0.1
27
17.6
0
7.9
27.2
1.1
0
45
8.8
23.7
0.2
0
0.9
22.5
18.3
0
75
5.3
0.7

N2 (%)
PuOC-Z
88.3
89.5
82.4
82.3
91
91
80.8
94

PAPE
72.3
72.1
73.5
73
72.8
76.3
77.5

CONCLUSIONS
The commercial material showed better mechanical properties in comparison to
biodegradable composite material. When barrier properties are compared, both
materials, commercial, as well as, biodegradable bio-based, showed great barrier
properties to oxygen. However, much higher transmission rate of carbon dioxide was
obtained for biodegradable bio-based material compared to commercial material,
which in some cases, such as packing products with high respiration rate, may be
adventageous. According to these results, pouche based on composite film pumpkin
oil cake-zein has maintained oxygen during 75 days, while carbon dioxide was
maintained to a minimum level.
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ABSTRACT
Edible films are natural biopolymer thin layers applied on the surface of the food product with main
task to prolong the shelf life and improve the product quality. Compared to synthetic polymers the
advantages of the edible films are edibility, biodegradability, biocompatibility, and natural appearance.
The edible films have potential to provide a selective barrier to moisture, carbon dioxide and oxygen,
as well as, they prevent flavor loss, and enhance the mechanical and textural properties. By
incorporation of different antimicrobial agents in the film formulation, the growth of the microorganisms
could be inhibited, reduced or delayed. In this research with aim to act as a natural antiyeast and
antifungal agent, the oleoresin extracted from the seed of red hot pepper (Capsicum annum L.) was
incorporated in alginate films (2%w/v) in concentration range from 10 to 1000 mg/100 mL of casting
solution. The films were characterized for thickness, water vapour permeability, tension puncture,
elongation at break, transparency and antifungal and antiyeast activity.
Alginate films were transparent, yellowish in colour, flexible, elastic and easy to handle. The addition
of oleoresin did not significantly influence (p<0.05) the film thickness. The barrier properties were
influenced by the addition of seed oleoresin in higher concentrations. Moreover, the tension puncture
and the elasticity increased significantly (p>0.05) above 30 mg/100 mL oleoresin concentration. The
transparency at 600 nm ranged from 11 % for the control films up to 18 % for the films with the lowest
oleoresin concentration. The concentration of oleoresin from 10 – 1000 mg/100 mL did not
demonstrate neither antifungal nor antiyeast activity towards one isolated mould and yeast from the
surface of deteriorated white hard cheese.
Keywords: edible films, Na-alginate, seed capsicum oleoresin, physical properties, antifungal activity

INTRODUCTION
Edible films and coatings make considerable interest in the food industry in the recent years
as a new generation of packaging materials. They have similar characteristics as synthetic
polymers in terms of moisture, gas barriers, transparency and mechanical strength.
However, they have an additional advantage of biodegradability. Edible films are thin layers
on the surface of the food product, thereby representing its integral part. Due to the fact that
edible films should be consumed altogether with the food, they have to be with neutral
sensorial properties and compatible with the product (Cuq et al., 1995). They are made from
natural ingredients (polysaccharides, proteins and lipids) and can be divided into
monolayers, multilayers and composite films depended on the formulation and the
preparation of the films. Furthermore, various substances such as: antioxidants, antimicrobial
agents, prebiotics, preservatives, aromatic compounds, colorants could be introduced in the
continuous matrix of the films, so they can act as an active layers (Kokoszka and Lenart,
2007). In that way the functionality of the edible films is widen in protection and extension the
shelf life of the food product (Azarakhsh et al., 2014).
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Most commonly used polysaccharides are starch and its derivates, cellulose and derivates
as alginates, pectins and carrageenan (Carneiro-da-Cunha, 2009; Velickova et al., 2015).
The hydrocolloids exhibit good gas transmission properties due to their ordered structure, but
poor water resistance because of the hydrophilic nature (Maizura et al., 2007). The most
common used is the alginate, a salt of alginic acid. It has unique colloidal properties and can
form strong gels. Often plasticizers are added to improve the mechanical properties of the
film by reducing the intermolecular attraction forces and thereby, increasing the film flexibility
(Rodrigues et al., 2006). Glycerol is a commonly used plasticizer in film formulations in order
to avoid damaging during handling.
Different active components have been incorporated within edible films to suppress the
quality changes during storage. Among them, essential oils from oregano, garlic,
lemongrass, cinnamon, paprika as well as extracts from grape and grapefruit seed have
shown antimicrobial effects towards E. coli, S. aureus, S. enteritidis, L. monocytogenes, L.
plantarum, B. subtilis (Ponce et al., 2008, Kraśniewska and Gniewosz, 2012).
The objective of this study was to evaluate the effects of Capsicum oleoresin incorporated
into alginate-based edible films on their barrier, optical and mechanical properties. Due to the
lack of data in the literature the test for antifungal and antiyeast activity was performed.

MATERIAL AND METHODS
Materials
Sodium alginate was purchased from Sigma-Aldrich Company Ltd, USA. Capsicum oleoresin
was extracted from the seed of red hot pepper (Capsicum annum L.) by supercritical CO2
extraction. Analytical grade chemicals were purchased from Merck, Germany.
Preparation of films
2 g of sodium alginate were dissolved in 100 mL distilled water with continuously stirring on a
magnetic stirrer (Tehtnica Zelezniki, Slovenia) at 80 °C for 20 min. Further, 0.2 g glycerol
was added and the agitation continued for additional 20 min. After the alginate was
completely dissolved, capsicum oleoresin was added in different concentrations (from 10 to
1000 mg in 100 mL aqueous solution). The composite mixture was homogenized for 20 min
in Ultrasound bath at 80 °C (Ei Nis OOUR-RC, Serbia). Films were obtained by casting of 20
mL alginate solutions in squared flat polypropylene containers with a surface of 8x8 cm
maintaining the viscous medium bubble free. The films were dried at 25 oC for 48 h and
conditioned at 25 oC and 53% relative humidity for 1 week prior to analyses.
Film characterization
Thickness measurement
Films thickness measured using a self-handed micrometer was calculated as an average
value from eight measurements from random positions on each film.
Determination of optical properties
Color
The color of the films was measured using Dr. Lange spectro-color colorimeter, calibrated
against the black and white tile prior analyzes. Film samples were placed over the standard
white tile and measured in 18 replications. The CIE Lab scale was used: lightness, L, and
chromaticity parameters a* (red-green) and b* (yellow-blue) were recorded. The color
differences (ΔE), chroma (C), and hue (h) values were calculated by the following equations:
ΔE = [(L* - L*0)2 + (a* - a*0)2 + (b* - b*0)2]1/2
C* = (a*2 + b*2)1/2

(1)
(2)
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ho = tan-1

(3)

where L*, a*, and b* values were the color parameters of the films, while the L0*, a0*, and
b0*values were the color parameters of the white tile.
Light transmission and transparency
Rectangular shapes (10 x 20 mm) were cut out from each film and placed in quartz cuvette.
Their transmittance was measured in the range of 190 – 900 nm on Varian Cary 50 UV - Vis
Spectrophotometer (USA) and was compared to the transmittance of the air. The relative
transparency of the film was measured at 600 nm, and was calculated as follows:
Transparency = log(T600/ )
where: T600 – transmission at 600 nm,
repeated five times.

(4)
– the film thickness (mm). All measurements were

Determination of mechanical properties
The mechanical properties as puncture force (Fmax), puncture tension (Tp) and elongation at
break (ε) were determined using a TA-XT2 (Stable Micro Systems, Godalming, England).
The puncture test was carried out with 2 mm diameter probe (P/2). The film samples (20 x 20
mm) were fixed down on perforated heavy duty platform. The initial distance was set 5 mm.
The films were punctured in the center with cross-head speed of 1 mm/s, and the force and
distance necessary to puncture the films were recorded. Puncture tension was calculated by
dividing the maximum force by the cross-sectional area of the probe and expressed in kPa.
The elongation at break was calculated as a ratio of the deformation at the point of sample
rupture to the set initial distance as a percentage. Seven replicates were measured.
Determination of water vapor permeability
Water vapor permeability (WVP) was measured gravimetrically according to the ASTM
E96/E96M-16 protocol. The films were sealed with silicone to the top of a glass petri dish
with a diameter of 7 cm. The glass petri dishes were placed in a desiccator where an internal
fan was used to promote the circulation of the air inside the desiccator. The room
temperature and the relative humidity outside the petri dish were measured over time using a
thermohygrometer. The water vapor molar flux (N) was determined by weighing the petri dish
in regular time intervals for 24 h. The water vapor permeability was calculated as follows:

WVP

N δ
Δ P
w

(5)

where δ is the film thickness (m) and ΔPw is the water vapor difference between both sides of
the film.
Determination of antifungal and antiyeast activity
Unspecified yeast and Penicillium spp. were isolated from deteriorated white brined cheese
and incubated at 25oC for 5 days using DG-18 (Dichloran Glycerol, Merck) agar.
The agar well diffusion method using Plate count agar was used to screen the activities
towards molds and yeasts. Spherical parts of the edible film with different concentrations of
capsicum oleoresin (10, 20, 30, 50, 70, 100, 250, 500, 750 and 1000 mg/100mL) were
placed on the agar which had been added previously with 0.1 mL of inoculums containing
approximately 105–106 CFU/mL of tested microorganisms.
Statistical Analysis
Descriptive statistics and one-way analysis of variance (ANOVA) were performedto evaluate
significant differences among the samples at 95% confidence interval according to Tukey’s
test using Minitab 15 statistical software.
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RESULTS AND DISCUSSION
The prepared films were homogenous, thin, transparent, yellowish in color with a slight
orange nuance, flexible and easy to handle. As the concentration of capsicum oleoresin
increased the pale orange nuance was pronounced. At the concentration of 1000 mg/100 mL
casting solution, the oleoresin was difficult to incorporate within the continuous matrix;
therefore excess oil was noticed on the surface of the film. In general, the differences in
appearance between the films were insignificant, even though at higher concentrations of
oleoresin they were more flexible, but less transparent.
Optical properties
Thickness and color parameters.
Color and transparency are of a great importance for the acceptance of the coated product.
The thickness and color parameters determined for the films are presented in Table 1. The
average thickness for all films was in range of 39 to 45 μm, which was in accordance with the
results of Velickova et al. (2015) for composite chitosan films emulsified by beeswax. The
lightness did not differ among the films. However, there was noticed an overall color change
from 25.71±077 for the films incorporated with 500 mg capsaicin/100 mL to 29.84±0.90 for
those incorporated with 1000 mg/mL. That was due to the increase of the parameters a* and
b*which indicate the orange nuance.
Table 1. Thickness and color of edible films
Edible film Thickness (μm)
L*
a
C
45.02±2.17
83.28±1.13
a
C 10
42.37±1.03
79.79±2.99
a
C 20
44.06±2.36
75.24±1.59
a
C 30
43.18±3.15
83.91±0.76
a
C 50
41.81±5.78
84.53±2.22
a
C 100
40.60±0.95
84.33±0.71
a
C 250
40.95±1.23
79.96±2.32
a
C 500
40.01±1.01
75.19±2.67
a
C 750
39.89±0.39
78.21±2.15
a
C 1000
39.56±2.11
82.17±5.90

ΔE*
3.38±4.34
15.69±3.05
20.45±0.67
6.29±6.87
7.25±4.37
1.24±0.941
18.10±0.54
25.71±077
24.28±0.73
29.84±0.90

ΔC*
5.24±0.12
5.90±0.76
6.51±0.72
5.47±0.03
4.39±0.29
4.55±0.03
9.49±3.67
15.85±2.85
17.06±1.89
15.40±4.04

h
86.50±0.12
87.46±0.20
88.01±0.44
87.08±0.26
86.32±0.23
86.59±0.02
82.99±0.40
77.98±0.68
76.42±0.73
76.26±0.66

a
a
a
a
a
a
a
a
a
a

C-control, C10 -10 mg/100 mL, C20 -20 mg/100 mL, C30 -30 mg/100 mL, C50 -50 mg/100 mL, C100 -100 mg/100 mL,
C250 -250 mg/100 mL, C500 -500 mg/100 mL, C750 -750 mg/100 mL, C1000 -1000 mg/100 mL capsicum oleoresin
* Values with different superscript mean that the values are significantly different (p < 0.05)

Light transmission and transparency.
Table 2. Transmission and transparency of edible films
Wavelength transmission (nm)
Edible film
200
400
600
C
0
19.40
31.00
C 10
0
8.70
17.05
C 20
0
9.20
17.70
C 30
0
13.30
24.50
C 50
0
20.25
30.00
C 100
0
13.75
23.15
C 250
0
6.14
10.54
C 500
0
9.92
15.93
C 750
0
6.59
19.23
C 1000
0
4.53
8.38
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800
40.00
25.40
26.10
33.60
40.00
32.60
13.41
19.87
11.12
18.54

Transparency
(%)
11.29
18.13
17.06
14.14
12.50
15.65
2.40
2.57
2.64
2.27
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C-control, C10 -10 mg/100 mL, C20 -20 mg/100 mL, C30 -30 mg/100 mL, C50 -50 mg/100 mL, C100 -100 mg/100 mL,
C250 -250 mg/100 mL, C500 -500 mg/100 mL, C750 -750 mg/100 mL, C1000 -1000 mg/100 mL capsicum oleoresin

The saturation of the color increased as the concentration of the oleoresin increased.
Increasing the capsicum oleoresin concentration in the films 3 times higher chroma values
were estimated. The yellowish color of the films was reflected by the hue value near 90o for
the films with lower concentration of oleoresin, whereas, for the higher concentration it
decreased below 80o and was replaced with orange nuance. Statistical difference was not
observed (p<0.05).
In addition of optical properties, light transmission and transparency in the ultraviolet and
visible spectra were determined (Table 2.).
The transparency is a desirable property, as the film should enfold the product and still
remain its natural look. No values for the light transmission were recorded in the UV light
range, whereas in the visible range (400 nm – 800 nm) the transmission was in the range
from 9 to 40%. The films with concentration from 10 to 100 mg/100 mL had transparency in
range of 11 - 18%. In all the other films containing oleoresin in the concentrations above 100
mg/100 mL was observed considerable decrease of the transparency up to 2% (Table 2).
Mechanical properties
The results for maximum force, elongation at break and the puncture tension are shown in
Figure 1.

a)

c)

b)

Figure 1. Mechanical properties of edible films: a) maximal force of puncture (F max), b) elongation at
break (ε), c) tension puncture (Tp).
C-control, C10 -10 mg/100 mL, C20 -20 mg/100 mL, C30 -30 mg/100 mL, C50 -50 mg/100 mL, C100 -100 mg/100 mL, C250 -250
mg/100 mL, C500 -500 mg/100 mL, C750 -750 mg/100 mL, C1000 -1000 mg/100 mL capsicum oleoresin

The inclusion of the oleoresin modified the mechanical properties. The concentration below
30 mg/100 mL did not influence on the maximal force and puncture tension. However, the
films were slightly less flexible than the control film. By increasing the concentration of the
oleoresin significant differences in the mechanical properties were noticed. The highest
elongation at break of 8.56±1.78 % was noticed for the film with oleoresin concentrations of
1000 mg/mL. The incorporation of the lipid component into continuous phase of the films
introduce discontinuities in the polymer structure, which led to weakened intermolecular
interactions and consequently to less stiff films. The lipid component acts as a plasticizer
increasing the film ability to stretch.
Water vapor permeability
The barrier properties of the film towards transferring the moisture between the product and
the environment are of a great importance. Thus, WVP should be as low as possible. The
results are shown in Figure 2.
The films that contained oleoresin in the concentrations from 10 mg/100 mL to 100 mg/100
mL showed WVP from 2.10-11 molm/m2sPa to 2.5.10-11 molm/m2sPa. Barrier properties were
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enhanced for the films with incorporate oleoresin in the concentrations from 250 mg/100 mL
to 1000 mg/100 mL because of the hydrophobic nature of the oleoresin. WVP decreased
from 2.10-11 to 1.3.10-11 molm/m2sPa for the control film and for the films with higher
concentrations of the oleoresin, respectively (Figure 2).

Figure 2. Water vapour permeability of edible films.
C-control, C10 -10 mg/100 mL, C20 -20 mg/100 mL, C30 -30 mg/100 mL, C50 -50 mg/100 mL, C100 -100 mg/100 mL, C250 -250
mg/100 mL, C500 -500 mg/100 mL, C750 -750 mg/100 mL, C1000 -1000 mg/100 mL capsicum oleoresin

Enhanced barrier properties of edible films modified with lipid component (beeswax,
carnauba, shellac, corn oil, sunflower oil) were already reported by Azarakhsh et al. (2014)
and Velickova et al. (2015).
Antifungal and antiyeast activity
The antifungal and antiyeast activity of the capsicum oleoresin was tested using native
microorganisms isolated from deteriorated cheese. Pure edible film and pure oleoresin
served as controls for determination the potential anti-fungal and antiyeast effect of capsicum
oleoresin. The films with concentrations of the oleoresin from 10 to 1000 mg/100 mL did not
show antifungal and antiyeast activity (data are not shown). Assuming that the reason for this
results is low concentration of the capsicum oleoresin (from 0.1 to 1.0 mg/mL casting
solution), or by the high concentration of the inoculums (approximately 105 to 106 per Petri
dish).
Comparable results were found by Ponce et al. 2008 with chitosan and 1% capsicum. Their
test didn’t show significant inhibitory effect on squash native flora. McBride (2016) reported
antifungal activity of the capsicum resin against Candida albicans in the concentrations of
100 mg/mL.

CONCLUSIONS
Results in this study showed that incorporation of capsicum oleoresin within alginate-based
edible films could improve barrier properties and increase the elasticity of the films. Slightly
changes of color and decreasing of the transparency were determined when concentrations
of oleoresin above 100 mg/100 ml were used. The tested concentrations of capsicum
oleoresin from the seeds of the red hot pepper, (Capsicum annum L.), did not demonstrate any
antifungal nor antiyeast activity against cheese deterioration flora.
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ABSTRACT
The aim of this paper was to examine oxidative changes (by following acid value, peroxide value and
thiobarbituric acid-reactive substance (TBA-RS) value) in osmotically dehydrated pork meat. After
osmotic dehydration in sugar beet molasses, half of the meat samples were additionally protected with
starch edible coating. Starch edible coating was activated with 2.5% of oregano essential oil. Both
sample groups were packed under modified atmosphere (MAP) (30%CO 2+70%N2) and labelled as
OD+MAP (samples osmotically dehydrated and packed under MAP) and OD+MAP+S (samples
osmotically dehydrated, protected with starch coating and packed under MAP). Samples were stored
o
at 4 C and sampled every 15 days during the 60 days of storage period.
Values of acid number decreased in first part of the storage period for both sample groups (with and
without starch coating) whereupon increased by the end of the storage period. At the end of storage
period, acid value was 21,01 mg KOH/g for OD+MAP and 16,97 mg KOH/g for OD+MAP+S sample.
Conversely, values of peroxide number and TBARS increased in first part of storage period for both
sample groups, and afterwards decreased by the end of the storage period. TBARS values for both
sample groups didn’t exceed 0,5 mg MDA/kg, which is considered to be limit for rancidness.
Comparing results of all three oxidative quality parameters in samples with and without starch edible
coating, lower oxidative values for samples in which the starch coating was applied (OD+MAP+S)
were recorded. On this basis, contribution of starch coating to preserve the quality of the packaged
product, could be directly concluded.
Keywords: packaging, starch edible coating, meat, osmotic dehydration, oxidative characteristics

INTRODUCTION
Meat is the muscle tissue of slaughter animals composed of water, proteins, lipids, minerals
and a small proportion of carbohydrates and its rich nutritional composition is the reason why
meat and meat products are susceptible to quality deterioration (Devatkal et al., 2012). Meat
and meat products shelf-life depends on the successive control of oxidation and microbial
spoilage processes under room and refrigerated storage conditions (Fung, 2010; Karabagias
et al., 2011). Lipid and protein oxidation has been demonstrated as the main, non-microbial
cause of quality deterioration during processing. Meat becomes susceptible to oxidative
deterioration due to high concentrations of unsaturated lipids, heme pigments, metal
catalysts and a range of oxidizing agents in the muscle tissue (Šojić, 2013).
Lipid oxidation is also affected by technological procedures to which meat is subjected during
processing - light and oxygen access, storage temperature, etc. It leads to the formation of
compounds which have negative effects on sensory attributes such as color, texture, odor,
and flavor as well as the nutritional quality of the product (Karakaya et al., 2011; Nunez de
Gonzalez et al., 2008).
The highly perishable meat and meat products nature requires appropriate
preservation/processing techniques (Hygreeva et al., 2014). Proper packaging conditions, as
well as the correct choice of packaging materials, allow protection against external
influences, as well as keep sensorial, nutritional and microbiological properties to the stated
expiration date. The introduction of packaging in modified atmosphere (MAP) has solved
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many problems related to the distribution, storage and sustainability of perishable foods,
especially those subject to changes in the presence of oxygen (Smiddy et al., 2002). The
principle of MAP is the replacement of the atmosphere surrounding a product before sealing.
Commonly used gases are carbon dioxide, oxygen and nitrogen. Carbon dioxide possesses
bacteriostatic activity (Nair et al., 2015). Oxygen is important to retain meat color and
nitrogen results essential to avoid oxidation of fats and pack collapse. Shelf-life prolongation
could be achieved by combining different gas mixtures for MAP meat packaging, while
quality stays maintained to the stated expiration date. The application of MAP to processed
meat has grown greatly in recent years (Šuput et al., 2014).
Active packaging is a significant area of advancement of MAP technology to further improve
the safety of meat and poultry products (Narasimha Rao and Sachindra, 2002). The use of
bioactive compounds from plant materials as natural antioxidants has a great antimicrobial
and antioxidative potential. Lipid oxidation can be inhibited/reduced by the use of
antioxidants in meat and meat products and thus the product quality and shelf-life can be
improved (Shah et al., 2014). Antioxidants are substances that, at low concentrations, retard
the oxidation of easily oxidizable biomolecules, such as lipids and proteins in meat products
(Karre et al., 2013). Technological strategies involve the application of antioxidants directly
into the meat and meat products or by coating packaging materials with plant extracts to
improve the oxidative stability of the products (Falowo et al., 2014).
The aim of this paper was to investigate the effect od starch based edible coating activated
with oregano essential oil on oxidative stability of osmotically dehydrated pork meat during
60 days of storage.

MATERIAL AND METHODS
Chemicals
Modified corn starch (C*EmTex 12688) and guar-xanthan (Lygomme KTC 58) modified
mixture were provided by Palco (Šabac, Serbia). Glycerol was obtained from Laboratorija
(Novi Sad, Serbia) while oregano essential oil was obtained from Probotanic (Belgrade,
Serbia).
Methods
Osmotic dehydration
Fresh pork meat (М. triceps brachii) (48 h post mortem) was manually cut into 1cm3 cubes
and osmotically dehydrated in sugar beet molasses for 5 hours at 22 °C. After osmotic
dehydration, half of the meat samples were additionally protected with starch edible coating.
Starch edible coating preparation and application
Starch edible films were obtained by casting of film-forming solution (1.5 starch mg/ml) with
the addition of glycerol (40%) and guar-xanthan (0.1%). Film-forming solution was heated at
90˚C for 60 min in water bath, and then homogenized (Silent Crusher M, Heidolph,
Germany), at 166.67 Hz for 1 min. Finally, oregano essential oil (2.5%) was added. Starch
edible coating was applied by dipping method.
Packaging, storage and sampling
Osmotically dehydrated meat was separated in 2 groups. First was used as a control, while
second was dipped into starch edible film-forming solution with aim to obtain coating. Both
sample groups were packed under modified atmosphere (30%CO2+70%N2) in trays (lower
foil: PVC//PE–EVOH-PE, upper foil: PET//PE-EVOH-PE) and labelled as OD+MAP and
OD+MAP+S. Samples were stored at 4 0C and sampled every 15 days during the 60 days of
storage period.
Oxidative changes
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Acid value was determined according to SRPS EN ISO 660:2000 method. Peroxide value
was determined according to SRPS EN ISO 3960:2011 method. Malоndiаldеhyde content
was determined by spectrophotometric method (Botsoglou et al., 1994), which is based on
measuring the absorbance of the colored complex formed by reacting compound of
malondialdehyde (MDA) and 2 molecules of thiobarbituric acid (TBA).

RESULTS AND DISCUSSION
Lipolytic changes in the patterns of osmotically dehydrated meat are expressed through the
acid number (free fatty acids content). The content of free fatty acid is used as an indicator of
oils and fats edibility, as well as edibility of fats extracted from food products, including meat
and meat products (Levermore, 2004).
Acid number value (mg KOH/g), during storage period, decreases until 2nd week of storage
(Figure 1). Decline in the value of the acid number is uniform for both sample groups.
Afterwards, acid number value increases for all packaged osmotic dehydrated meat samples.
At the end of 8-week storage, significantly different values were observed among different
samples. Higher value of acid number was noticed for OD+MAP sample (21.01 mg KOH/g),
in comparison with OD+S+MAP sample (16.97 mg KOH/g). Based on these results,
contribution of starch edible coating is obvious. Acid number value increment during storage
is commonplace and it can`t be used as the sole failure indicator and the beginning of
hydrolytic lipid degradation.

Figure 1. Acid number change during storage period.

Figure 2. Peroxide number change during storage period
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Peroxide number indicates the level of primary fatty acid oxidation and it, also, indicates to
the amount of hydroperoxide, as primary autoxidation products. Results, presented in Figure
2, point to the peroxide number values increase until the 6th week of storage for both sample
groups. Peroxide number value was 2.13 meq/kg for sample labeled as OD+S+MAP and
2.61 meq/kg for sample labeled as OD+MAP. Afterwards, peroxide number values decrease
for both sample groups.
Determination of malondialdehyde content using 2-thiobarbituric acid (TBARs) is one of the
oldest and most commonly used method for determination of secondary oxidative changes of
lipids level in the meat and meat products. For it`s simplicity and high correlation with
sensory evaluation, this method is applied to define the oxidative status (Šojić, 2013).
Oxidative changes degree of packaged osmotic dehydrated meat samples, expressed
through the TBA, with and without starch coating are shown in Figure 3.

Figure 3. TBARS change during storage period

During storage, TBARS value increase was recorded in both sample groups, which is a
result of lipid oxidation. This result is in correlation with Zhang et al. (2013) findings. Маxima
values appeared after 1st week of storage. Lowered lipid oxidation in samples coated with
activated starch coating (ОD+S+МАP) is direct consequence of active phyto-chemicals in
oregano essential oil, which is in agreement with Gupta et al. (2013) findings. After 2 weeks
of storage, ТBARS values decreased. МDА concentration decreases, after achieving
maximum value. It could be concluded that МDА rеаcts with carbohydrates or amino acids,
present in sugar beet molasses, so МDА decomposes till the end of storage period into other
compounds. Lowest ТBARS values were recorded at samples packed in MAP with the
addition of activated starch biopolymer coating.

CONCLUSIONS
During a defined period of storage, oxidative changes in osmotically dehydrated meat
packaged in MAP with and without starch biopolymer coating were determined. Beside
contribution of osmotic dehydration, as well as packaging in MAP, since examined samples
had good initial values regarding to oxidative stability, direct contribution of activated starch
biopolymer coating could be concluded. Comparing results of all three oxidative quality
parameters, in samples with and without starch edible coating, lower oxidative values for
samples in which the starch coating was applied (OD+MAP+S) were recorded. Reason for
this is presence of oregano essential oil, which has strong antioxidative potential, which is
sustained by the starch edible coating, used as a carrier for the active component.
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ABSTRACT
The influence of process parameters on the change of paprika surface colour during three years of
storage was monitored by measuring CIE L*a*b* colour parameters once a year. Five paprika
samples, originating from Martonoš (Serbia), included the samples sterilized in dry or wet conditions,
as well as non-sterilized samples. Samples also differed by the grinding procedure used to obtain the
paprika powder. During the storage period, paprika samples were stored in original packaging at
ambient temperature in the dark. The colour of paprika powder was measured by Chroma Meter CR400 (Konica Minolta, Japan), using attachment for granular materials CR-A50. Directly measured
colour parameters were CIE L* (lightness), a* (+a* = redness, -a* = greenness), b* (+b* = yellowness,
-b* = blueness), and total colour change (ΔЕ) was calculated from the CIE L*a*b* colour parameters.
The change of paprika colour during storage can be characterized by the increase of CIE L* and b*
colour values and decrease of a* colour value, indicating shift from red-orange to orange-yellow
colour. Sample subjected to steam sterilization showed the most rapid increase of lightness and the
highest total colour change after the first year of storage. However, this sample showed only slight
colour change in the second and third year of storage. On the other hand, samples sterilized in dry
conditions showed pronounced colour change in all three years of storage. The colour of non-sterilized
samples changed mostly during the first year of storage, with slight change in second and more
pronounced change in the third year of storage. Sample marked as “extra quality” maintained the
highest a* values and the lowest L* and b* values during the whole storage period. The sample that
was ground twice had the highest values of L* and b* parameters during the three years of storage.
Keywords: paprika, colour, granulation, sterilization, storage

INTRODUCTION
Paprika is the worldwide known spice produced by grinding of red pepper fruits (Capsicum
annuum L.), used to give colour, flavour and pungency to various dishes. The main quality
attribute of paprika is the intensity of its red colour, because it influences both consumer
acceptance and commercial value (Nieto-Sandoval et al. 1999; Ergüneş and Tarhan 2006).
The red colour of paprika originates from capsanthin and capsorubin, carotenoids that occur
only in Capsicum species (Kevrešan et al., 2009). In the international trade, paprika is
classified into different quality classes by the number of ASTA units per paprika dry weight,
which is determined by the official analytical method of ASTA (American Spice Trade
Association) (ASTA Analytical Method 20.1, 1986) (Kim et al. 2008; Official Gazette of RS,
72/14). However, this method only indicates the content of pigments and the colour hue (Kim
et al. 2008). Measurement of paprika surface colour by application of tristimulus colorimetry
presents quicker and easier non-destructive method compared to the ASTA method, giving
results closest to visual perception and thus allowing more precise differentiation of the
samples by their external colour, especially by the different content of browning pigments
(Gomez et al. 1998; Kim et al. 2006; Vračar et al., 2007).
Paprika is, similarly to other spices, often contaminated by high levels of moulds, yeasts and
bacteria. Presence of pathogenic bacteria like Bacillus cereus and Escherichia coli, as well
as high levels of aflatoxin B1 were also found in powdered red pepper (Almela et al., 2003;
Rico et al., 2010). Therefore different sterilizing procedures are used to reduce the number of
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microorganisms in paprika powder, such as sterilization with heated gas, steam sterilization
and γ-irradiation (Almela et al., 2003; Rico et al., 2010).
Degradation of paprika colour during processing and storage presents the major problem in
its production, and it is attributed to many factors such as variety, moisture content and
ripeness stage at harvest (Schweiggert et al., 2007). Colour degradation is mainly a
consequence of carotenoids degradation and non-enzymatic browning reactions, which are
accelerated by higher temperatures and water activities, light and molecular oxygen
(Ergüneş and Tarhan 2006; Topuz 2008). Therefore sterilization treatments can significantly
affect the paprika colour, especially during prolonged storage. Research on this problem was
previously published by Vračar et al. (2007). In addition, grinding of red pepper fruits can also
contribute to the colour stability. On the one hand, it increases the contact surface between
powder and oxygen and moisture in atmosphere; on the other hand, it releases antioxidants
naturally present in pepper pericarp and seeds, ascorbic acid and tocopherols, respectively,
thus preventing oxidative degradation of pigments (Schweiggert et al., 2007). However, none
of these experiments was conducted in storage period longer than 4 months, although the
expiration date of most paprika powders is at least a year.
Bearing in mind the importance of sterilization method and grinding procedure for the change
of paprika surface colour during storage, the aim of this research was to examine the
influence of different combinations of process parameters on the change of paprika colour
during storage.

MATERIAL AND METHODS
Paprika samples and storage conditions
Five samples of ground red pepper (paprika) were obtained from producers in Martonoš
(Serbia). The samples consisted of a mixture of the different Hungarian and Serbian paprika
varieties. Description of each paprika sample with grinding and sterilization procedure used
in production process is given in Table 1. The surface colour of the samples was measured
before storage and then once a year, during the following three years. Paprika samples were
stored in original packaging (closed bags made of PET/AL/PE laminated foil) at ambient
temperature (21 ± 5°C) in dark during the entire storage period.
Table 1. Description of paprika samples
Sample
Description
Grinding procedure
MSS
Sweet
Stone mill, ground once
MSN
Sweet
Stone mill, ground once
MSF
Sweet
Stone mill, ground twice
Sweet,
extra
MSE
Stone mill, ground once
quality
Stone mill, ground once and
MSW
Sweet
sieved

Sterilization procedure
Dry sterilization at 120 °C
No sterilization
Dry sterilization at 120 °C
No sterilization
Steam sterilization at 130-140 °C

Determination of particle size distribution
Determination of particle size distribution was performed by sieving the previously weighted
sample (50 g) through eight sieves, using Bühler (Switzerland) rotational sieving machine.
Sieve openings were in the range from 500 µm to 100 µm. Mass of paprika powder retained
on each sieve was measured. Mass of paprika powder that passed through the all eight
sieves was also measured and labelled as “bottom”.
Colour measurement
The surface colour of paprika powder was measured with Chroma Meter CR-400 (Konica
Minolta, Japan), using attachment for granular materials CR-A50. CIE L* (lightness), CIE a*
(+a* = redness, -a* = greenness) and CIE b* (+b* = yellowness, -b* = blueness) were read
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using a D65 light source and the observer angle of 2°. The tristimulus values of CIE L*a*b*
readings were calibrated against a standard white plate (Y=84.8; x=0.3199; y=0.3377). Each
sample was measured in ten replicates.
Derived colour parameters, hue angle and chroma were calculated using the following
equations (Topuz et al., 2009):
h° = arctan (b/a)

(1)

C = (a2 + b2)1/2

(2)

The hue angle value represents the position of determined colour in the colour wheel, with
red-purple at an angle of 0°, yellow at 90°, bluish-green at 180° and blue at 270°. The
chroma value represents colour saturation of the samples, with high values representing
vivid colour (Topuz et al., 2009; Tepić et al., 2010).
Total colour change (ΔE) between samples stored for a different period was calculated
according to the following formula (Ergüneş and Tarhan, 2006):
ΔE = [(L2 – L1)2 + (a2 – a1) + (b2 – b1)2]1/2

(3)

RESULTS AND DISCUSSION
Particle size distribution of paprika samples is presented in Figure 1. It can be seen that
samples MSF (ground twice) and MSE (extra quality) have higher percentage of particles
retained on the sieves with smaller openings (212, 150, and 132 μm). On the other hand,
samples MSS (ground once, sterilized) and MSN (ground once, non-sterilized) have higher
percentage of larger particles (450 and 350 μm fractions). Sample MSW, ground once and
sieved, has high percentage of particles retained on the sieve with opening of 350 μm, as
well as the highest percentage of particles that passed through all sieves (bottom fraction).
However, all paprika samples have the highest percentage of the fraction retained on the
sieve with 250 μm opening.

Figure 1. Particle size distribution of paprika samples

The change of paprika colour during storage can be characterized by the increase of
lightness (L*) and yellow colour (b*) and decrease of red colour (a*) (Figure 2).
Consequently, hue angle (h°) values show marked increase with storage time, indicating shift
from red-orange to orange-yellow colour. Chroma (C*) values showed slight decrease for all
paprika samples. These trends of paprika colour change during storage are similar to our
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previous findings for commercial paprika samples (Belović et al., 2014). Contrary to results
obtained in our researches, in research conducted by Vračar et al. (2007), L* values
increased only in non-sterilized samples during 90 days of storage at room and refrigerator
temperature, while a* and b* parameters decreased in both samples, leading to constant hue
angle values.

Figure 2. Change of colour parameters during storage

Sample subjected to steam sterilization (MSW) showed the most rapid increase of lightness
after the first year of storage. Samples which were not sterilized had the lowest L* values
during the whole storage period (MSN and MSE). Sample MSF, which was ground twice,
had higher L* values than the sample which was subjected to the same dry sterilization
procedure, but was ground only once (MSS). Sample MSF also had the highest values of L*
and b* parameters during the three years of storage. Contrary to our results, Tepić et al.
143

III International Congress “Food Technology, Quality and Safety”

(2010) reported that the sample with the highest particle diameter (0.479) also had the
highest L* and b* values. However, particle size distribution of paprika samples examined in
these two researches was probably different, making the obtained results not completely
comparable.
Sample MSE (extra quality) had the highest a* values and the lowest b* values, leading to
the lowest hue angle during all three years of storage, which was expected due to its quality
class that is determined by ASTA value (Official Gazette of RS, 72/14). Sample MSW had
the lowest a* and C* values of all samples during the whole storage period, while nonsterilized samples had the lowest b* values and hue angle. From these results, it can be
concluded that steam sterilization affects red pigments in paprika powder more than dry
sterilization, partly due to higher temperatures applied in this process. On the other hand, dry
sterilization promotes formation of yellow pigments in greater extent than steam sterilization.
Total colour change (ΔE) was calculated between years of storage and ΔE values after each
year of storage were presented in stacked column plot (Figure 3) for easier comparison
among storage periods and different paprika samples. Degree of colour difference between
two samples can be interpreted in the following way: ΔE in the range of 0–0.5 indicates an
imperceptible difference in colour, 0.5–1.5 a slight difference, 1.5–3.0 a just noticeable
difference, 3.0–6.0 a marked difference, 6.0–12.0 an extremely marked difference, and
above 12.0 a colour of a different shade (Kim et al. 2008). According to that, only the colour
of non-sterilized paprika sample (MSN) changed markedly, while the colour of all other
samples changed extremely markedly.

Figure 3. Total colour change in each year of storage for paprika samples

Sample sterilized in wet conditions (MSW) expressed the highest total colour change after
the first year of storage. However, this sample showed only slight colour change in the
second and third year of storage. Steaming under high-temperature was previously shown to
cause more prominent colour changes and lower sensory scores during storage at room
temperature in comparison with γ-irradiation (Rico et al., 2010). On the other hand, samples
sterilized in dry conditions (MSS and MSF) showed pronounced colour change in all three
years of storage.
The colour of non-sterilized samples (MSN and MSE) changed mostly during the first year of
storage, with slight change in second and more pronounced change in the third year of
storage. The colour of sample with initially higher amount of red pigments, marked as “extra
quality” (MSE), changed in greater extent during storage compared to sample with average
red pigment content (MSN).
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CONCLUSIONS
Particle size distribution differs between paprika samples, with samples MSF (ground twice)
and MSE (extra quality) having higher percentage of particles retained on the sieves with
smaller openings (212, 150, and 132 μm).
The change of paprika colour during storage was characterized by the increase of CIE L*
and b* colour values and decrease of a* colour value, indicating shift from red-orange to
orange-yellow colour that is clearly seen as the increase of hue angle values. Sample
subjected to steam sterilization showed the most rapid increase of lightness and the highest
total colour change after the first year of storage. Samples sterilized in dry conditions showed
pronounced colour change in all three years of storage. The colour of non-sterilized samples
changed mostly during the first year of storage, with slight change in second and more
pronounced change in the third year of storage. Steam sterilization caused greater
degradation of red pigments in paprika powder than dry sterilization, while dry sterilization
promotes formation of yellow pigments in greater extent than steam sterilization.
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ABSTRACT
Recently, polylactide based materials, due to its biodegradability and biorenewability, as well as their
functionality, have been put in focus of scientific investigation aimed at resolving problem of solid
waste and reduction in exploitation of fossil raw materials. This study compares the effects of different
amounts of two types of silica (SiO2) particles on the thermal properties of polylactide (PLA). Applied
types of silica fillers differ from each other in particle size or specific area. Samples were prepared by
stirring the filler in chloroform, dilution of PLA in prepared mixture and casting on Petri dishes. Thermal
properties of obtained composite films were investigated using TGA and DSC methods. The
experimental results are pointing out the difference in influence on thermal properties of PLA by
addition of nano- compared to micro- fillers. Besides the type, the amount of filler also had significant
influence on thermal properties of hybrid material compared to neat PLA.
Keywords: PLA, silica, composites, thermal properties, crystallization

INTRODUCTION
Daily increase in number of population and development of new technology lead to the
greater need for bio-based materials. Bio-based materials are made from biomass feedstock
fixed with carbon dioxide from atmosphere (Tsujimoto et al., 2015). The use of bio-based
materials reduces the green-house gas and enables a fossil resource saving. Biomass based
plastic has been put in the focus of scientific researches because of the fact that some of
these polymer materials are able to degrade after their use. Biodegradability is desirable
property for the packaging material because it allows the reduction of amount of polymer
waste in environment. As environmental-friendly and biodegradable polymer, polylactide has
attracted a lot of attention in recent years. It is aliphatic thermoplastic polyester produced
from lactic acid which is derived from the fermentation of renewable resources such as corn,
potato, sugar beets etc. (Zhang et al., 2008). Therefore, by-products of agriculture and food
industry can be used as feedstock for the production of PLA. Structural unit of PLA, lactic
acid, the normal product of metabolism in human body, gives the CO 2 and H2O in
decomposition process, which can be nutrients for the biomass (Ndazi et al, 2011). That
implicates that the whole life cycle of PLA has been put in ecological framework. Due to its
good mechanical strength and excellent biocompatibility, PLA exhibits great potential
applications in many fields, among all, packaging and catering industry (Kontou et al., 2011).
Its poor toughness, thermal stability and low crystallization rate limit its wider application in
these fields (Myoung et al., 2016). In particular, an increment in the crystallinity of PLA is
very important because it is related to heat deflection temperature, tensile strength, flexural
strength, impact resistance and enzymatic degradation (Myoung et al., 2016.). One of the
possibilities to overcome these drawbacks is forming the PLA based nanocomposites by
addition of a small amount of nanosized fillers (Fukushima et al., 2009). Nanosized fillers are
inorganic or organic particles which have at least one dimension in the range of 1-100 nm.
Because of the small particle size and extremely high surface area, the incorporation of
nanoparticles into a polymer creates a great amount of interphase and changes the
intermolecular interaction of the matrix (Wen et al., 2009). Improvement in mechanical and
gas barrier properties as well as thermal stability is the result of good dispersion of fillers in
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polymer matrix and strong interaction between both phases. Silica is one of the most
frequently used nanofillers in polymer nanocomposites, due to its excellent properties such
as large surface area, non-toxicity and good compatibility with polymer matrix (Sarikhani et
al., 2016). In this paper, effects of different amounts of two types of silica particles (nano and
micro) on thermal stability of PLA based composites have been investigated. The main
difference between two types of nanoparticles was in particle size and specific area. In this
study, pure PLA film and PLA films with different weight fractions of each type of silica
particles has been prepared by solution casting method. The effect of used silica types
loading on thermal properties of obtained composites were studied through
thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC).

MATERIAL AND METHODS
Material
The PLA used in this study was provided from Esun, China. Number-average molecular
weight of the neat PLA was Mn=60520 gmol-1, weight-average molecular weight was
Mw=160780 g mol-1 and polydispersity Q=2.6 (from GPC). The nanosilica type N999 with
specific surface are of 45-60 m2/g and average particle size 40 nm and microsilica Sidistar
T120 with specific surface of 20 m2/g and average particle size 150 nm were supplied by
Elkem (Oslo, Norway) and used as received.
Sample preparation
Pure PLA film and PLA films with 0.02-2 wt. % of silica were prepared by solution casting
method. Appropriate amounts of silica were added in chloroform and stirred in an ultrasonic
bath for 10 min. PLA was added to silica dispersion and continued stirring with magnetic bar
for 4 hours at room temperature. PLA/silica composites were poured into glass Petri dishes
(10 cm diameter) and vacuum dried for 2h and, additionally, 24 hours for total evaporation of
solvent at room temperature.
Differential scanning calorimetry (DSC)
The melting and crystallization behaviors of prepared composites were investigated with
differential scanning calorimeter NETSCH model 2401 Phoenix. The samples were heated
from room temperature to 180°C, cooled to 20°C and held isothermaly for 5 min to eliminate
all thermal history. After annealing samples were heated from 20 °C to 180 °C with 10 °C
min-1 heating rate.
Thermogravimetric analysis (TGA)
Thermogravimetric analysis was conducted on thermogravimetric (TG) analysis device 701
LECO (LecoCorp.,USA). Analyses were performed in defined temperature range from 20600 °C, with heating rate of 10°C/min, under nitrogen atmosphere.

RESULTS AND DISCUSSION
Addition of different particles into PLA polymer matrix could affect its physical properties e.g.
crystallinity and thermal stability. Selection of specific particles (based on particle size and
specific surface area) is very important, because their distribution and dispersion are strongly
dependent on these parameters causing improvements in materials properties (Radusin et
al. 2012). Thermal analysis is very useful tool for better characterization of PLA composite
materials. Commonly used techniques are TGA analysis for characterization of thermal
stability and DSC as technique for determination of characteristic temperatures (glass
transition, cold crystallization and melting temperatures) as well as enthalpies (of melting and
crystallization) in order to characterize crystalline behavior of hybrid materials (Saiter et al.
2016). DSC thermograms of second heating scans for neat PLA and composites with
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different loadings of silica particles N999 and sidistar T120 are shown in Figure 1 and 2,
respectively.

Figure1. DSC curves of pure PLA film and PLA film with (0.02-2 wt. %) of silica N999

On DSC thermograms following thermal transitions are detected: the glass-transition
characterized by glass transition temperature (Tg), cold crystallization process characterized
by cold crystallization temperature (Tcc) and crystallization enthalpy (ΔHcc), and melting
process characterized by melting temperature (Tm) and melting enthalpy (ΔHm). Addition of
very low content of silica N999 (0.02%) had no influence on T g. However increase in silica
content (0.05; 0.2 and 2%) gradually increased the values of Tg for 2.9; 14.3 and 13.4 °C
compared to neat PLA, indicating the improvement in thermal stability of prepared
composites. Increase in Tg indicates limitations in chain mobility, and therefore more brittle
polymer. According to the DSC thermograms, it’s obvious that these particles are influencing
the cold crystallization process of PLA. Cold crystallization process starts at higher
temperatures, and degree of crystallinity decreases as silica content increases. This
behaviour indicates that addition of silica nanoparticle impacts the structural arrangement,
lowering crystal formation ability compared to neat PLA. Besides N999, micro particles type
T120 were incorporated into PLA films and their thermal stability was investigated. For
composites with addition of 0.02% T120 it’s visible that values of T g are increasing for 12.6
°C, indicating that the chain mobility is decreasing.
However, for all other loadings of T120 (0.05; 0.1; 0.5 and 2%) values of T g have just small
increase (up to 2 °C) suggesting no influence of particle addition on glass transition
temperature. Actually, this data are indicating that only lowest silica content distorts PLA
polymer structure.
It’s observed that cold crystallisation process starts on higher temperatures then PLA
(Tcc=101.7 °C) only for lowest (0.02%) silica content (Tcc=115.2 °C), and for all other contents
it’s on similar values as neat PLA. Loadings from 0.05-2% showed improvements in
crystallinity, indicating that particles are acting as nucleating sites for crystal formation. These
results are pointing out the variations (particle size and specific surface area) in properties by
addition of different particles to PLA polymer matrix.
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TGA was performed to estimate the thermal stability of the PLA/silica composites. The
results from the TGA thermograms are shown in Table 1. Thermal stability of PLA matrix has
been improved for addition of N999 silica nanoparticles (Table 1). T onset for neat PLA was
330.8 °C, and increases as silica N999 content increases (0.02; 0.05;0.2 and 2%) indicating
improvements in thermal stability of hybrid material from 1.7 to 11.5 °C. In the same table
TGA results for PLA/silica (type sidistar T120) composites are presented. In this case for
0.02% and 0.05% loadings Tonset is decreasing for more than 20 °C, and with further silica
addition (0.1; 0.5 and 2%) increases for approximately 8°C compared to neat PLA.

Figure 2. DSC curves of pure PLA film and PLA film with (0.02-2 wt. %) of silica sidistar T120

Table 1. Tonset values for neat PLA and composites with different silica loadings.

Material

Tonset

PLA

330.8

PLA+0.02% T120
PLA+0.05% T120
PLA+0.1% T120

309
306
341

PLA+0.5% T120
PLA+2% T120

341
336

PLA+0.02% N999

331

PLA+0.05 N999

339

PLA+0.02% N999

339

PLA+2% N999

339

Low addition of Sidistar T120 has negative influence on thermal stability of PLA, however
further addition of these particles are improving thermal stability of material. From all results
149

III International Congress “Food Technology, Quality and Safety”

presented, it can be concluded that the content of nanoparticles N999 can be correlated to
the changes in thermal and physical properties of neat PLA, while sidistar T120 has different
impact when added in very small amount compared to higher content addition. This
behaviour can be related to the particle nature and their distribution and dispersion in PLA
polymer matrix.

CONCLUSIONS
Thermal stability and crystallization behavior of composites with two different (nano silica
N999 and micro silica sidistar T120) fillers were investigated. Silica N999 was affecting
composite crystalinity and lowering cold crystallization peaks, while according to TGA results
thermal stability was improved. For silica sidistar T120 for silica content of 0,02% crystalinity
as well as thermal stability were decreasing, however increase in silica content led to
increase in crystalinity and values of Tonset. These results are pointing out the variations
(particle size and specific surface area) in properties by addition of different particles to PLA
polymer matrix, implying that the choice of specific particles can be a usefull tool for
designing material with desired properties.
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ABSTRACT
The aim of this study was to examine the possibility of extrusion-cooking technique applying in the
production of biodegradable foamed materials based on starch. Investigations involved utility aspects
(characteristics of the product and its biodegradable nature) and economic character (final cost).
Native potato, wheat and corn starch, as well as a chemically modified corn starch were used as main
components, which were mixed with different functional ingredients: glycerin, plastronfoam PDE,
polyvinyl alcohol, guar gum, xanthan gum, gelatin, baking soda, albumin, carrageenan, monogliceride
E471 and technical talc. Pharmaceutical glycerin - the plasticizer was added in amount from 5 to 25%,
other additives were used in amount from 0.5 to 3%.
The extrusion-cooking process was carried out using a single screw extrusion-cooker TS-45 (Polish
design) with L/D=12. During the production the temperature was recorded in all working sections and
for the product (different mixture humidity on the quality of product was observed. The extruder motor
load and efficiency of the process were noted, too. Based on received data the optimum process
conditions, materials and additives were selected.
On the basis of received values of efficiency and energy consumption it was selected final use only
two functional additives: plastronfoam PDE and polyvinyl alcohol. Potato starch was selected as the
cheapest ingredient to produce biodegradable foamed packaging materials. The best results were
obtained when blends with 17-19% of moisture content were processed at temperature ranged from
-1
80 up to 100°C at variable screw rotations (1,66 - 2,16 s ), using two types of forming dies: a die with
annular shape and circular open with diameter φ = 3 mm.
Obtained starch based foams were characterized by complete biodegradability and poor resistance to
water. Depending on the processing conditions the foams had different physical properties - elasticity
(values of Young's modulus from 112 up to 965 MPa) and maximum compressing force (from 26.9 to
482 N).
Keywords: extrusion-cooking, potato starch, foams, packaging

INTRODUCTION
Increasing production and consumption cause many huge potential risks like the increasing
pollution of the environment (Chaudhary et al., 2008, Cinelli et al., 2006, Combrzyński, 2015,
Doi and Fukuda, 1994, Mościcki, 2008, Plastice, 2014). The amount of used packaging
materials causes many social, economic and global problems today. The high level of
packaging wastes based on synthetic materials is dangerous for the environment and world’s
economies. These kinds of materials are durable and difficult to recycle. The problem is
enormous. In Europe, in 2014, 59 million tons of conventional plastic materials were
produced. It represents 21% of the global production. The main and the largest producer is
China (23% of the global production). The packaging industry is the main user of the plastic
materials (Figure 1). Foamed packaging materials are commonly available (Jakowski, 2006,
Mitrus, 2014, Peisheng and Guo-Feng, 2014, Zhou et al., 2006). Their role is to protect the
product against mechanical damage. Foams are usually made from traditional plastic
materials like polypropylene and polystyrene, so their waste is dangerous for the
environment.
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Figure 1. Main users of plastic materials (Plastice 2014)

An alternative to plastic products are biodegradable materials. They have an important role in
packaging waste management. Biodegradable materials are also a chance to partly replace
plastic materials (Bhatnagar and Hanna, 1996, Zhang and Sun, 2007, Żakowska and
Ganczewski, 2013). Now the main challenge for many scientists is to develop a new kind of
biological materials which could be decomposed in a short time. All the scientific effort is
focused on obtaining a cheap, easy to apply and completely biodegradable product. The
figures presented on Figure 2 show an increasing production of biodegradable materials.

Figure 2. Production of biodegradable materials in 2011 and 2016 (Plastice 2014)

Nowadays there are many aspects in the literature about usability of starch in the production
of biodegradable packaging materials (Atala et al., 1997, Bae and Lim, 1998, Doi and
Fukuda, 1994, Gáspár et al., 2005, Mościcki, 2008, Mościcki et al., 2007, Patel et al., 2005,
Zhang et al., 2007). As a natural material, starch has been used in the packaging industry
from the 1970’s. Unfortunately, all available solutions don’t allow obtaining fully functional
materials only based on starch. It is added as filler and after conversion to CO 2 and water
material disintegrates into smaller pieces.
The extrusion-cooking technique is the HTST process under high pressure and high
temperature (Altan et al., 2008, Colona et al., 1987, Guy, 2001, Lui and Peng, 2005, Mitrus
et al., 2010, Mościcki et al., 2007, Ruiz-Ruiz et al., 2008, Suknark et al., 1997, Wójtowicz et
al., 2013, Wu et al., 2010). This causes physical, chemical and quality changes in the
product. By choosing process conditions, specific properties of the processed materials could
be obtained. The extrusion-cooking process takes place in a device called extruder-cooker.
The extrusion-cooking technique has been known for many years and used in the food
industry. With extrusion-cooking, you can produce snacks, breakfast cereals, baby food,
animal feed and other new generation foodstuffs. The extrusion-cooking technique is also
used in the production of biodegradable materials.
The aim of this study was the examination of the application of the extrusion cooking
technique in the production of biodegradable foamed materials based on starch obtained
from local producers.
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MATERIAL AND METHODS
The preliminary research was made to find the optimal compositions and extrusion-cooking
process parameters (Combrzynski, 2015). The tests were carried out at different conditions
and processing parameters: temperatures, composition and humidity of raw materials
mixtures. Potato starch from 3 different producers was used as the main component. Starch
was mixed with different functional ingredients: glycerin, foaming agent PDE and polyvinyl
alcohol. These types of additives are used as foaming or emulsifying agents stabilizing the
structure of products. Pharmaceutical glycerin - the plasticizer was added in amount from 5
to 25%, other additives were used in amount from 0.5 to 3%.
The extrusion-cooking process was carried out using a single screw extruder-cooker TS-45,
(Polish design) with L/D=12 (Figure 3). Temperatures were recorded in the working sections
and for the final product during the whole process. Different thermal treatment was used for
each type of starch. The obtained foamed materials were stored for 24 hours in a laboratory
dryer at room temperature.

Figure 3. Single screw extruder-cooker TS-45 (production by ZMCH METALCHEM Sp. z o.o. Gliwice)

A Zwick device was used to made compression test of starch-based foams. During the test,
Young's modulus and maximum compressing force were determined. Foamed materials
were compressed between two flat plates. The samples were compressed to 50% of their
original height at a speed of 3 mm.s-1. Tests based of the methods available in the literature
with own modification (Filli et al., 2011, İbanoğlu et al., 2006, Mitrus and Mościcki, 2014).

RESULTS AND DISCUSSION
Based on received results, the optimal process conditions and ingredients were selected for
the main phase of tests. Preliminary tests have shown a destruction tendency of potato
starch extruded at over 100 °C. The gluing of the screw and the burning of products were
observed. The influence of the mixture humidity on the product quality was observed, too.
The best effects were noted for the range from 17 to 19%. Based on the received values, the
functional additives like PDE and polyvinyl alcohol allowed obtaining packaging material with
a good foaming structure (Figure 4).
The PDE agent was designed for foaming of thermoplastic elastomers and PVC, polyvinyl
alcohol is widely used in the production of biopolymers, including foamed packaging
materials.
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The mixtures with optimal humidity were processed at a temperature ranged from 80 up to
100 °C, at screw rotations from 1,66 up to 2,16 s-1. Two types of forming dies were used: first
a die with the annular shape and second a circular die with 3 mm in dimension.

Figure 4. Obtained starch-based foams

Foam materials should be characterized by low values of Young's modulus. The starchbased foams obtained by the extrusion-cooking process were characterized by different
elasticity (values of Young's modulus from 112 to 965 MPa - figure 5).

Figure 5. Obtained results of Young's modulus for: a) pure starch foams, b) foams with polyvinyl
alcohol addition, c) foams with PDE addition

For samples made from pure starch, Young's modulus values ranged from over 150 to over
900 MPa. It was observed that increased moisture content caused an increased value of the
tested characteristic. The highest values were noted for starch with the lowest amylose
content and for foams made with the circle die. The addition of polyvinyl alcohol reduced
Young's modulus. The obtained values were from over 120 to 700 MPa. With the increase of
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used additive, Young's modulus decreased. Young's modulus values were lower for samples
made by the annular shaped die.
The addition of a PDE foaming agent lowered Young's modulus. The reported values were in
the range of 112 to over 600 MPa. Lower values of Young's modulus were obtained for
samples with higher addition of PDE and produced by annular shaped die.
The same dependences were obtained for maximum compressing force (values from 26.9 to
482 N - figure 6). First of all, added functional additives had the main effect on reducing of
maximum compressing force.

Figure 6. Obtained results of maximum compressing force for: a) pure starch foams,
b) foams with polyvinyl alcohol addition, c) foams with PDE addition

CONCLUSIONS
The purpose of this work was to develop a low-cost technology production of environmental
friendly packaging materials, which are characterized by physical and functional properties
similar to traditional synthetic foams. During extrusion-cooking process materials from local
production were used, which was an extra advantage. In order to obtain the foam structure, a
small amount of additives were used, too. Depending on the processing conditions the foams
had different physical properties - elasticity (values of Young's modulus from 112 up to 965
MPa) and maximum compressing force (from 26.9 to 482 N).
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ABSTRACT
Conducting a consumer test with a total of 1,157 participants, 5 meat products of Serbian origin were
offered in 3 large food store chains in Belgrade (Delheize, DIS and Mercator-S). These meat products
were non-labeled and non-marked (raw sausages made of beef, pork and poultry). The participant
were asked to give which kind of meat is used (beef, pork, poultry and mixture), to rate the taste
(satisfactory, average, non-satisfactory), to salt content (well-balanced, not salty enough, too salty),
and smoke (well-balanced, too weak, too strong). Consumers were queried for sex, age (18 to 65, 4
steps), education (primary and lower secondary school, secondary school, grammar school, college)
and number of family members (1 to 4 and more).
The results showed the following: 73 % of consumers (both sex) identified beef correctly which was
27% for poultry. Concerning taste, broiler salami was rated the best (77%, both sexes). For most of the
meat products salt content was considered well-balanced. There were no gender-related differences
for the perception of smoke intensity, which was considered well-balanced (91%)
Between 2009 and 2016 the same manufacturer from Serbia submitted 165 meat products for
evaluation during the International quality testing of the German Agricultural Society (DLG) for raw
sausage and raw cured products and to BAFF, Kulmbach. These were also products manufactured
according to the same recipe and using the same technology as the products mentioned above. DLG
awards were as follows: 57% gold, 31% silver, 12% bronze. Main deficiencies were “salty” and “smoke
too strong”.
There are good marketing opportunities for all of these traditionally manufactured meat products even
for the EU-market, whereupon German consumers are more sensitive to salt content and smoke
aroma than consumers in Serbia.
Keywords: consumer perception, sensory properties, traditional smoked meat products

INTRODUCTION
There is a growing interest of modern consumers in consumption of meat and meat products
with good sensory properties with no undesirable effects on their health (Andersen et al.,
2005). Consumer perception of quality and the meat industry is in direct relationship. Meat
industry should satisfy consumer needs which is complex and involves many different
components (Troy and Kerry, 2010). Science and innovation play an important role between
the industry and consumer concerns and expectations (Grunert et al., 2004).
Concerning the purchase of meat, taste is the most important criterion for consumers,
followed by external characteristics and texture (Ostojic et al., 2005). German consumers
care about food safety and meat quality. 75% of them trust in foods exhibiting a DLG award.
Since many years the share of foreign meat products in DLG tests is increasing (10-15%).
Per capita meat consumption in Germany in 2014 is depicted in Figure 1 (DFV, 2016), where
10 kg were for raw sausage and ham. The aim of this paper was to present and compare
results of sensory evaluation of different meat products of German DLG assessors and
Serbian consumers.
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Figure 1. Per-capita consumption (Germany 2014)

MATERIAL AND METHODS
The German Agricultural Society (Deutsche Landwirtschaftsgesellschaft, DLG) fosters the
product quality of foods. Sensory evaluation of the products was done according to the DLG5-points-scheme. DLG quality testing is conducted annually by the Certification Unit of DLG
(2014) e.V. which is accredited in accordance with DIN EN ISO/IEC 17065 (2015) for
certifying foods and in accordance with DIN EN ISO/IEC 17024 (2015) for certifying sensory
assessors.
The origin and market name of the products were unknown to the testers. The samples were
evaluated on: arrangement and state (weighting factor / wf 1), appearance, colour, colour
consistency and composition (wf 3), texture (wf 2), odour (wf 1) and taste (wf 3). In the test
attributes or defects are allocated to each test feature. These are assessed in accordance
with the product-specific 5-point schedule (5=very good, 0=inadequate). Each test feature
result is multiplied with its weighting factor. The highest weighting factor corresponds with the
characteristic “taste”, which is the most important criterion for consumers (DLG certification
Unit, 2015). The scores are as follows: 5.00 points – DLG Award in Gold; 4.60 – 4.99 points
– DLG Award in Silver; 4.10 – 4.59 points - DLG Award in Bronze.
In January 2016 a consumer test was conducted in 3 large retail stores - Delheize, DIS and
Mercator S in Belgrade. A total of 1,157 participants were offered 5 different meat products of
Serbian origin (sliceable raw sausage with pork, beef, poultry as well as a mixture). The
survey was conducted during the period from 10 a.m. to 4 p.m. in one day. Concerning the
participants, the following demographic parameters were considered: sex, age (18-29, 30-39,
40-49, 50-65 years), education (primary and lower secondary school, secondary school,
grammar school, college) and number of family members (1, 2, 3, 4 and more). Three point
scales was used. Also, consumers were asked to recognize which kind of meat had been
used in products. Questions for consumers were: which type of meat has been processed
(pork, beef, poultry, mixture), taste (good, satisfactory, non-satisfactory), salt content
(balanced, not salty enough, too salty) and smoke flavour (balanced, not strong enough, too
strong). Statistical analysis was done applying ANOVA analysis (www.vassarstats.net).

RESULTS AND DISCUSSION
Sensory evaluation by DLG-5-points-scheme
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Sensory evaluation of raw sausage and raw cured products, according to DLG quality test,
revealed deficiencies as follows: salty (3%), sinew component too high (6.1%), sour (7.3%),
smoke flavour too high (8.5%) (Figure 2). Like in previous years, the main deficiency at the
DLG-quality testing (n=1580 samples) was the intensity of the brine (7.5%) (Figure 3)
(Stiebing et al., 2015). Due to slow ripening, products of Italian origin are softer and less
sour, which also applies for products from Switzerland. Raw ham from Slovenia is strongly
cured, whereas for raw ham from Switzerland an increased dry edge formation as well as
white bacon is sticking out. Another dominant deficiency was ‘sinew component too high‘
(8%), which was lower for raw sausage of Serbian origin. In contrast, the percentage for
‘sour‘ was lower for international products (3.6%) compared to products of Serbian origin.
Data are similar for ‘smoke flavour too high‘ (6.2% : 8.5%). For cooked sausages, 2682
products from Serbia and abroad were subjected to a critical evaluation by experts, which
revealed that standards remained on a solid high level (Dederer, 2016).

Most common deficiencies
arrangement inadequate

3

sinew component too high

6,1

barely spiced seasoning

1,2

fatty

2,4

salty

3

smoke flavour too strong

8,5

sour

7,3
0

2

4

6

8

10

Figure 2. Most common deficiencies for raw cured pieces of Serbian origin (DLG, [%])
Fermented sausage

Figure 3. The most common deficiencies of international products (Stiebing et al., 2015)

159

III International Congress “Food Technology, Quality and Safety”

With regard to the error profile of cooked sausages, most of the objections were for
appearance, colour and defective meat selection. For texture, ‘too soft‘, ‘too firm‘, and ‘like
gum‘ were named. Concerning taste barely spiced and non-balanced seasonings were the
main deficiencies. 56.5% of the cooked sausages met the strict standards completely and
were awarded in Gold (30.4% Silver, 10.01% Bronze), only 3% failed.
Sensory evaluation by consumers from Serbia
Concerning the question of meat type, 73% of the persons of both sex answered correctly for
beef salami, followed by pork salami (57%). 38% (chicken cajna sausage) and 36%
(homemade salami ), respectively, discovered a mixture, which was 27% for poultry (chicken
salami).
With respect to taste, broiler salami was rated best (77%, both sexes, Figure 4), as salt
content was considered well-balanced (82% male, 78% female). Also smoke flavour was
described well-balanced (90% female, 87% male).
Homemade salami was rated good in taste as 66% (both sexes). 85% of both sexes
considered salt content being well-balanced (Figure 5), which also applies for smoke
intensity (88% female, 91% male). 70% (both sexes) estimated the taste of beef salami being
good, salt content was acknowledged being well-balanced (83% male, 85% female) as well
as smoke flavouring (85% male, 89% female, Figure 6).

Figure 4. Sensory evaluation of chicken salami in the consumer test – female (n=521, [%])

Significant statistical differences were established between consumers’ sensory evaluation
concerning taste, salt content and smoke flavour of different meat products (chicken salami,
homemade salami and beef salami), (figure 4-6). Analysis of variance was shown that
achieved F-value is 45.87 (p 0.001).
Evaluation of the taste of pork salami (57.5% pork, 19.2% beef) was good (47% male, 50%
female), salt content was considered well-balanced (72%, both sexes) as well as smoke
flavouring (82 and 83%, resp.).
The taste of chicken cajna sausage (69.1% thigh meat, 9.7% pork) was characterized being
good. Test persons mentioned a well-balanced salt content (75 and 76%, resp.) as well as a
well-balanced smoke flavouring (82% male, 64% female).
In terms of stage of life, most of the probands were 40-49 (34.5%) and 50-65 (34.4%) years
old, which corresponds to the age pattern in Serbia, 55% of them being male (45% female).
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Most of them (65%) had passed a secondary school (28% grammar school, college). Overall,
it can be stated that the average test person is male, aged 40-49, passed a secondary
school education, lives in a family of four and mostly does his daily shopping in DIS.

Figure 5. Sensory evaluation of homemade salami in the consumer test – male (n=636, [%])

Figure 6: Sensory evaluation of beef salami in the consumer test - female (n=521, [%])

CONCLUSIONS
It can be summarized that consumers in Serbia rated the best for the taste of chicken salami
and beef salami. A well-balanced salt content was determined for homemade salami, beef
salami and chicken salami. With respect to smoke flavour, all meat products of Serbian origin
were evaluated as well-balanced (91%). Statistical analysis of the data was shown significant
differences between consumers’ sensory evaluation concerning taste, salt content and
smoke flavour of different meat products (F value = 45.87).
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ABSTRACT
The aim of this study was to investigate the texture profile and consumer acceptance of grilled goat
cheeses. Cheese samples were produced in the form of “fingers”, with a brine ripening period of 20
days (F20) and 40 days (F40) and also as “blocks” with 20 and 40 days of ripening in brine (B20 and
th
B40). After the ripening all cheese samples were vacuum packed and analysed at 50 day, from the
day of production.
Texture profile analysis (TPA) was carried out by TA.XT Plus Texture Analyzer, evaluating the
hardness, adhesiveness, cohesiveness, springiness, gumminess and chewiness of cheese samples
before and after grilling. ANOVA was conducted for the data analysis. The sensory perception of
grilled cheeses was evaluated by 30 assessors using 9 point “Just about right” and Hedonic scales.
Mean drop analysis was applied in order to identify potential directions for product improvements.
TPA showed that grilling has caused significant increase in hardness and gumminess of cheese
samples. It decreased adhesiveness, cohesiveness and springiness, while chewiness was not
affected significantly. Cheeses with longer period of ripening showed lower values for adhesiveness,
but higher values for chewiness, cohesiveness and springiness before grilling. Higher values for
chewiness and springiness, and lower values for adhesiveness were obtained for the “finger” form of
cheese samples before grilling. The effect of both ripening and cheese form was diminished after
grilling.
Consumers did not distinguish cheese samples on the basis of odour, flavour, texture and overall
acceptance. According to the just-about-right scores, the troublesome attributes were the intensity of
flavour and hardness (too weak, too hard), but they mostly did not affect the overall acceptance of
cheeses. Grilled goat cheeses appeared to be acceptable for consumers and could be considered as
a new product for the cheese market.
Keywords: grilled cheese, goat cheese, sensory analysis, mean drop analysis, TPA

INTRODUCTION
For the last five years, caprine milk production and processing increased notably in Serbia.
This was followed by the fact that goat cheeses became very popular food for connoisseurs,
and therefore took their place in the most of the restaurant menus lately. This implies the
need for the dairy technologists to contribute to the demand of this niche market of dairy
products, by offering some new types of goat cheeses.
Cheeses that could be grilled we found as an interesting option, especially for the
restaurants. The world’s famous cheese for grilling is Halloumi. It is the traditional cheese of
Cyprus, produced mostly from ovine milk or a mixture of ovine and caprine milk. More
recently, this product has gained international acceptance and recognition by PDO sign.
Consequently, bovine Halloumi was also being produced lately (Papademas and Robinson,
2000).
Sensory properties are very important aspect of cheese quality, especially from the
consumer’s perspective. Milci et al. (2005) did comparison between of Halloumi cheeses
from different milk types (ovine, bovine and caprine) and found that caprine milk cheese got
the highest scores in the sensory evaluation.
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The aim of this study was to investigate texture profile and consumer acceptance of Halloumi
type goat milk cheese on Serbian market.
The distinctive feature of the Halloumi production is that blocks of pressed curd (~250 g) are
heated in whey (90 °C) for 30 min prior to cooling, dry salting and ripening in brine
(Papademas and Robinson, 2000). We believe that cooking the curd in the different form, for
example in the form of “fingers” instead of blocks, could result in a different textural and
sensory characteristics. This form we find interesting for grilling, because it resembles the
traditional Serbian grilled meat dish called Cevapcici (Jacobs and Scholliers, 2003). Hence,
first aim of this study was to compare textural and sensory properties of cheeses produced in
different shapes - as fingers and block.
Also, we would like to investigate the ripening period that is necessary for the best consumer
acceptance of cheeses. According to Papademas and Robinson (2000), the sensory
properties of mature Halloumi (40 days) are much appreciated by connoisseurs than those of
the fresh cheese. However, in the study reported by Kaminarides et al. (2007), the sensory
score of the same cheese type decreased along with the maturation, and the flavor of mature
cheese was found to be excessively salty or acidic. Therefore, the second aim of our study
was to investigate is there a difference in terms of texture and consumer preference between
cheeses that were ripened for 40 days, and the ones with the ripening period shortened to 20
days.

MATERIAL AND METHODS
Cheese production and grilling
Cheeses were produced from raw, non-standardized milk of Alpen goats, according to the
modified procedure of Moatsou et al., (2004). Milk was heated to 31 °C and calf rennet
Caglificio Clerici (Clerici-Sacco Group, Cadorago, Italy) was added. After 40 min, the curd
was cut into 5 cm cubes and left to rest for 15 min. It was carefully moved to the rectangular
mold equipped with cheesecloth that was slowly agitated during 10 min of draining and then
the curd was pressed (4kg/kg of cheese) for 50 min. Whey, collected mostly during the
draining phase, was heated up to 90-95 °C. Coagulated whey proteins were removed from
the surface. The entire batch of the deproteinized whey was divided in two lots.
After pressing, the half of the curd was cut into the “finger” form (2 x 2 x 8 cm) and half of the
curd into the form of “block” (2 x 8 x 8 cm). In two separate vats, different forms were cooked
in the whey (90-95°C). After 30 min of cooking, cheese was removed from the whey without
kneading, both fingers and blocks were dry salted (3%) and left at room temperature
overnight. Finally, fingers and blocks were packed in the plastic containers and filled with the
filtered whey brine (3% of NaCl). Half of the “finger” samples (F) and also half of the “block”
samples (B) were held in brine for 20 days (F20 and B20) at 13-15 °C, while the other half
was ripened in the same conditions for 40 days (F40 and B40). After the ripening, samples
were vacuum-packed and stored in the refrigerator until the 50th day from the day of
production, when the analysis of texture and consumer acceptance was held.
Prior to grilling cheeses were unpacked and left to equilibrate to room temperature. Grilling
was done in the Teflon vessel at high heating temperature for 5 minutes on two sides. The
shape of the grilled cheese depended on the analysis and will be described later.
Texture profile analysis
Textural parameters accessed from the Texture Profile Analysis (TPA) test were: hardness,
adhesiveness, cohesiveness, springiness, gumminess and chewiness. They have been
measured by the TA.XT Plus Texture Analyzer (Stable Micro System, Godalming, Surrey,
UK) equipped with the loading cell of 5 kg and P/25 cylinder probe with 25 mm in diameter.
Prior to testing, cheeses were equilibrated to room temperature and then sampled by cutting
equal-sized cylinders with the height of 15 mm and 15 mm in diameter, using a sharp
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cylindrical cutter. Six samples of each cheese (F20, F40, B20 and B40) were tested before
grilling and another six samples after grilling.
The testing conditions were used according to the method reported by Romeih et al. (2002):
samples were compressed axially in two consecutive cycles with 33.3% deformation (5 mm)
from the initial sample’s height at 120 mm/min rate of force application.
Sensory testing
Sensory testing was done just for grilled cheeses, because it is the most common way that
this cheese is consumed. The dimensions of grilled pieces for both cheese forms (finger and
block) were 2 x 2 x 1 cm. The sensory perception of grilled cheeses was evaluated by 30
assessors in the Laboratory for sensory analysis, University of Belgrade, Faculty of
Agriculture. Four samples (B20, B40, F20 and F40) were served to assessors in random
order, labeled by three-digit numbers. Testing consisted of two parts. Firstly, consumers had
to quantify the acceptability (flavor/odor, texture and overall acceptance) of four cheese
samples using 9 point Hedonic scale. Secondly, on 9 point “Just about right” scale (“JAR”
scale) they had been asked to measure their reaction to a specific attributes such as: flavor
intensity, hardness, oiliness, saltiness and sourness. The middle of the “JAR” scale referred
to the optimal reaction, the left part to the less pronounced attribute and the right part more
pronounced than it would be optimal for each consumer. That way consumers could note the
deficiencies such as: too weak-too strong, too soft-too hard, too dry-too oily, not salty
enough-too salty, not sour enough-too sour.
Statistical analysis
Two way ANOVA was conducted for the analysis of data from TPA test, with the level of
significance =0.05. Cheese form, and the ripening time were considered as factors.
By combining data obtained from Hedonic and “JAR” scales, mean drop analysis (Penalty
analysis) was applied in order to identify potential directions for product improvements, as
described in detail by Schraidt, (2009). The cutoff point was set at 20% of the total consumer
panel. Also, the data obtained from hedonic scale was analyzed using one way ANOVA with
samples regarded as fixed factor, and the level of significance =0.05. For all the analysis,
statistical software SPSS 17.0 was used.

RESULTS AND DISCUSSION
Texture profile analysis
The results of TPA (Figure 1) showed that grilling had caused significant increase in
hardness and gumminess of goat cheese samples. However, it decreased adhesiveness,
cohesiveness and springiness, while chewiness was not affected significantly. We assume
that all the mentioned changes were caused by the water loss that occurred during grilling.
Furthermore, cheeses with longer ripening period showed significantly lower values for
adhesiveness, but higher values for chewiness, cohesiveness and springiness, before
grilling. The acidity of Halloumi cheese is usually high in the first stages of ripening (~pH 6),
while later on, the pH decreases up to 4.6. (Papademas and Robinson, 2000). It is known
that along with the acidification of cheese curd, proteins tend to rearrange, and during this
process, below the pH 5.0 the certain amount of water is being expelled from the curd.
Consequently, higher values of the mentioned TPA parameters occur. These findings are not
in agreement with the results of (Romeih et al., 2002), who observed continuous decrease in
all TPA parameters during storage of white brined bovine cheese. The authors explained
their results by the on-going proteolysis, which was probably very limited in the case of goat
Halloumi-type cheese, bearing in mind that heat treatment of curd surely inactivated the most
of proteolytic agents.
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As it was expected, the form in which the curd was cooked in a way affected texture
attributes of cheese such as chewiness, springiness and adhesiveness, before grilling. The
values for chewiness and springiness were significantly higher while adhesiveness was lower
in case of the finger form, probably because larger area was exposed to the hot whey during
cooking, which resulted in more elastic and rubbery cheese.
The effects of both ripening period and cheese form were diminished after grilling.

Figure 1. The TPA test results of ungrilled (□) and grilled (■) goat cheese cooked and ripened in a
form of blocks for 20 (B20) and 40 days (B40), and in a form of fingers ripened for 20 (F20) and 40
days (F40)

Sensory analysis
According to ANOVA, consumers did not distinguish the acceptance of cheese samples on
the basis of odour and flavour, texture and overall acceptance. For all categories the mean
scores were around 7 or somewhat above it, which is in between “like moderately” and “like
very much” (Lawless and Heymann, 2010). This result indicated that in general, they are well
accepted by consumers, but still there might be some suggestions for the products to be
improved. The results of mean drop analysis (Figure 2) give us the direction in which the
product could be modified.
It could be seen from the Figure 2 that the intensity of flavour of sample B20 was judged as
“too weak” by the significant number of consumers (20%). This group of consumers reduced
the overall acceptance score of this cheese sample significantly, indicating that the flavour
intensity needs to be improved. However, sample B40 was not judged as too weak in flavour,
meaning that just by the longer period of ripening this deficiency could be overcome.
There was a small (<20%) but strongly unsatisfied group who judged the F20 sample as “too
hard”, and also the significant number of consumers (≥20%) who consider that F40 and B40
samples had the same deficiency, though with the insignificant penalties. If we look back on
the results of TPA analysis, we can see that the consumers were able to perceive that
hardness and gumminess of B20 were the lowest among samples. Therefore, by the parallel
instrumental analysis of cheese texture and consumer acceptance, the product development
team can get the exact information which value of hardness and gumminess consumers
perceive as “too hard” and which value they do not.
The very small group (<10%) thought that F20 was “too sour”, but we find the number of
consumers insignificantly low for the action to be taken.
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It was interesting to notice that ~10% of consumers found each sample “not salty enough”.
Regardless the fact that they did not reduce the overall acceptance score, we found this
information very useful, because it means that we could use brine with the higher level of salt
than we did (3%), and therefore with higher preserving abilities.

Figure 2. The results of Mean Drop Analysis of grilled goat cheese, cooked and ripened in a form of
blocks for 20 (B20) and 40 days (B40), and in a form of finger, ripened for 20 (F20) and 40 days (F40)

CONCLUSIONS
Grilled goat cheeses appeared to be acceptable for consumers and could be considered as a
new product for the cheese market, both in the form of fingers and blocks. According to
consumers, longer ripening period resulted in better acceptance of both forms of cheese,
especially when textural attributes are considered. Ripening time longer than 40 days,
possibly with the somewhat higher level of salt in brine could be the direction of further
research.
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ABSTRACT
Grape (Vitis vinifera) pomace, the by-product of winemaking, it is a great source of phenolic
compounds and dietary fiber, available on a large-scale. In our study different portions of dried and
milled grape pomace were added to wheat bread to improve the nutritional value. Grapes variety
Merlot from local wine producer was used in ratio 6%, 10% and 15% of grape pomace to wheat flour.
Technological and sensory properties were evaluated and compared to the control sample. Firmness,
color and volume of the bread were determined. Sensory evaluation was performed by the trained
panel. The addition of grape pomace had a significant impact on the sensory and technological
properties of the bread. This impact was dependent on the amount of addition. The addition of grape
pomace flour (GPF) affects the volume and firmness of the bread. Bread colour become darker, the
texture stickier and less springy. Intensity of odor and taste has increased. By increasing the GPF
addition also increased the intensity of aftertaste, off-taste and sand feeling in mouth. The study
implies that, to a certain degree, grape pomace addition can be a possibility in developing of functional
bakery product.
Keywords: grape pomace, bread, sensory properties, technological properties

INTRODUCTION
Bakery products are widely consumed as staple food all over the world. Because of their low
cost and their important place in the diet, bakery products are foods that can be
supplemented with components of high nutritional value. In developing functional bakery
products such as bread, it is important to develop a product with good technological and
sensory properties in terms of appearance, taste and texture. These characteristics indicate
that grape pomace might be useful to enhance human nutrition and health.
There is permanent need to optimize the breadmaking technology from various points of
view, socioeconomics, market demands, consumer preferences and technology, including
production and quality of raw materials. (Hathorn et al., 2008). Epidemiological studies
strongly suggest that diet plays a significant role in the prevention of many chronic diseases.
That is the main reason why technologists and researchers are involved in optimizing bread
making technology to improve the quality, taste, functionality and bioavailability of food
products such as bakery goods (Gawlik-Dziki et al., 2013). Food and agricultural product
processing industries generate substantial quantities of phenolic-rich by-products, which
could be valuable natural source of antioxidants. Phytochemicals, including phenolic
compounds, are suggested to be the major bioactive compounds contributing to the health
benefits of fruits, vegetables and grains (Balestra et al., 2011; Gawlik-Dziki et al., 2013; Hoye
and Ross, 2011; Mildner-Szkudlarz el al., 2011; Peng et al., 2010).
Grape processing generates waste such as grape pomace, seeds and skins. Grape byproducts contain significant amount of phenolic compounds. They are good sources of
flavanols, flavonols, anthocyanins, phenolic acids and dietary fibers (Katalinić et al., 2010;
Mildner-Szkudlarz el al., 2011; Tseng and Zhao, 2013).
In developing functional bakery products, it is important to develop physiological
effectiveness and consumer’s acceptance product in terms of appearance, taste and texture.
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Increasing the functionality can change the sensory quality of the product. Bitter, acid,
astringent or salty off-flavours often inherently result from enhancing food functionality with
bioactive compounds or plant-based phytonutrients (Siró et al., 2008). Consumers in general
are hardly willing to compromise on the taste of functional foods for health (Verbeke, 2006).
Due to the growing demand for healthy food, the attempt of enriching bread with grape
pomace is therefore, well targeted. However, health benefit is not a sufficient reason for the
purchase of food, it is necessary to pay great attention to the sensory properties of the
product. Therefore, the aim of our study was to verify how a grape pomace flour addition
affects the sensory properties of bread.

MATERIAL AND METHODS
Grape pomace flour (GPF)
Grape pomace of Merlot cultivar provided by a local producer was frozen and stored at -20°
C until use. Wheat flour (9.9% protein, 13.08% moisture, 0.49% ash) used in all the
experiments was provided by Mlinotest (Mlinotest, Slovenia), yeast (Kvasac, Croatia), salt
(Salinen, Austria) and enzymatic improver (Oxigen, Lesaffre, France). Before bread making,
grape pomaces, consisting of skins and seeds, were dried in a convection oven (Dibas,
Wiesheu, Germany), 3 hours at 80 °C, milled with an AR100 grinder (Moulinex, France) and
passed through a 250 μm sieve.
Bread preparation
The flour was replaced with GPF at 0%, 6%, 10% and 15% levels on flour basis. Besides
this, 2% of yeast, 2% of salt, 1% of enzymatic improver and 65% of water (on flour basis)
ware used for dough preparation. White wheat bread formulated without GPF was used as
control. All ingredients were mixed in a spiral mixer (IP10F, Fimar, Italy) at low speed for 4
min, followed by 6 min of mixing at high speed. Once mixed, the dough was rested for 15 min
at 22 °C. The dough was then moulded manually and placed into baking pans. After
fermentation (at 30 °C and a relative humidity of 85% for 60 min), the loaves were baked at
200 °C for 10 min and at 180 °C for 11 min (Dibas, Wiesheu, Germany).
Bread volume and specific volume
The breads were weighed after cooling and their volume (mL) was determined by seed
displacement method. The specific volume (mL/g) was calculated as loaf volume/bread
weight.
Bread firmness
Bread firmness was measured using Texture Analyzer TA-TXPlus (Stable Micro Systems,
UK) equipped with an aluminum 35 mm diameter cylindrical probe in accordance with AACC
method 74-09 (Bourne, 1995). Two slices, each thickness of 12,5 cm, were compressed to
40% of their original height at a crosshead speed of 10 mm/s. The resulting peak force of
compression was reported as bread firmness.
Measurement of colour changes
A colour change of bread slices with or without the addition of GPF was measured with a
colorimeter (Minolta CR 200, Konica Minolta, Osaka, Japan). Data were expressed as L*, a*
and b* values, where L* indicates whiteness (value 100) or blackness (value 0), a* indicates
red (positive value) or green (negative value), and b* indicates yellow (positive value) or blue
(negative value). The colorimeter was calibrated using a white standard (L=92,8, a=0,3136,
b=0,3196).
Sensory profiling
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A trained sensory panel was used for evaluation of the bread samples. The panel consisted
of 8 trained assessors (5 females/3 males, aged between 28 and 54 years). All assessors
had experience in descriptive analysis of bread. The initial panel discussion and training
session was compressed to a total of two 3 h sessions. A sensory profile including attributes
related to texture, aroma, flavor/taste and mouthfeel was carried out according to ISO
13299:2003 in the sensory laboratory of Mlinotest Food Industry. In the first phase of the test,
the panel developed 25 descriptors (Table 1) for the sensory attributes of control bread and
bread with GPF addition. The panelists created a 10-point unstructured line scale with
descriptor labels at either ends. The control bread was chosen as a reference sample, in
order to achieve reduced variation among the panellists. The panel defined the intensity
value of the reference sample in respect of every sensory attribute. In the second phase
bread with GPF were evaluated in comparison to control bread. Assessors rated the samples
(one whole loaf of bread and 2 slices/person) individually, on the basis of the questionnaires,
using a balanced test design, in which serving order was randomized for each assessor.
Scale responses were converted to numeric values ranging from 0 to 10 (Bagdi et al., 2016).
Table 1. Attributes and descriptive terms of sensory profile analysis.
Attribute
Weak end point
Appearance
Homogeneity of the crust colour
Inhomogeneous
Homogeneity of the crust surface
Inhomogeneous
Crust color
Bright brown
Bread slice properties
Crust thickness
Thin
Homogeneity of crumb pores
Inhomogeneous
Size of crumb pores
Small
Crumb color
White
Odour
Crumb odour intensity
Weak
Sour odour of the crumb
Weak
Sweet odour of the crumb
Weak
Texture
Crumb cohesiveness
Very cohesive
Springiness of the crumb
Springless
Toughness of the crust
Weak
Hardness with biting
Smooth
Crumbliness
Weak
Adhesivity of the crumb
Not sticky
Sand feeling
Smooth
Taste
Crumb flavour intensity
Weak
Sweet taste of the crumb
Weak
Sour taste of the crumb
Weak
Salty taste of the crumb
Weak
Bitter taste of the crumb
Weak
Yeast flavour of the crumb
Weak
Aftertaste
Weak
Off-taste
Weak

Intense end point
Homogeneous
Homogeneous
Dark brown
Thick
Homogeneous
Big
Brown
Intense
Intense
Intense
Less cohesive
Springy
Intense
Hard
Intense
Sticky
Sandy
Intense
Intense
Intense
Intense
Intense
Intense
Intense
Intense

Statistical analysis
Statistical analyses of texture analysis, volume and colour measurement were carried out
using one-way analysis of variance (ANOVA). Pairwise comparison was done with Tukey
HSD and Games-Howell post hoc test. Results of these analyzes are given as means ± the
standard deviation. For sensory parameters the median values were calculated. The possible
differences between various breads, in respect to sensory parameters, were analyzed using
Friedman test, followed by Wilcoxon signed rank test. Differences with p<0.05 were
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considered to be statistically significant. Statistical analyses were conducted using SPSS
22.0 software (SPSS Inc., Chicago, IL, USA).
RESULTS AND DISCUSSION
Bread volume, specific volume, firmness and colour
Volume, specific volume and firmness results are shown in Table 2. There is a statistical
difference between the volumes and specific volumes of the control bread and bread with
GPF addition in all concentration. Previous studies have shown that all gluten-free additives
diluted present gluten proteins, thereby causing a smaller volume of bread (Ho et al., 2013;
Hoye and Ross, 2011; Jensen et al., 2015). The results of our study coincide with this
finding.
Firmness is commonly used as an indicator of bread quality. Previous studies have shown
that the firmness of bread increased with increased grape seed flour replacement (Hoye and
Ross, 2011). When compared with the control bread, the addition of 6% and 10% GPF had
significant impact on the crumb firmness. There was no significant difference in firmness
between 10% and 15% GPF addition.
Table 2. Volume, specific volume and textural analysis of bread with different grape pomace addition.
Values are means of three determinations ± SD. Different letters indicate statistically significant
difference between control bread and bread with different GPF addition (p<0.05).
Specific
volume
Type of bread
Volume (mL)
Firmness (N)
(mL/g)
a
a
a
Control bread
1187.5 ±35.94
3.06 ±0.09
1067.23 ±66.14
b,d
b
b
6%
1070 ±28.28
2.73 ±0.07
1219.37 ±203.03
c
c
c
Bread with GPF
10%
995 ±37.86
2.51 ±0.09
1716.38 ±396.49
c,d
c
c
15%
1015 ±10
2.55 ±0.03
1683.89 ±96.17

The results of crumb color measurements are shown in Figure 1. The color of the control
bread was compared to bread with GPF addition. For bread with greater GPF addition, L*
values decreased and a* values increased, indicating that with increased GPF replacement,
brightness decreased with the bread becoming a more intense red color. The addition of
GPF also caused a decreased b* value, an indication of more blue color. These changes
were similar to those that were reported in earlier studies dealing grape seed flour
enrichment of bread (Hoye and Ross, 2011).

Figure 1. The results of measuring the color of the crumb. L* indicates whiteness (value 100) or
blackness (value 0), a* indicates red (positive value) or green (negative value), and b* indicates yellow
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(positive value) or blue (negative value). Different letters indicate statistically significant difference
between control bread and bread with different GPF addition (p<0.05).

Sensory profiling
The results of sensory profile analysis are presented in Figure 2. With GPF addition there
was significant difference among the samples and control bread in terms of all sensory
attributes, except for yeast flavor, salty taste of the crumb and crust thickness. Color change
coincides with the results of colorimetric measurements of colour. The colour of the crumb
and the crust is becoming, by increasing the GPF, darker. Some of these results are in
contradiction with the results of instrumental texture analysis, which indicated that GPF
addition leads to firmer crumb texture. In sensory evaluation, crumb hardness increases with
the addition of 6% GPF, but it does not significantly increase with increase of GSF addition.
These contradictions might originate from differences between human perception and the
instrumental measurement (Bagdi et al., 2016). Addition of GPF has influenced the porosity
of the crumb, it has become more inhomogeneous. The texture of the crumb became stickier
and less springy.

Figure 2. Spider graphs of visual, tactil, biting, and flavour sensory attributes of control and bread with
GPF varieties Merlot supplementation.

The GPF addition has significantly influence on flavor intensity, aftertaste and off-taste. The
acidity of bread was increased by the GPF addition. The odour was altered to be more
intense, remarkably sourer. Addition of GPF had a significant impact on one more sensory
attribute. With increasing GPF addition sand feeling in the mouth also increased.

CONCLUSIONS
The instrumental and sensory analysis, stressed that there is correlation between addition of
GPF and the properties of the bread. Results showed significant impacts of GPF on the
colour, texture and taste. GPF replacement is in negative correlation with bread brightness
and volume while it increases bread hardness. This could have a negative impact on the
quality of the bread, since the firmness is often associated with the bread quality. GPF
addition provoked a stronger after-taste and off-taste. Sour taste and sand feeling in the
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mouth also increased with GPF addition. Grape pomace is an interesting material for bread
enrichment, but rather due to the large impact on the sensory properties, should be used in
lower concentrations.
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ABSTRACT
The aim of this research was to evaluate the quality of four Feta type cheese samples, produced from
ultrafiltered bovine milk, by application of sensory and instrumental methods. Sensory evaluation was
performed by a trained panel using a sensory profiling test. Twenty-one sensory properties, grouped
as appearance (2), odour (2), flavour/taste (11), and texture/mouthfeel (6) properties, were evaluated
using a 1-5 scale. Texture analysis of the samples was carried out using a TA.XT Plus Texture
Analyser, while the colour characteristics were measured by a Chroma Meter CR-400. Analysis of
variance (ANOVA) and Fisher's least square difference tests were applied to compare means at 5%
significance level. Sensory analysis revealed that the samples were different in terms of homogeneity
of sample surface, bitter taste and aftertaste. The cheese samples were discriminated mostly by
textural/mouthfeel properties, namely smoothness, degree of dissolving in mouth and tooth packaging.
ANOVA also showed that firmness and yellow tone (+b*) as instrumental parameters contributed
significantly (p<0.05) to the discrimination between the samples. Total colour differences (ΔE)
calculated between the samples was lower than 3, indicating that the difference was not obvious to the
human eye.
Keywords: Feta type cheese, sensory evaluation, texture, colour

INTRODUCTION
Feta cheese originated from Greece, but it is also very popular in other Balkan countries.
Feta is a soft white brined cheese with 20-25% fat, with small or no holes, compact structure
and homogeneous surface. It possesses characteristic salty and acidic taste. Traditional Feta
cheese is made using ewe's milk or a mixture of ewe's and goat's milk (Sipahioglu et al.,
1999), but commercial Feta type cheese is often made using bovine milk and ultrafiltration
process.
Appearance and texture are important factors in the consumer acceptance of cheese.
Therefore, these attributes are used to differentiate many cheese varieties, and at the same
time they are directly related to product quality (Kaya, 2002; Foegeding et al., 2003). Textural
characteristics of cheese are affected by structural characteristics, fat distribution, cheesemaking process, and proteolysis during ripening. In addition, colour of cheese is related to its
physical structure and chemical composition (Kaya, 2002).
Descriptive sensory analysis of cheese texture has been conducted on a variety of cheeses
with different fat contents and with some fat replacers (Sipahioglu et al., 1999; Gwartney et
al., 2002; Romeih et al., 2002; Foegeding et al., 2003). It was used to differentiate cheeses,
determine the influence of various treatments on the textural properties, and to explore the
relationships between sensory properties and instrumental measurements (Wium and Qvist,
1998; Drake et al., 1999; Foegeding et al., 2003). Instrumental mechanical measurements
could be correlated well with the textural sensory perceptions, such as hardness and
springiness, but no correlation was found between some other attributes (Foegeding et al.,
2003). In general, Texture Profile Analysis (TPA) was better instrumental tool to predict
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sensory texture parameters than the fundamental rheological tests (Drake et al., 1999).
Wium and Qvist (1998) explored the possibility to predict sensory texture properties of Feta
cheese made from ultrafiltered milk (UF-Feta) using the results obtained by the uniaxial
compression, small shear deformation measurements (frequency sweep, strain sweep,
relaxation), and chemical properties (nitrogen, pH value, salt, dry matter and fat). Partial
Least Squares Regression (PLSR) of all results revealed that fracture stress from the
uniaxial compression was highly correlated with the sensory firmness; however, shear
measurements could not be used for the same purpose.
Besides appearance and texture, as for most other food products, flavour and taste are also
important parameters for cheese quality. Drake et al. (2001) developed and validated a
standardized descriptive language for Cheddar cheese flavour. This lexicon included
descriptors for aromatics associated with fresh curd (cooked, whey, diacetyl, milk fat), aging
(sulfury, nutty, brothy, fatty acids, fruity, animal), oxidized, moldy and yeasty flavour, as well
as basic tastes and chemical feelings (salty, sweet, sour, bitter, umami).
Based on the above facts, the objective of this study was to consider the possibilities of
application of sensory and instrumental methods in quality control of four commercial Feta
type cheese samples, produced from ultrafiltered bovine milk.

MATERIAL AND METHODS
Material
Four commercial Feta type cheese samples (marked as FC1, FC2, FC3, and FC4), bought in
a local market, were investigated in this study. All cheese samples were produced from
ultrafiltered bovine milk, cut into six pieces and packed in plastic boxes. Net weight of
samples FC1, FC2 and FC3 was 250 g (with brine), while net weight of sample FC4 with
brine was 450 g.
Methods
Sensory evaluation
Quality ratings were collected by six expert assessors drawn from the Institute of Food
Technology, Novi Sad. Because most of the experts were highly familiar with this type of
product and its production process, the observed samples were evaluated in relation to
relevant attributes. Twenty-one sensory attributes, grouped as appearance (colour – CO,
homogeneity – HO), odour (overall odour intensity – OO, packaging odour – PO),
flavour/taste (overall flavour intensity – OF, dairy – DA, butter – BU, packaging flavour – PF,
oxidised – OX, animal – AN, overall sour – OS, lactic acid – LA, salty – SA, bitter – BI,
aftertaste – AT), and texture/mouthfeel (firmness – FI, smoothness – SM, degree of
dissolving – DD, tooth packaging – TP, fat feel – FF, mouthcoating – MC) were evaluated
using a consensus profiling sensory test. The quality of the cheese was evaluated by
application of a 1-5 point scale: 5 – perfect, typical, no defect; 4 – noticeable insignificant
deviations or slight defects; 3 - noticeable deviations or defects; 2 - significantly noticeable
defects; 1 - a complete change in sensory quality. The order of the sample presentation was
randomized and samples were coded with random three-digit numbers.
Texture analysis
Penetration test was performed on the three packages of each cheese sample at five points
(midpoint and corners) using a TA.XT Plus Texture Analyser (Stable Micro Systems,
England, UK). The brine was decanted before the test. The firmness of cheese was
determined by penetration with a 5 mm diameter stainless steel flat cylinder probe (P/5), and
with a load cell of 5 kg. Instrumental settings (CRC1/P5) were taken from the sample projects
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of the software package (Texture Exponent Software TEE32, version 6,0,6,0, Stable Micro
Systems, England, UK).
Colour determination
Colour values of Feta type cheese samples were measured by a Chroma Meter CR-400
(Konica Minolta Co., Ltd., Osaka, Japan), using a D65 light source and the observer angle of
2°. Three packages of each cheese sample were measured at five points (midpoint and
corners) after the brine was decanted. The results were expressed as CIE L* (lightness), CIE
a* (+a*= redness, -a* = greenness), CIE b* (+b* = yellowness, -b* = blueness).
Whiteness index (WI) was also calculated according to the following formula (Pestorić,
2016):

Total colour difference (ΔE) was calculated according to the following formula (Koca et al.,
2011):

The values used to determine whether the total colour difference was visually obvious were
the following: ∆Ε < 0.2 − colour differences are not obvious to human eyes, ∆Ε = (0.2 – 1) −
colour difference is noticeable by the human eye, ∆Ε = (1 – 3) − colour difference is
perceived by the human eye, ∆Ε = (3 – 6) colour difference is well perceived by the human
eye, and ∆Ε > 6 – obvious variations of colour (Schläpfer, 2002).
Statistical analysis
Results were expressed as mean ± standard deviation for all replications. Analysis of
variance (ANOVA) and Fisher's least square difference tests were applied to compare means
at 5% significance level using the statistical data analysis software system STATISTICA
(StatSoft, Inc. (2013), version 12.0, www.statsoft.com).

RESULTS AND DISCUSSION
Sensory evaluation
The results of sensory analysis are presented in the spider-plot (Figure 1).
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Figure 1. Overall sensory quality of Feta type cheese samples

The Feta type cheese samples were discriminated mostly by textural/mouthfeel properties,
namely smoothness, degree of dissolving in mouth and tooth packaging. In addition, the
cheese samples were different in terms of homogeneity of sample surface, bitter taste and
aftertaste. Mean scores for the samples FC1, FC2, FC3, and FC4 were 4.95, 4.76, 4.90, and
4.71, respectively. Since mean scores for all investigated samples were in the range of 4-5, it
could be concluded that all cheeses had satisfactory quality, with only small defects, and
appropriate flavour and taste.
Instrumental measurements
The results of instrumental measurements are presented in Table 1. ANOVA showed that
firmness, yellow tone (+b*) and whiteness index (WI) contributed significantly (p<0.05) to the
discrimination between the Feta type cheese samples. This implies that penetration test
could be applied to explore differences in firmness among different cheese samples.
Whiteness index was lower for cheese samples with more pronounced yellow tone (FC3 and
FC4), and therefore it is better parameter than lightness alone (L*) for discrimination between
white brined cheeses.
Table 1. Colour and texture characteristics of Feta type cheese samples
Characteristic
FC1
FC2
FC3
a
bc
c
Firmness (g)
283.8 ± 29.97
232.0 ± 17.24
214.8 ± 14.84
a
a
a
L*
90.95 ± 2.25
91.28 ± 1.62
89.98 ± 2.33
a
a
a
a*
-2.14 ± 0.13
-2.18 ± 0.17
-2.29 ± 0.27
b
b
a
b*
9.92 ± 0.65
9.93 ± 0.64
11.03 ± 0.93
a
a
b
WI
86.25 ± 0.96
86.52 ± 0.73
84.77 ± 1.17

FC4
b
239.7 ± 25.42
a
89.89 ± 0.58
a
-2.15 ± 0.16
a
10.84 ± 0.54
b
85.02 ± 0.56

Results are expressed as mean ± standard deviation. Values with the different superscript within a row are
statistically different (p<0.05).

Total colour differences (ΔE) calculated between the Feta type cheese samples are
presented in Table 2. ΔE values calculated between the samples FC1 and FC2, as well as
FC3 and FC4 were between 0.2 and 1, indicating that these differences could be noticed by
the human eye, but they are not obvious.
Colour difference between sample FC1 and samples FC3 and FC4, and between sample
FC2 and samples FC3 and FC4 was higher than 1, but lower than 3, pointing out that these
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differences are perceived by the human eye. According to the results presented in Table 1,
this difference is caused by the more prominent yellow tone (+b*) of samples FC3 and FC4.
Table 2. Total colour difference (ΔE) between Feta type cheese samples
ΔE
FC1
FC2
FC2
0.34
FC3
1.49
1.71
FC4
1.40
1.65

FC3

0.25

Results are expressed as means for all replications.

CONCLUSIONS
Instrumentally determined firmness, yellow tone (+b*) and whiteness index (WI) contributed
significantly to the discrimination between the Feta type cheese samples. On the other hand,
firmness and colour received the same scores for all samples from the expert sensory panel,
indicating that application of instrumental methods is justified for the determination of these
quality parameters. Total colour difference (ΔE) values calculated between the samples were
lower than 3, indicating that the difference between the samples could be perceived by the
human eye, but it is not obvious. Sensory evaluation was appropriate for the determination of
surface defects (homogeneity), textural/mouthfeel properties evaluated orally (smoothness,
degree of dissolving in mouth and tooth packaging) and taste (bitter taste and aftertaste).
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ABSTRACT
In this study 18 samples of white brined chesses of various producers, produced of cow’s milk, ewe’s
milk and their mixtures were collected from local markets, sensory analyzed by untrained panelists/
consumers and their textural properties were determined by texturometer (ta-xt2). In sensory analysis
a descriptive test on mouth feeling and affective test on color, flavor, taste and overall acceptability of
cheese were performed. Significant correlation coefficients (p<0.05) were established between some
of the measured textural values and scores for the cheeses. The measured values of hardness
positively correlated with sensory scored hardness of the cheeses (r=0.6096) and toughness
(r=0.6471) and negatively with the taste (r=-0.5111). The scores for overall acceptability significantly
correlated with the color (r=0.8923), and taste (r=0.9665). It means that the taste is sensory
characteristic which mostly influences on the acceptability of cheese by the consumers.
Keywords: white brined cheese, properties, acceptability

INTRODUCTION
Cheese is a classical dairy product widely used in nutrition of humans (Ercan, 2009). Its
acceptability of consumers depends on appearance, flavor and textural characteristics
(Szczesniak, 2012). The quality of milk, its origin, microbiological, chemical and biochemical
properties and applied processing parameters potentially influence on a cheese quality
(Bakirci et al., 2011; Sahingil et al., 2014). More than 1000 cheese varieties are produced
throughout the world. However, in the region of South East Europe, white brined cheese
traditionally is dominantly consumed cheese (Sahingil et al., 2014). Nowadays, its pleasant
overall properties also make it a worldwide acceptable. Traditionally white brined cheese is
curdled with rennet, then matured and stored in brine. Today, it is extensively produced
industrially with modern technologies based on the use of starter cultures (Mojsova et al.,
2013). The starter microorganisms initiate rapid acidification and cause lipolytic and
proteolytic development of flavors. During maturation the cheese becomes hard in texture,
salty and acidic in taste. Texture is external manifestation of the intrinsically arrangement of
various chemical components (Szczesniak, 2012). The sensory properties of cheeses
present on the market vary significantly. Their differences are related to brand producer, and
ultimate prerequisite any product success. Consumers’ satisfaction is the vital aim of any
producer. They need to satisfy the consumers regarding all aspects of the product such as
price, quality, utility derived, package etc. Consumer acceptance of a food product can be
defined as the experience characterized by a positive attitude toward the product; and/or
actual utilization of food by consumers. Appearance is commonly used by consumers to infer
food product quality (Raja et al., 2011). Today main reason for the consumption of cheese is
not the prevention of hunger but the supply of important and essential nutrients, its manifold
uses in the kitchen, and its enjoyment (Walther et al., 2008). The main goal of this
investigation was to characterize quality parameters of cheese samples present on the
market and to find parameters that mostly influence on consumers preference.
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MATERIAL AND METHODS
In this study 18 kinds of white brined cheeses, produced in ten different dairy factories
located at different areas of the R. Macedonia, were purchased from local markets. Six
samples denoted as cow’s cheese were produced of cow’s milk (C1, C2, C3, C4, C5 and
C6), and the same number of samples were produced from ewe’s milk (S1, S2, S3, S4, S5
and S6) and also of mixtures of cow’s and ewe’s milk (M1, M2, M3, M4, M5 and M6).
Chemical analyses. Cheese was analyzed for moisture, fat, and salt according to AOAC
(1990).
Texture profile analyses. (TPA) of the cheeses was determined in terms of hardness,
adhesiveness, cohesiveness and springiness using a two bit test. From the each cheese
samples were cut cubes (20x20x20 mm) and compressed to 80% of its original height using
a texture analyzer ta-xt2 (SMS Stable Micro Systems Texture Analyzer, Surrey, England)
with a test speed of 0.4 mm s-1. Texture analyses were mean of the three replicates tested
on each sampling time. The obtained results were analyzed with Texture Exponent 32
software (version 3.0.3.5.).
Sensory evaluation. A panel of 21 untrained panelists was chosen and asked to judge on
the quality of the cheese (mouthfeel, color, flavor, taste and overall acceptability) using an
evaluation sheet where all characteristics were ranged from 1-not acceptable/low level, to 5acceptable/high level of quality characteristic.
Statistical analyses. All statistical analyses were done using STATISTICA (ver. 50, 1995)
package software. All data are reported as means and standard deviation.

RESULTS AND DISCUSSION
Eighteen samples of white brined cheeses, six of them obtained of cow’s milk, and equal
number of samples originated from ewe’s and mixed milk, produced in ten different dairy
factories were collected from markets and analyzed to determine influence of their quality
characteristics on consumers acceptability. The examined samples of cheeses (Table 1) as
concerns to the water content (41.11-58.45%), belong to hard or semi hard cheese
(Regulations, 2011). The greatest variation (12.66%) were established among the samples of
cow’s milk, the lower among the cheeses of mixed milk and the least variation (4.85%)
among the samples of ewe’s milk. The water content of the product is determining factor in
texture and also limits the storage aptitude. The content of fats plays very important role in
the development of a good texture, and it is well known that a higher fat content leads to a
less firm and elastic body (Adda, 1982; Ercan, 2009).
Table1. Amounts of water, fats and salt in cheeses of different origin
Chemical characteristics of Characteristics of respective cheese parameters
respective kind of cheese
n
mean
min
max
SD
Water, %
Cow’s-milk cheese
12
51.44
41.11
58.45
6.51
Ewe’s-milk cheese
12
49.67
46.72
53.11
2.41
Mixed-milk cheese
12
50.84
45.81
55.98
3.69
n
mean
min
max
SD
Fat, % of dry mass
Cow’s-milk cheese
12
46.01
33.91
54.31
7.36
Ewe’s-milk cheese
12
48.72
45.31
53.32
3.40
Mixed-milk cheese
12
46.89
35.02
54.53
6.75
n
mean
min
max
SD
Salt, %
Cow’s-milk cheese
12
1.64
1.41
2.12
0.27
Ewe’s-milk cheese
12
1.60
1.12
2.53
0.63
Mixed-milk cheese
12
1.56
1.26
2.18
0.33
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4.85
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39.38
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*K - coefficient of variation

According to the percentage of fat in dry matter of cheese some samples of Macedonian
cow’s-milk and mixed milk white brined chesses belong to semi fat (at least 25% fat/dry
mass), but the rest samples of mentioned origins and all samples of ewe’s-milk cheeses
belong to full fat cheese, having at least 45% fat/dry mass (Regulations, 2011). The fats are
also important for the perception and formation of flavor.
Salt in cheese serves some important functions, it acts as preservative, as a major
determinant of water activity, and thereby exerts a control over a microbial growth, enzyme
activity, biochemical changes during cheese ripening, and the simultaneous development of
aroma and flavor. Salt, together with pH and calcium level, has a large effect on the extent of
para-casein hydration, which in turn affects water binding capacity of the casein matrix, its
tendency for syneresis, its rheological and textural characteristics (Bakirci et al., 2011). The
content of salt was not significantly different among the cheese samples and varied in the
range of 1.41% to 2.53%. In traditional Macedonian white brined cheeses Mojsova et al.
(2013) found 50-60% moisture, 20-30% fats, and higher salt (3-5%) content, as was found in
Bulgarian white brined cheeses by Edgorian et al. (2007). However, salt content was in the
similar range as Marketanovic (2010) found in Croatian hard sheep cheeses.
The texture is one of the most important attributes that helps to determine the identity of a
cheese (Rahimi et al., 2013). The results of texture profile analyses are given in Table 2. The
values of average hardness were the lowest (27.66 N) for mixed-milk cheese, followed (30.9
N) for cow’s-milk cheese and 32.5 N for ewe’s-milk cheese. However, great variations were
observed among the samples, the least 28.4% for cow’s milk cheese and about 48% for the
rest samples. The cheeses are firmer than Iranian white cheese (Jooyoandeh, 2009) and
white brined cheeses after 120 day ripening reported by Sahingil et al. (2014). The texture of
the cheese undergoes continuous changes during ripening as a consequence of a
biochemical reactions (Ercan, 2009; Rahimi et al., 2013). The adhesiveness is strictly related
to the levels of fat and total solids in cheeses, and it differed in all investigated samples. The
values of springiness for cheeses from cow’s and mixed milk were similar and little higher
than of ewe’s chesses, but very similar to the values established by Sahingil et al. (2014).
Table 2. The texture profile parameters of white brined cheeses
Textural characteristics of Characteristics of respective textural parameters
respective kind of cheese
n
mean
min
max
SD
Hardness (N)
Cow’s-milk cheese
12
30.990
15.81
45.07
8.80
Ewe’s-milk cheese
12
32.503
12.50
57.25
15.72
Mixed-milk cheese
12
27.664
15.25
60.09
13.47
n
mean
min
max
SD
Adhesiveness (N mm)
Cow’s-milk cheese
12
-0.768
-1.37
-0.26
0.392
Ewe’s-milk cheese
12
-0.417
-1.50
-0.05
0.415
Mixed-milk cheese
10
-0.960
-1.56
-0.35
0.335
n
mean
min
max
SD
Springiness (mm)
Cow’s-milk cheese
12
0.717
0.50
0.90
0.134
Ewe’s-milk cheese
12
0.693
0.40
0.85
0.132
Mixed-milk cheese
12
0.712
0.49
0.88
0.113
n
mean
min
max
SD
Cohesiveness
Cow’s-milk cheese
12
0.263
0.17
0.38
0.060
Ewe’s-milk cheese
12
0.338
0.16
0.62
0.139
Mixed-milk cheese
12
0.232
0.11
0.41
0.078

К (%)*
28.39
48.37
48.69
К (%)*
50.81
100.5
34.89
К (%)*
18.69
19.05
15.87
К (%)*
23.08
41.12
33.62

*K - coefficient of variation

Sensory texture is complex and both tactile-geometrical properties and kinestheticmechanical properties are evaluated in the mouth or with the hands. In our investigation
sensory analyses included descriptive analyses of mouthfeel of the cheese and also
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affective test of simply measuring preference and liking. The mean scores values of
descriptive sensory evaluation for mouthfeel attributes (hardness, toughness, crumbliness,
spreadablity and stickiness) of cheese samples are presented in Table 3. The hardness of
cheeses of cow’s milk was estimated with scores that vary from 1.05 to 2.48 and were lower
than those given for cheeses of other origin. The highest scores (2-3.48) were obtained for
ewe’s-milk cheeses. The panelists sensed that all tested samples are not tough, giving
scores in the interval of 1.00-1.82.
Table 3. Scores of descriptive sensory analyses of mouthfeel (mean value standard deviation)
Mouthfeel of
cow’s milk cheese

C1

Hardness
Toughness.
Crumbliness
Spreadability
Stickiness

1.05
1.00
3.19
1.81
1.90

Mouthfeel of ewe’smilk cheese

S1

Hardness
Toughness.
Crumbliness
Spreadability
Stickiness

2.29
1.00
2.19
1.90
1.52

Mouthfeel of mixed
milk cheese

M1

Hardness
Toughness.
Crumbliness
Spreadability
Stickiness

2.14
1.19
1.81
1.76
1.48

C2
0.22
0.00
0.81
1.08
0.94

C3

2.33
1.14
1.19
1.38
1.14

1.06
0.48
0.51
0.80
0.36

S2
0.72
0.00
1.08
1.00
1.03

0.64
0.00
1.12
1.01
0.72

S3

2.00
1.00
1.33
1.48
1.14

1.00
0.00
0.58
0.68
0.48

M2
0.91
0.40
0.87
1.04
0.68

1.71
1.00
3.62
1.86
1.71

C4

2.10
1.00
1.14
1.19
1.05

1.11
0.48
1.22
1.22
0.91

2.14
1.29
2.33
1.71
1.43

0.86
0.73
0.75
0.75
0.44

S4
0.94
0.00
0.65
0.40
0.22

M3

2.14
1.14
1.90
1.90
1.67

2.38
1.33
1.48
1.43
1.10

C5

2.05
1.00
1.52
1.10
1.05

1.14
1.05
3.33
2.10
1.52

1.86
1.00
2.19
1.86
1.43

0.91
0.00
1.03
0.96
0.60

S5
0.97
0.00
1.03
0.44
0.22

M4
0.96
0.56
1.20
0.85
0.68

C6
0.93
0.22
0.48
0.87
0.00

S6

3.14
1.24
2.81
1.33
1.00

0.48
0.62
0.98
0.66
0.00

M5
0.48
0.22
0.97
0.70
0.51

2.48
1.05
1.14
1.43
1.00
3.48
1.52
2.10
1.24
1.10

0.51
0.60
0.70
0.44
0.44

M6

2.24
1.00
1.76
2.10
1.57

0.94
0.00
1.00
0.70
0.93

3.14
1.81
2.95
1.52
1.29

1.11
0.87
0.80
0.98
0.78

Two samples of cow’s milk, and one sample of mixed milk were scored (> 3) as more
crumble than others. None of the cheeses was given higher scores than 2.1 for their
spreadability and also none was detected as sticky.
Table 4. Scores of affective test for distinct sensory attributes of tested cheese samples
Characteristics of scores for respective sensory parameters
Sensory parameters
Color
Cow’s-milk
cheese
Ewe’s-milk cheese
Mixed-milk cheese
Flavor
Cow’s-milk
cheese
Ewe’s-milk cheese
Mixed-milk cheese
Taste
Cow’s-milk
cheese
Ewe’s-milk cheese
Mixed-milk cheese
Overall aceptability
Cow’s-milk

n

mean

min

max

SD

К (%)*

12

4.52

3.67

5.00

0.452

10.00

12
12
n

4.52
4.38
mean

3.92
3.36
min

5.00
5.00
max

0.431
0.543
SD

9.54
12.39
К (%)*

12

3.57

2.55

4.49

0.695

19.48

12
10
n

3.77
3.41
mean

2.02
2.05
min

4.93
4.61
max

0.874
0.821
SD

23.18
24.08
К (%)*

12

3.25

1.73

4.38

0.777

23.91

12
12
n
12

3.20
3.15
mean
3.28

1.83
1.51
min
1.88

4.41
4.57
max
4.43

0.779
0.947
SD
0.768

24.36
30.06
К (%)*
23.41
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cheese
Ewe’s-milk cheese
Mixed-milk cheese

12
12

3.22
3.21

1.71
1.41

4.43
4.51

0.788
0.955

24.47
29.75

*K - coefficient of variation.

The sensory attributes color, flavor, taste and overall acceptability perceived by the panelists
are given in the Table 4. The highest scores (3.36-5) were given for the cheeses color,
notably less for flavor (2.02-4.93), a still less for the taste (1.51-4.57) and the least for the
overall acceptability (1.41-4.51).
In the Table 5 are given correlations between textural properties (determined instrumental
and by sensory analyses), and in the Table 6 are given correlations between textural
properties and scores for distinct sensory attributes of tested cheese samples. Between the
measured hardness values and scores for the cheeses significant correlation coefficient
(r=0.6096) was established. Some higher correlation (r=0.6471) was found between the
measured hardness values and scores for toughness. The measured cohesiveness
significantly negatively correlated with the scores for spreadability (r=-6011) and less with the
scores for cheeses stickiness (r=-0.5125). Between the sensory and textural properties also
were found significant correlations. It was established significant correlation coefficient
r=0.7005 between the scores for hardness and toughness of the cheeses, and the highest
between the ratings of spreadability and stickiness (r=0.8465). Excellent correlations
between instrumental and sensory ratings were found in the initial work on TPA (Szczesniak,
2002).
Table 5. Correlation coefficients between textural properties of the cheeses determined instrumental
and by sensory analyses*
Parameter**
Hi
Ai
Si
Ci
Hs
T
0.6096
0.6471
Hardness (Hi)
1
-0.2343 -0.2877 -0.095
Adhesiveness
1
-0.0682
0.489
-0.4153
(Ai)
-0.1153
Springiness (Si)
1
-0.005
-0.2974 -0.1237
Cohesiveness
1
-0.1591 -0.2834
(Ci)
0.7005
Hardness (Hs)
1
Toughness (T)
1
Crumbliness (C)
Spreadability (S)
Stickiness
(St)
*The coefficients denoted with bold correlated statistically significant (p<0.05)
**The abbreviations denoted with first capital letter accompanied with lowercase
TPA analyses.

C
0.2145
0.0921

S
-0.4666
-0.2108

St
-0.4246
0.0119

0.1304

0.1859
-0.6011

0.3327
-0.5125

-0.5344
-0.2812
0.4863
1

-0.6136
-0.2488
0.6000
0.8465
1

-0.3711
-0.2456
0.1675
1

letter i relate to parameters of

Between instrumental results for hardness and sensory scores negative correlations were
found (Table 5). The color of the cheeses (Table 6) significantly correlated with the taste
(r=0.9033).
Table 6. Correlation coefficients between textural properties measured instrumentally and scores for
distinct sensory attributes of tested cheese samples*
Overall
Parameter
Color
Flavour
Taste
aceptability
-0.5111
Hardness
-0.4737
-0.3263
-0.4932
Adhesiveness
-0.0871
0.4150
-0.1014
-0,0459
Springiness
0.1612
0.3370
0.1251
0.0609
Cohesiveness
0.2791
0.4732
0.2021
0.2254
0.9033
0.8923
Color
1
0.4613
Flavor
1
0.4261
0.4327
0.9665
Taste
1
Overall
1
aceptability
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*The coefficients denoted with bold correlated statistically significant (p<0.05).

On the overall consumers acceptability of the cheeses the highest influence has taste, so the
correlation coefficient between these sensory attributes was r=0.9665.

CONCLUSIONS
This research was performed with aim to find which quality characteristics of the cheeses,
present on the market, mostly influence on the consumer acceptability. The content of water,
salt and fats were determined, the values of texture profile (hardness, adhesiveness,
springiness and cohesiveness) were measured, and sensory characteristics (mouthfeel,
color, flavor, taste and overall acceptability) were scored. Statistically significant correlations
(p<0.05) were established between some of investigated characteristics. The measured
values of hardness positively correlated with sensory scored hardness of the cheeses
(r=0.6096) and toughness (r=0.6471), and negatively with the taste (r=-0.5111). The color of
the cheeses highly influenced on the taste (r=0.9033) and overall acceptability (r=0.8923),
however the highest statistically significant correlation was found between the taste and
overall acceptability (r=0.9665). It suggest that the taste is sensory characteristic which
mostly influences on the acceptability of cheese by the consumers.
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ABSTRACT
Lipases immobilized onto nonporous fumed silica nanoparticles (FNS) proved to be suitable catalysts
for the various commercially important esters synthesis. This inert hydrophilic material is usually
modified by different organosilanes, in order to assure formation of strong covalent bonds and/or
hydrophobic interactions with enzyme surface amino acid residues. Hereby, we present methods for
the modification of FNS surface by 3-aminopropyltrimethoxysilane (APTMS) and/or (Nphenylamino)propyltrimethoxysilane (PAPMS), and subsequent functionalization of amino-modified
FNS nanoparticles with cyanuric-chloride (CC). Selected modified nanocarriers were applied for the
immobilization of Candida antarctica lipase B (CALB). Influence of chemical modification of FNS
surface on the CALB immobilization process, protein loading, and hydrolytic activity of obtained
preparations were examined. Furthermore, chosen derivatives were tested in the production of
valuable food additive, liposoluble antioxidant, L-ascorbyl oleate.
Results showed that highest protein loadings were accomplished with nanocarriers modified with
combination of both APTMS and PAPMS. However, probably due to hindered approach of substrate
molecules to the enzyme active sites, their hydrolytic and esterification activities were not
proportionally high. All preparations obtained with modified FNS nanoparticles were more active in the
hydrolysis of p-nitrophenyl butyrate (p-NPB) comparing to CALB immobilized onto unmodified FNS.
The highest hydrolytic activity of 1518.6 p-NPB/g was demonstrated by CALB covalently immobilized
onto nanoparticles modified by APTMS and CC. Meanwhile, best results in the synthesis of L-ascorbyl
oleate were achieved when CALB hydrophobically immobilized onto FNS nanoparticles modified by
only PAPMS, with hydrolytic activity of 1200.2 p-NPB/g, was used as a catalyst and yield of 23.4 mM
was accomplished.
Therefore, it was proven that different modification strategies ensured formation of different
interactions between lipase molecules and silica nanoparticles during immobilization, which led to
diverse hydrolytic and esterifying characteristics of obtained preparations. CALB immobilized onto
nanocarrier of highest hydrophobicity showed greatest potential for the production of L-ascorbyl
oleate.
Keywords: silica nanoparticles, lipase, immobilization, silanization, esterification

INTRODUCTION
Fat-containing food and cosmetics products are subjected to autoxidation due to exposure to
air (oxygen), or to the effects of heat or light, and as result the spoilage and changes the
chemical composition, as well as nutritional value of food, occur. To prevent or delay the
process of oxidation, antioxidants additives are appended in the products for decades. They
can be natural or synthetic compounds depending on their availability and preparations.
Among natural antioxidants, the ascorbic acid (vitamin C), its salt and fatty esters are most
frequently used in food processing (E 300-E 304).(Bauernfeind, 1982) Some of the popular
synthetic antioxidants used in many countries are butylatedhydroxyanisole (BHA, E320),
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butylated hydroxytoluene (BHT, E 321) and propyl gallate (E 310).(Williams et al., 1999)
Unlike synthetic antioxidants, natural ones does not change odor, flavor or color to the
products and more importantly their degradation forms are not toxic which makes them more
suitable for application in food and cosmetic industry.(Viklund et al., 2003) In recent years,
the efforts are being made for developing eco-friendly industrial processes for antioxidant
production. Enzymatic synthesis of antioxidants appeared to be best solution taking into
account advantages such as mild reaction conditions, high catalytic selectivity and efficiency
of enzymes and simplicity of process especially if immobilized enzymes are being
used.(Song et al., 2004, Yan et al., 1999).
In this study, synthesis of lipophilic antioxidant L-ascorbyl oleate was catalyzed with different
immobilized preparations of lipase B from Candida antartica (CALB). Oleic acid has been
used as acyl donor due to its low price and commercial availability.(Stojanović et al., 2013)
As supports for immobilization of CALB nonporous fumed silica nanoparticles (FNS) have
been applied. So far, FNS proved to be suitable supports for enzyme immobilization due to
their large surface area for attachment of enzymes, high possibility of introduction of reactive
functional groups, mechanical stability, rigidity, non-toxicity and biodegradability.(Chang,Sun,
2014) Recently, different enzymes immobilized onto these nanoparticles have expressed
tremendous potential of application in diverse industries such as food, pharmaceutical and
biosensor construction.(Liberman et al., 2014) More importantly, this inert hydrophilic
material can be easily modified by different organosilanes, in order to assure formation of
strong covalent bonds and/or hydrophobic interactions with enzymes. For purpose of this
study, FNS was modified with 3-aminopropyltrimethoxysilane (APTMS) and/or (Nphenylamino)propyltrimethoxysilane (PAPMS), and in subsequent experiment, aminomodified FNS nanoparticles were functionalized with cyanuric-chloride (CC). The L-ascorbyl
oleate obtained using CALB immobilized on these nanoparticles can be labeled as natural.

MATERIAL AND METHODS
Materials
Nanosized, hydrophilic fumed silica AEROSIL® 380 (FNS) was purchased from Evonik
Industries (Essen, Germany). FNS is made up of 7 nm sized nonporous particles which have
specific surface area of 380 ± 30 m2/g.
Agents used for FNS surface modification such as anhydrous aminopropyltrimethoxylsilane
(APTMS), (97%), (N-phenyla-mino) propyltrimethoxysilane (PAPMS), (97 %) and cyanuric
chloride (CC) were purchased from Fluka analytical (USA). Liquid enzyme preparation of
Candida antarctica lipase B expressed in Aspergillus niger (CALB) was obtained from
Sigma-Aldrich Chemie Gmbh, (Steinheim, Germany).
Preparation of modified nano-silica particles.
FNS nanoparticles were modified with amino- and phenylamino-organosliane as follows:
300 mg of FNS was stirred with 1.18 mL APTMS or 1.190 mL PAPMS in 36 mL of anhydrous
toluene for 48 h at 25 ○C under inert atmosphere. FNS particles were also modified with
combination of APTMS and PAPMS. Two different molar ratios APTMS:PAPMS 7:3 and 3:7
were used. In case of APTMS:PAPMS=7:3, 300 mg of FNS was stirred with 0.817 mL of
APTMS and 0.357 mL of PAPMS, while for molar ratio 3:7 same amount of FNS was treated
with 0.833 mL of PAPMS and 0.35 mL of APTMS.
The same modification procedure was applied as described in our previously reported
study.(Banjanac et al., 2016) FNS-APTMS particles were further functionalized with cyanuric
chloride (CC). Detailed procedure was also described in our previously reported
study.(Banjanac et al., 2016) All nanoparticles (FNS, FNS-APTMS-CC, FNS-PAPMS, FNSAPTMS-PAPMS (7:3 and 3:7) were used for immobilization of lipase from C. antartica.
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Characterization of nano-silica particles
FT-IR spectra were obtained at ambient temperature using BOMEM (Hartmann & Braun)
spectrophotometer. 1 mass % of sample was grounded thoroughly with potassium bromide
and the resulting powder was pressed into a transparent pellet by a hydraulic press. FT-IR
spectra were collected in transmission mode between 400 and 4000 cm-1 at a resolution of 4
cm-1.
CALB immobilization procedure
Immobilizations were performed with 10 mg of nanoparticles, 10 μL of liquid lipase
preparation and phosphate buffer solutions (PBS). Total volumes were 1 mL. Buffers were of
pH 7 and different ionic strengths (50 mM and 1M), defined for each experiment individually.
Immobilizations were performed at 25 °C with orbital mixing. After defined periods of time,
supernatants were removed by centrifugation during 10 minutes at 13 000 rpm. The obtained
immobilized enzymes were washed three times with 1 ml of the immobilization buffer and
centrifuged at 13000 rpm, and then dried in a vacuum oven at 40 °C for 1 h.
Hydrolytic activity assay
Lipase activity was followed using p-NPB as a substrate. Stock solution of p-NPB (50 mM) in
dioxane was 125 times diluted (to 0.4 mM) with 25 mM phosphate buffer, pH 8, prior to use.
When activity of the immobilized enzyme was measured, assay mixture consisted of 10 mg
of catalyst and 3 mL of diluted substrate. During the measurement time, mixture was stirred
with magnetic beam (6 mm) on magnetic stirrer at 1000 rpm. Measurements were done
spectrophotometrically at 410 nm at 25 °C.
Protein assay
Concentration of proteins in supernatant, before and after immobilization, was determined
using Bradford’s method.(Bradford, 1976) The assay mixture was composed of 2 mL
Bradford reagent and 40 µL of sample solution. Measurements were conducted at 595 nm,
after 5 minutes. Protein loadings were calculated as the difference between initial and final
amount of enzyme remained in supernatant after immobilization.
Ester synthesis
L-ascorbyl oleate ester was synthesized in 50 mL capped Erlenmeyer flasks by mixing Lascorbic acid (0.135 M), oleic acid in excess 8:1, water (0.018 % v/v), immobilized enzyme
preparation (0.2 % w/v) and acetone (solvent).(Stojanović et al., 2013) The obtained mixtures
were put in thermostatted shaker at 200 rpm and 60 °C for 24 h. Reaction volumes were 5
ml. After certain periods, samples (50 μL) were taken from reaction mixtures for quantitative
analyses.
HPLC analysis
Quantitative analysis of samples were done by Dionex Ultimate 3000 Thermo Scientific
(Waltham, USA) HPLC system. A reverse phase column (Waters Spherisorb ODS 2-C18,
250 mm × 4.6 mm, 5 µm) was employed. Injection volumes of reaction mixtures, 15-times
diluted, were 10 µl. Methanol: H3PO4, 100:0.1 % (v/v), was used as eluent, with a flow rate of
1 mL/min. Product was detect using UV detector at 235 nm.

RESULTS AND DISCUSSION
Considering inorganic properties of nonporous nano-silica surface, three modification
procedures based on silanization reaction between silanol groups of nano-silica and two
organosilanes were employed in order to introduce adequate functional groups on nanosilica surface which could enable immobilization of lipase in its active form. First modification
procedure considered modification of FNS with amino organosilane (APTMS) and cyanuric
chloride (CC) in the two step process (Scheme 1). In second modification procedure
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organosilane PAPMS was used and as result phenylamino functional groups were
incorporated on FNS surface. To evaluate the influence of introduced phenylamino groups
on lipase attachment, FNS was modified with combination of APTMS and PAPMS thus molar
ratio between APTMS and PAPMS was varied (third modification procedure) (Scheme 1).
To monitor if introduction of different groups on the surface of FNS was successful, FT-IR
spectra were recorded (Fig. 1). Spectrum of unmodified nano-silica has all the characteristic
bands, while in comparison to spectra of FNS–APTMS-CC it can be seen appearance of the
sharp band at 1608 cm-1 originate from vibrations of –C=N groups in triazine ring of cyanuric
chloride which confirmed that the coupling reaction was successful and that surface of silica
nanoparticles is being covered with chloride groups.

Scheme 1. Schematic presentation of FNS surface modification procedures

On spectrum of FNS-PAPMS showed up absorption bands at 1602, 1512, 745, 694 and
3412 cm-1 that proved the existence of monosubstituted phenyl ring with primary amino
groups on FNS-PAPMS surface. Meanwhile, on spectra of FNS particles modified with
combination of APTMS and PAPMS can be observed additional absorption bands at 3421
and 1635 cm-1 which could be attributed to the stretching of –NH2 groups. Also, it can be
noted two new bands at 1560 and 1490 cm-1 originate from –NH2 deformation vibrations that
indicate the presence of free amino groups on FNS-APTMS-PAPMS surface.

Figure 1. FTIR spectra of nano-silica particles
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After characterization of obtained nanopaticles, the comparative study of immobilization of
CALB on FNS, FNS-PAPMS, FNS-APTMS-CC, FNS-APTMS-PAPMS (3:7 and 7:3) was
undertaken by performing immobilization at initial enzyme concentrations of 25 mg protein
per g of support in phosphate buffer (50 mM and 1 M, pH 7.0) at 25 °C.
As presented on Fig.2, the highest protein loadings (approximately 19 mg/g support)
exhibited CALB immobilized on FNS nanoparticles modified with combination of APTMS and
PAPMS regardless of the applied molar ratio between these two organosilanes during
modification. The lowest protein loadings were acquired when immobilization was performed
on unmodified FNS (50 mM) and FNS-PAPMS (1 M), (7.5 and 5.5 mg/g support,
respectively). The small amount of attached enzyme on FNS can be explained by the fact
that under these experimental conditions repulsive forces was formed between the overall
negative charge of CALB molecules and negatively charged surface of FNS. In case of FNSPAPMS, approach of CALB molecules was hardened due to steric hindrance caused by the
large amount of introduced phenylamino groups on a support surface resulting in lower
protein loading. In addition, immobilization of CALB on FNS-PAPMS was investigated in
terms of influence buffer ionic strength. The obtained result showed that FNS-PAPMS
attached 3-times more proteins in 1 M buffer than in 50 mM buffer (Fig.2).
It should also be emphasized that higher protein loadings often does not cause an adequate
increase of immobilized enzyme activities since its specific activity depends on its
microenvironment and conformational flexibility which can be changed at higher protein
loadings. Therefore, for complete evaluation of optimization of immobilization process the
hydrolytic activity of the immobilized enzyme was determined (Fig. 3).
So, the highest hydrolytic activity (1518 IU/g support) attained CALB covalently immobilized
thought chloride groups on FNS-APTMS-CC in 1 M phosphate buffer. Slightly lower
hydrolytic activity (1200 IU/g support) had CALB hydrophobicly immobilized in 50 mM buffer
on FNS-PAPMS, while all other immobilized preparations exhibited significantly lower
activities.

Figure 2. Protein loading of CALB immobilized on nano-silica particles

Figure 3. Hydrolytic activity of immobilized CALB on different nano-silica particles

Summing obtained results for the protein loadings and the hydrolytic activities, it can be
noted that the activities of CALB immobilized on FNS-PAPMS in 1 M buffer and on FNS were
proportionate with obtained protein loadings. On the other hand, a different trend than with
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protein loading was observed with two supports treated with different molar ratio of APTMS
and PAPMS. These supports attached almost the same amount of CALB but the support
modified with a higher share of PAPMS demonstrated 2-folds higher activity than one with a
higher share of APTMS. Therefore, it is evident that the increase of hydrophobicity of support
surface increased the hydrolytic activity of immobilized CALB. The high activities acquired
during immobilization on the most hydrophobic supports can be explained due to fact that the
region surrounding the active site of CALB is hydrophobic and that undergo interfacial
activation of lipase when adsorbed on a hydrophobic surface. This region also has the main
role in covalent immobilization of CALB on FNS-APTMS-CC by directing orientation of the
enzyme molecule in such way that allows formation of covalent bonds between amino
groups of CALB and chloride groups of support resulting in attachment of CALB in its active
conformation.
Based on achieved results, two immobilized preparations with the highest hydrolytic activity
(FNS-APTMS-CC and FNS-PAPMS) and CALB immobilized on unmodified FNS were
selected for application in the reaction of L-ascorbyl oleate synthesis. In this way, CALB
immobilized on two supports with different surface properties (hydrophilic and hydrophobic)
via adsorption and covalently immobilized CALB were tested. As it can be seen, the highest
yield of ester (24 mM) demonstrated immobilized CALB via hydrophobic interactions on FNSPAPMS while covalently immobilized CALB on FNS-APTMS-CC and adsorbed on FNS
produced two times less of L-ascorbyl oleate (Fig. 4). This was expected because
hydrophobic support surface is considered to be more appropriate for application in lipase
catalyzed reactions, especially esterification reactions, due to reduced presence of water
molecules on support surface and decreased hydrolysis reaction rate.

Figure 4. L-ascorbyl oleate synthesis by immobilized CALB on nano-silica particles

CONCLUSIONS
The attempt to acquired immobilized preparations of lipase from C. anatartica which could
have great prospects in synthesis of L-ascorbil oleate is presented in this study. The
obtained results have shown that selected supports (FNS, FNS-PAPMS and FNS-APTMSCC) enable immobilization of high lipase esterification activities. The support with
hydrophobic groups has proven to be the best choice for immobilization of CALB because
immobilized enzyme expressed better selectivity towards esterification than one covalently
immobilized through introduced chloride groups.
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ABSTRACT
In recent years, there is an increasing awareness considering the beneficial effects of functional foods
on human health. Accordingly, due attention is given to the research in the field of obtaining new
products featuring improved physiological and physico-chemical characterstics. β-Galactosidase,
although primarily regarded as hydrolytic enzyme, proved to be a promising tool in prebiotic synthesis.
Under specific conditions, β-galactosidase catalyzes transfer of galactose moiety to free hydroxyl
group containing compound, yielding different compounds of tremendous prebiotic potential such as
galacto-oligosaccharides, lactulose and lactitol, as well as their structural analogues. The aim of this
study was to obtain a novel product galactitol galactoside through transgalactosylation reaction using
β-galactosidase from Aspergillus oryzae. The importance of using sugar alcohols, namely glactitol in
the study, was the possibility of obtaining a diverse mixture of potential prebiotics (galactooligosaccharides and alcohol-galactoside) and thus enabling its more favorable functional features.
Given the complexity of these reactions, owing to the several potential galactosyl acceptors, and
consequently several potential reaction pathways, key reaction parameters have been optimized using
the response surface methodology ensuring the insight into different parameter influences, as well as
their mutual interactions on product yield and productivity. In terms of achieving high product yields,
model predicted optimal lactose concentration 200 mM, the molar ratio of galactitol and lactose 7:1,
the concentration of NaCl 1M, and the reaction time 4.69 h. From the aspect of productivity, the
optimum enzyme concentration was found to be 0.2 mg/ml, while the values for other factors coincide.
In subsequent experiments, under previously defined optimal conditions, the maximum galactitol
galactoside yield was 35 g/l, and productivity 82 g/g enzyme. Finally, the β-galactosidase immobilized
onto amino modified nonporous silica nanoparticles was successfully employed in the same reaction.
Keywords: β-galactosidase, transgalactosylation, galactitol galactoside, silica nanoparticles

INTRODUCTION
Lactase or β-galactosidase (EC 3.2.1.23) represents an important industrial enzyme, mainly
used in the dairy industry for the production of the low lactose milk and dairy products, thus
providing the solution for the worldwide problem of lactose intolerance. (Perotti et al., 2015)
On the other hand, under the exeptional reaction conditions (high lactose concentrations,
elevated temperatures and low water activities) β-galactosidase catalyzes reaction of
transgalactosylation, where different sugars, alcohols or aromatic compounds with free
hydroxyl groups serve as galactose moiety acceptors. (Gosling et al., 2010) Consequently,
the several valuable bioactive galactosides employed in the food industry, cosmetics and
medicine are produced. (Nath et al., 2015) During the last decades, researchers have been
focused mainly on the production of physiologically active galacto-oligosaccharides (GOS),
however, development of novel β-galactosyl derivatives of sugar alcohols offer a promising
alternative, since its chemical composition proposes the similar beneficial effect on human
and animal health. These low-digestible compounds, consisting of the galactosyl residue and
sugar alcohol, formed during the β-galactosidase catalyzed reaction, proved to be a capable
of favorably modifying human intestinal microbiota. (Klewicki et al., 2007a) Morover, it was
demonstrated that they are capable of inducing the antagonistic activity of lactic acid bacteria
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towards different pathogens, and can be used as an anti-hepatic encephalopathy agent.
(Klewicki et al., 2007a) Their pronounced stability at high temperatures and low pH values
enables their application in food and feed production. (Klewicki et al., 2007b) Several sugar
alcohol galactosides have been synthesized so far (Klewicki et al., 2007a), but to our
knowledge, there were no attempts of galactitol galactoside production.
Even though soluble β-galactosidase is frequently used in transgalactosylation reactions, the
enzyme instability may limit its potential of galactoside synthesis. In terms of achieving better
stability, and potentially reusability enzyme immobilization has been proposed. So far,
different immobilization methods and various support materials have been tested for
immobilization of β-galactosidase. (Panesar et al., 2010) Being biocompatible and non-toxic,
silica represents promising carrier for β-galactosidase immobilization. Moreover, combining a
high enzyme loadings and increased stability, and lack of mass transfer limitations made
nano-sized nonporous (FNS) the carrier of choice (Banjanac et al., 2016). However, the
surface modification is usually obligatory to achieve better immobilization performance. In
this study, modiﬁcation with amino functional organosilane (3-aminopropyltrimethoxysilane,
APTMS) was performed to introduce an amino group onto its surface (AFNS). Finally, the
immobilized preparation was employed in galactoside synthesis, in order to compare its
transgalactosylation potential as opposed to soluble β-galactosidase.

MATERIAL AND METHODS
Materials
β-Galactosidase from Aspergillus oryzae (8 IU/mg) used in the study was obtained from
Sigma Chemical Co (St Louis, USA). Nano-sized fumed silica (FNS) used as immobilization
carrier was AEROSIL® 380 (7 nm) obtained from Evonik Industries (Essen, Germany).The
substrates used were dulcitol and lactose, from both purchased Sigma Chemical Co.
Quantitative HPLC analysis was performed using HPLC grade water obtained from Merck
(Darmstadt, Germany) as eluent.
β-Galactosidase immobilization procedure
Prior to immobilization, comercial nonporous nanosilica particles (FNS) were modified with 3aminopropyltrimethoxysilane (APTMS) in order to introduce amino groups onto its surface
(Scheme 1) in accordance to previously reported procedure. (Banjanac et al., 2016).
Immobilization of β-galactosidase was performed by suspending 1 mg of previously prepared
modified nanosilica particles (AFNS) into 1 ml of enzyme solution (3mg/ml) in the 0.1 M
sodium acetate buffer (pH 4.5). Immobilization was performed for 3 h under mild stirring on
roller shaker at 25⁰C. The immobilized enzyme preparation was separated by cetrifugation
(13000 rpm) and washed twice with the same buffer.
β-Galactosidase activity assay
The hydrolytic activity of the β-galactosidase was determined using o-nitrophenol-β-Dgalactopyranoside (o-NPG) as a substrate. (Carević et al., 2016)
Enzymatic synthesis of galactitol galactoside
All reactions were performed on a rotary shaker (250 rpm) at 50⁰C. Reaction mixtures were
comprised of galactitol, lactose, NaCl and the enzyme (concentrations specified for each
experiment) which were dissolved in 0.1 M acetate buffer (pH 4.5) to reach 5 ml. The
reaction was stopped by heating samples at 100 ⁰C for 10 min to inactivate the enzyme.
Samples were diluted with HPLC grade water, centrifuged and then analyzed using HPLC.
Experimental design and statistical analysis
A 5-level-5-factor central composite rotatable design (CCRD), consisting of 32 experimental
points (16 factorial, 10 axial, and 6 central points) was employed in this study. All
experiments were randomly performed to avoid systematic errors an experimental data were
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analyzed using response surface method (RSM) (Stojanović et al., 2013) The least-squares
method was employed for the response function coefficient calculation and their statistical
significance evaluation. Only the significant terms (p ≤ 0.05) were considered for the final
reduced model. Adequacy of the obtained model was determined by the Fisher test.
Moreover, Student distribution was used to evaluate the significance of the coefficients.
MATLAB 7.0 (Mathworks Inc., Natrick, USA) was used for this analysis.
The experimental factors were analyzed in following ranges: lactose concentration (40-200
mM), galactitol to lactose molar ratio (1-7), enzyme concentration (0.2-1 mg/ml), NaCl
concentration (0-1M) and reaction time (0.5-6.5h), where the factor ranges were chosen on
the basis of preliminary conducted experiments, as well as literature survey.
HPLC analysis
Quantitative analysis of the samples was performed using Dionex Ultimate 3000 Thermo
Scientific HPLC system (Waltham, USA). Different sugars were separated with carbohydrate
column (Hyper REZ XP Carbohydrate Ca2+, 300 mm×7.7 mm, 8 µm) operating on 80 °C.
Deionized water was used as the mobile phase with an elution rate 0.6 ml/min during the
analysis. Detection was performed by RI detector RefractoMax 520, (ERC, Germany), and all
data acquisition and processing was done using Chromeleon Software.

RESULTS AND DISCUSSION
Enzymatic synthesis of galactitol galactoside, as stated before, represents a rather difficult
task, bearing in mind that several reactions, namely lactose hydrolysis, GOS and galactitol
galactoside synthesis and hydrolysis, take place at the same time. Hence, it is of crucial
importance to perform an extensive optimization of several reaction parameters taking into
consideration all possible interactions between these parameters.
At the beginning, experimental design was employed to determine optimal values of key
reaction factors, namely lactose concentration (X1), substrate molar ratio (X2), enzyme
concentration (X3), NaCl concentration (X4) and reaction time (X5), in view of maximizing the
galactoside production. The correlation between experimental results and regression model
was determined using Fisher test (F=2.22) and subsequently, Student test was performed in
order to evaluate the significance of model coefficients. After the elimination of insignificant
coefficients regression model (Eq. 2) was derived.
2

Y = 15.4 + 3.78X 1 1.55X 2 + 0.9X 4 - 0.37X 5 - 1.29X 5 + 1.21X 1X 2

1.35X 4 X 5 (2)

As it can be clearly seen from the Eq. 2, all the linear regression coefficients, except the β3,
are significant, meaning that the enzyme concentration in the examined range does not play
an important role in maximizing the galactoside yield. The only significant quadratic
regression coefficient is β55, indicating that reaction time impact on the yield, due to the
negative coefficient value, can be described as a quadratic function with a maximum. It may
also be noted that the interaction coefficients β12 and β45 are significant, resulting in positive
interactions between lactose concentration and the molar ratio and the concentration of NaCl
and reaction time. The influences of these factors on the product yield are presented as
response surface diagrams (Fig 1).
The Fig. 1a shows the influence of the concentration of lactose and the substrate molar ratio
on the product yield. Both parameters have a positive effect, since their higher
concentrations increase the availability of alternative acceptors, and promote
transgalactosylation and consequently suppress the reaction of hydrolysis. Also, positive
interaction between these parameters shows that with the increase of molar ratio and
concentration of lactose, product concentration increases. Likewise, the salt concentration
has a positive effect on product yield (Fig. 1b) in the whole examined range, since higher
concentrations can bind more water molecules and suppress the hydrolysis reaction.
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Figure 1. The response surface plots: (a) interactive effect of substrate molar ratio and lactose
concentration on the concentration of galactitol galactoside. Other factors were fixed at: X 3=−2; X4=2,
X5=2, (b) interactive effect of reaction time and NaCl concentration on the concentration of galactitol
galactoside. Other factors were fixed at: X1=2; X2=2, X3=-2

Figure 2. The response surface plots: (a) interactive effect of reaction time and lactose concentration
on the productivity. Other factors were fixed at: X2=2; X3=-2, X4=2, (b) interactive effect of enzyme
concentration and the substrate molar ratio on the productivity. Other factors were fixed at: X1=2;
X4=2, X5=2, (c) interactive effect of reaction time and NaCl concentration on the productivity. Other
factors were fixed at: X1=2; X2=2, X3=-2

On the other hand, a function of time, as mentioned above, has its maximum in the range
investigated, when the highest concentration of the product is achieved. However, the
positive interaction existing with NaCl concentration, causes a shift of local maximum values
towards higher values at higher NaCl concentrations. Therefore, it can be concluded that the
optimum conditions for obtaining the maximum galactitol galactoside yields are: lactose
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concentration of 200 mm, the molar ratio of 7, NaCl concentration 1 M and reaction time
4,69h. In these conditions, the model of the predicted galactitol galactoside yield of
approximately 35 g/l.
Since the enzyme concentration proved to be insignificant factor in terms of product yield, it
was reasonable to examine the appropriate enzyme amount in order to develop the costeffective process. Therefore, we examined the influence of the same factors on the
galactoside specific productivity (g/g enzyme). After the employing above mentioned
statistical analysis, a new regression model (Eq. 3) was obtained.
2
2
Y = 25.85 + 6.68X 1 + 2.65X 2 - 9.53X 3 + 1.64X 4 - 0.81X 5 + 3.67X 3 - 2.39X 5 + 1.99X 1 X 5 + 1.77X 4 X 5 (3)

Scheme 1. Fumed nano-silica particle (FNS) modification with APTMS in terms of amino group
introduction, and subsequently immobilization of β-galactosidasevia adsorption

Interestingly, the two obtained models are quite similar. The only difference is the
significance of enzyme concentration. This factor has a positive quadratic coefficient (β33),
and can be described as the quadratic function with the local minimum, which is not
surprising because the higher productivity is achieved with less consumption of the enzyme.
It was also found that there is a positive interaction between the lactose concentration and
time, and between the concentration of NaCl and the reaction time (Fig. 2), similarly to the
first model.

Figure 3. Comparison of soluble and immobilized β-galactosidase relative yields and space-time yields
in galactitol galactoside synthesis

Finally, these results lead to the conclusion that in order to achieve the highest productivity,
optimal conditions should be: enzyme concentration 0.2 mg/ml, lactose concentration 200
mM, substrate molar ratio 7, NaCl concentration 1 M NaCl, and reaction time 4,52 h. The
predicted value of galactoside productivity was approximately 82 g/g enzyme.
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After determining the optimal conditions for galactitol galactoside synthesis, in order to
additionally improve economical aspects of the reaction, enzyme immobilization onto nanosilica particles was examined.
In order to improve biocompatibility between carrier and β-galactosidase, the introduction of
amino groups onto the FNS surface was employed to ensure the bond formation (hydrogen
bond, electrostatic interaction and weak van der Waals forces) between amino, carboxyl,
thiol and hydroxyl groups of enzyme molecules and introduced amino groups (Scheme 1).
Obtained AFNS particles were subjected to the immobilization under previously optimized
conditions. (Carevic et al., 2016) Nevertheless, owing to the highly developed specific
surface enabling approximately 230 mg proteins/g support, the obtained expressed activity
was 2087 IU/g support. Hence, the immobilization of β-galactosidase onto AFNS proved to
be justified since the high enzyme loadings and immobilized activities greatly exceed
previously reported values with macroporous supports.
Finally, in the last experimental series transgalactosylation activity of immobilized enzyme
was evaluated in comparison to soluble enzyme, to assay the shift of enzyme selectivity and
test possible mass transfer limitations. The reaction of galactitol galactoside synthesis was
performed under previously determined optimal conditions, using both soluble and
immobilized enzyme preparations featuring same hydrolytic activity potential (2 IU), and
obtained product yields were compared (Fig. 3). Maximum obtained product concentrations
were similar in both cases, however the reaction time needed to achieve these values were
quite different. Namely, the reaction time for the immobilized enzyme was approximately 2
times shorter, hence its space-time yield for immobilized enzyme was two times greater.
Therefore, it seems that immobilization of enzyme on AFNS shifts selectivity of βgalactosidase towards galactitol galactoside synthesis, and imposed mass transfer
limitations are obviously negligible.

CONCLUSIONS
In this study, optimization of the new potential prebiotic compound (galactitol galactoside)
synthesis was undertaken using RSM. Taking into account two different outputs (product
yield and productivity) the optimal values, namely lactose concentration 200 mM, the molar
ratio 7, enzyme concentration 0.2 mg/ml, NaCl concentration 1M, and the reaction time 4.69
h, were found. Further on, the possibility of process enhancement trough immobilized
enzyme employment was assessed. The immobilization of β-galactosidase was performed
onto modified nano-silica particles featuring amino groups, and it showed two very useful
properties which could be beneficial for future application: extremely high activity, and more
importantly higher affinity towards catalysing transgalactosylation reaction. Therefore, the
findings of this study could be a valuable contribution to the development of potentially
efficient production of physiologically active galactoside in immobilized enzyme reactors.

ACKNOWLEDGEMENTS
Research was financed by the Ministry of Education, Science and Technological
Development of Republic of Serbia through funding Project III 46010, III 45019, and 172013.

REFERENCES
Banjanac, K., Mihailović, M., Prlainović, N., Stojanović, M., Carević, M., Marinković, A., Bezbradica, D. (2016).
Cyanuric chloride functionalized silica nanoparticles for covalent immobilization of lipase. Journal of
Chemical Technology and Biotechnology, 91 (2) 439-448.
Carević, M., Ćorović, M., Mihailović, M., Banjanac, K., Milisavljević, A., Veličković, D., Bezbradica, D. (2016).
Galacto-oligosaccharide synthesis using chemically modified β-galactosidase from Aspergillus oryzae
immobilised onto macroporous amino resin. International Dairy Journal, 54 (1) 50-57.

198

III International Congress “Food Technology, Quality and Safety”
Gosling, A., Stevens, G.W., Barber, A.R., Kentish, S.E., Gras, S.L. (2010). Document Recent advances
refining galactooligosaccharide production from lactose. Food Chemistry, 121 (2) 307-318.
Klewicki, R. (2007a). Formation of gal-sorbitol during lactose hydrolysis with β-galactosidase. Food Chemistry,
100 (3) 1196-1201.
Klewicki, R. (2007b). The stability of gal-polyols and oligosaccharides during pasteurization at a low pH. LWT Food Science and Technology, 40 (7). 1259-1265.
Nath, A., Verasztó, B., Basak, S., Koris, A., Kovács, Z., Vatai, G. (2015). Synthesis of Lactose-Derived
Nutraceuticals from Dairy Waste Whey—a Review. Food and Bioprocess Technology, 9 (1) 16-48.
Panesar, P.S., Kumari, S., Panesar, R. (2010). Potential applications of immobilized β-galactosidase in food
processing industries. Enzyme Research, 2010 (1) 473137.
Perotti, M.C., Verónica, W.I., Inés, V.C., Viviana, B.C. (2012). Dairy products modified in their lactose content.
Current Nutrition and Food Science, 8 (1) 8-18.
Stojanović, M., Velićković, D., Dimitrijević, A., Milosavić, N., Knežević-Jugović, Z., Bezbradica, D. (2013).
Lipase-catalyzed synthesis of ascorbyl oleate in acetone: Optimization of reaction conditions and lipase
reusability. Journal of Oleo Science, 62 (8) 591-603.

199

III International Congress “Food Technology, Quality and Safety”

MOLECULAR IDENTIFICATION OF PLANT GROWTH PROMOTING BACILLUS
SPECIES ISOLATED FROM THE SOIL IN VOJVODINA
1

1

1

2

1

Dragana Bjelić , Maja Ignjatov , Jelena Marinković , Tatjana Popović , Zorica Nikolić , Jelica
1
2
Gvozdanović-Varga , Žarko Ivanović
1

Institute of Field and Vegetable Crops, Maksima Gorkog 30, 21000 Novi Sad, Serbia
Institute for Plant Protection and Environment, Teodora Drajzera 9, 11000 Belgrade, Serbia

2

*Corresponding author:
E-mail address: dragana.bjelic@nsseme.com

ABSTRACT
Bacillus species are the predominant soil bacteria because of their resistant-endospore formation and
the production of a wide variety of metabolites with antimicrobial activity. The aim of this study was to
identify Bacillus species on the basis of morphological and molecular characteristics. Eleven isolates
of Bacillus were obtained from the soil samples collected at different locations in Vojvodina Province,
Serbia. Soil sample collection included the rhizosphere of plants, agricultural, non-agricultural, and
forest soils. Following DNA extraction, a partial 16S rDNA gene sequence from the isolates was
amplified by PCR using universal primers fD1 (27F) and rP3 (1492R). Purification and sequencing of
the amplified fragments was done in the company Macrogen, Seoul, South Korea. Each strain was
deposited in the NCBI GenBank database under a unique accession number. Sequences were
analyzed in the program FinchTV (Version 1.4.0) and compared to sequences in GenBank and the
Bacillus ID-database for identification. Comparison of the sequences with the Bacillus ID-database
showed that three strains were identified as Lysinibacillus fusiformis (B1, B4, B10), two as Bacillus
pumilus (B3, B11), Bacillus subtilis (B5, B7) and Bacillus megaterium (B8, B9), and one strain as
Bacillus safensis (B2) and Bacillus cereus (B6). Identification of Bacillus species from soil in Vojvodina
is of great importance because most of the strains exhibit multiple plant growth promoting traits and
might be useful in formulating new inoculants, thus enabling an environmentally friendly and more
profitable alternative for biological control of plant diseases and improvement of the cropping systems.
Keywords: Bacillus, biological control, identification, plant growth promotion, soil

INTRODUCTION
Plant-microbe interactions in the soil are one of the main determinants of plant health,
productivity and soil fertility. Although the mechanisms of bacteria-mediated plant growth
promotion are not completely identified, the so-called plant growth-promoting bacteria
(PGPB) have been reported to facilitate plant growth either directly, by assisting in nutrient
acquisition and modulating plant hormone levels, or indirectly by decreasing the inhibitory
effects of various pathogens on plant growth and development (Lugtenberg and Kamilova,
2009; de Suoza et al., 2015).
Strains of the genus Bacillus are among the most commonly reported PGPB (Compant et al.,
2005). Due to their capability to form extremely resistant spores and produce a wide variety
of metabolites with antimicrobial activity, members of the Bacillus genus are generally found
in soil and they are suitable for most industrial applications and biotechnological uses. The
beneficial effect of Bacillus, applied alone or in mixture with other PGPB strains, on growth
and yield of various field and vegetable crops was reported by numerous authors (Kloepper
et al., 2004). Promotion of plant growth by Bacillus inoculation is a result of a wide variety of
mechanisms such as biological nitrogen fixation, phosphate solubilization and production of
growth regulators, antibacterial and antifungal compounds (Choudhary and Johri, 2009).
Commercialized Bacillus strains include large and diverse physiological group of
nonpathogenic bacteria such as Bacillus firmus, Bacillus licheniformis, Bacillus megaterium,
Bacillus mucilaginosus, Bacillus pumilus, Bacillus spp., Bacillus subtilis, Bacillus subtilis var.
amyloliquefaciens (Borriss, 2011).
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Despite the variability within the plant growth promoting properties in different species, most
of the strains that exhibit multiple PGP traits might be useful in formulating new inoculants.
However, the proportion of PGPB in natural population is very small, and only 2 to 5% of
these bacteria exert a beneficial effect on plant growth when reintroduced in a soil containing
competitive microflora (Ahemad and Kibret, 2014). Search for effective strains, prior to plant
growth promoting characterization and inoculation assays in laboratory and field, require
isolation and identification of desirable PGPB species. Therefore, the aim of this study was to
perform identification of Bacillus species isolated from soil in Vojvodina on the basis of
morphological and molecular characteristics.

MATERIAL AND METHODS
Soil Sample Collection
Different soil samples were randomly collected from various parts of Vojvodina province
(northern Serbia). Several diverse locations were selected for the collection of soil samples,
which included the rhizosphere of plants, agricultural and non-agricultural soils. Soil samples
differed in their cropping and tillage history, physical and chemical properties. Samples were
taken up to a depth of 20 cm after removing approximately 3 cm of the soil surface, placed in
sterilized polythene bags and then taken to the laboratory and dried for 4 days. Large roots
and stones were removed, and the remainder was passed through an autoclave-sterilized
brass sieve with a 2 mm aperture size and then stored at 4°C until further examination.
Isolation of Bacillus sp.
Soil dilutions were prepared with 10 grams of each soil sample suspended in 90 ml of sterile
distilled water (SDW) and shaken at the shaking rate of 150 rpm (on Edmund Bühler Shaker
SM-30 B) for 30 min. The soil suspensions were serially diluted in SDW, and then a 1 ml
aliquot of each dilution (103-106) was pipetted out, poured into a petri dish, and plated on a
sterile nutrient agar (NA) medium. The plates were incubated for 24-48 hrs at optimal
temperature of 28±2 °C and morphologically different colonies appearing on the medium
were isolated and recultivated a few times to obtain pure cultures. These cultures were
stocked in a nutrient broth at 4 °C, or maintained at -80°C in nutrient broth supplemented
with 20% glycerol for long term storage.
DNA extraction and molecular species identification
Bacillus isolates for DNA extraction were grown on NA plates for 24h. DNA was extracted
using a DNeasy Mini Kit (QIAGEN Inc., Hilden, Germany), according to the manufacturer’s
recommendations. For the amplification of 16S rDNA gene fragments, primers fD1 (27F)
(AGAGTTTGATCMTGGCTCAG) and rP3 (1492R) (TACGGYTACCTTGTTACGACTT) was
used (Weisburg et al., 1991). The polymerase chain reaction (PCR) was done in 25-μl
aliquots using S-thermal cycler (Eppendorf, Germany) (Table 1).
Table 1. PCR protocol
Components
2x MMix (Eppendorf)
10μM Forward Primer
10μM Reverse Primer
Template DNA
Nuclease-free water

Final concentration
1x
0.2 μM
0.2 μM
~1,000 ng

25 μl reaction
12.5 μl
0.5 μl
0.5 μl
1 μl
10.5 μl

The PCR reactions were performed with an initial denaturation step at 94 °C for 5 min,
followed by 30 cycles of 94 °C for 30 s, 50 °C primer annealing for 1 min and 72 °C extension
for 30 s, followed by a final extension step at 72 °C for 7 min (Dimkic et al., 2013). Amplicons
were electrophoresed in 1.5% agarose gel (Invitrogen) with ethidium bromide.
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Purification and sequencing of the PCR-amplified DNA fragments was done in the company
MACROGEN, Seoul, South Korea (http://dna.macrogen.com). FinchTV Version 1.4.0. was
used for sequence analysis, and nucleotide sequences were filed in the GenBank Database
at the National Center for Biotechnology Information (NCBI).
Sequences of the isolated and related Bacillus species were downloaded from the GenBank
NCBI Database, and subjected to phylogenetic analysis using Neighbor-Joining (NJ) method
within MEGA 7 (http://www.megasoftware.net; Kumar et al., 2016).

RESULTS AND DISCUSSION
This study confirmed the presence of Bacillus sp. in soil samples collected at different
locations in Vojvodina province. Based on the morphological characteristics of isolates,
species of Bacillus are characterized as Gram-positive, motile by peritrichous flagella,
aerobic or facultatively anaerobic and usually catalase-positive. Cells are rod-shaped and
straight, often arranged in pairs or chains, with rounded or squared ends. Colonies are
round, with entire or wavy margins, typically cream and dry or pasty looking, but some
species form very mucoid colonies. With endospores and wide diversity of physiological
ability, Bacillus is very resistant to many adverse conditions and commonly found in a wide
range of habitats, including soil.
The genus Bacillus was established in 1872 by Cohn and encompasses over 200 described
species and subspecies belonging to the Firmicutes phylum. The species differentiation is
difficult because of their large number and often incomplete descriptions of a newly-reported
species. In this study, identification of Bacillus isolates based on 16S rDNA homology was
performed using PCR with the universal primers 27F and 1492R. The primer pair fD1 (27F)
and rP3 (1492R) is probably the most widely used primer pair for amplification of a
taxonomically diverse eubacterial 16S rDNA gene fragments by PCR (Weisburg et al., 1991).
The presence of amplicon of ~1460 bp in size in all investigated samples was confirmed by
comparing the amplified DNA fragments with the marker and negative control (Figure 1).

Figure 1. Products of amplification of DNA fragment of 1460 bp: (M) PCR marker
(Step Ladder, 50-1500 bp); Samples: B1-B11; b-blank

Bacillus species are the predominant soil bacteria, most commonly found in soil and plant
rhizosphere. In this study, strains identified as B. megaterium, B. subtilis and B. pumilus were
isolated from the rhizosphere and agricultural soil, while strains identified as L. fusiformis, B.
safensis and B. cereus were isolated mainly from non-agricultural soil. Using PCR system for
studying the diversity of Bacillus species and related taxa directly from agricultural soil,
Garbeva et al. (2003) found that up to 95% of the sequences of gram-positive bacteria
originating from putative Bacillus species such as B. mycoides, B. pumilus, B. megaterium,
B. thuringiensis, and B. firmus, as well as to related taxa such as Paenibacillus. Differences
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in the Bacillus-related community structures in different soil types and management regimes,
suggest the influence of environmental factors on diversity of endospore-forming bacteria in
soil (Mandic-Mulec and Prosser, 2011). In study of Jafari et al. (2013), identification of
Bacillus isolates also showed a great biodiversity among soil samples, which were distributed
among different species.
Comparison of the sequences with the Bacillus ID-database showed that three strains were
identified as Lysinibacillus fusiformis (B1, B4, B10), two as Bacillus pumilus (B3, B11),
Bacillus subtilis (B5, B7) and Bacillus megaterium (B8, B9), and one strain as Bacillus
safensis (B2) and Bacillus cereus (B6) (Table 2). BLASTn queries of GenBank and the
Bacillus ID-database, showed 100% identity to L. fusiformis, B. pumilus, B. subtilis, B.
megaterium, B. safensis and B. cereus to accessions HQ610620.1, KP192031.1,
KR780430.1, KU851253.1, KJ542766.1 and KX035061.1, respectively.

Isolate

Table 2. Isolates of Bacillus species from soil in Vojvodina

B1
B2
B3
B4
B5
B6
B7
B8
B9
B10
B11

Isolation source

Locality

Bacillus species

Acc No.

Agricultural soil
Non-agricultural soil
Rhizosphere (wheat)
Non-agricultural soil
Rhizosphere (sunflower)
Non-agricultural soil
Rhizosphere (maize)
Rhizosphere (pepper)
Rhizosphere (alfalfa)
Non-agricultural soil
Forest soil

Rumenka
Banatski Dvor
Bukovac
Petrovaradin
Bački Petrovac
Šangaj
Rimski Šančevi
Rimski Šančevi
Perlez
Pančevo
Vršačka kula

Lysinibacillus fusiformis
Bacillus safensis
Bacillus pumilus
Lysinibacillus fusiformis
Bacillus subtilis
Bacillus cereus
Bacillus subtilis
Bacillus megaterium
Bacillus megaterium
Lysinibacillus fusiformis
Bacillus pumilus

KU953922
KU953932
KU953923
KU953924
KU953925
KU953926
KU953927
KU953928
KU953929
KU953930
KU953931

Phylogenetic analysis involved 17 nucleotide sequences of the isolated and related Bacillus
species, downloaded from the GenBank NCBI Database with accession numbers given
within brackets (Figure 2). Sequences were aligned using Clustal W, and phylogenetic
inferences were obtained using Neighbor-Joining (NJ) method within MEGA 7
(http://www.megasoftware.net). All positions containing gaps and missing data were
eliminated, so there were a total of 1311 positions in the final dataset. Goto et al. (2000) used
partial 16S rDNA sequence for rapid identification of Bacillus species. Then Xu and Cote
(2003) used 3’ end 16S rDNA and 5’ end 16S-23S ITS nucleotide sequences to infer
phylogenetic relationships among Bacillus species and related genera. Nowadays 16S rDNA
is a vital standard for taxonomy of the bacteria. Neighbor-Joining, maximum-parsimony,
minimum-evolution, maximum-likelihood and Bayesian phylogenetic trees constructed on the
basis of 16S rDNA sequences of type strains of Bacillus species and related taxa, confirmed
that Group 1 contained B. subtilis, B. pumilus and B. safensis type species of Bacillus, while
B. cereus and B. megaterium were clustered in Group 2 (Wang and Sun, 2009). However, it
has been difficult to resolve solely on the basis of 16S rRNA gene phylogeny whether B.
megaterium is more closely related to B. cereus and its relatives or to B. subtilis and its
relatives, which was obtained in this study. Trees showing all three possible relationships
between these groups have been published recently (Kolsto et al., 2009; Porwal et al., 2009;
Wang and Sun, 2009). Bacteria of B. pumilus belong to the B. subtilis group, and contain five
related species: B. pumilus, B. safensis, B. stratosphericus, B. altitudinis, and B. aerophilus.
These species are difficult to distinguish due to their 99.5% similarity in their 16S rRNA gene
sequence. Recently, an alternative method to differentiate between these closely related
species, especially B. pumilus and B. safensis was reported (Wang et al., 2007). According
to Stackebrandt and Swiderski (2002), the four different lineages of Bacillus species: B.
globisporus and relatives, including the Lysinibacillus fusiformis, originally known as Bacillus
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fusiformis, would have to be described as novel genera in order to make classification
consistent with phylogeny.

Figure 2. Phylogenetic analysis by Neighbor-Joining (NJ) method

It is well known that mentioned Bacillus species, in particular B. subtilis, B. megaterium, B.
pumilus and B. cereus, produce a large number of peptide antibiotics, as well as low
molecular weight volatile compounds and several lipopeptides with specific activities against
phytopathogenic fungi (Almaghrabi et al., 2013; Chaves-Lopez et al., 2015). These bacteria
competitively colonize the roots of plant, stimulate soil microbial activity through regulation of
soil bacterial community structure, and can act as biofertilizers and/or antagonists
(biopesticides) or both simultaneously (Podile and Kishore, 2006; Borriss, 2011).

CONCLUSIONS
This study confirmed the presence of Bacillus sp. in soil samples collected at different
locations in Vojvodina province. Although a wide range of beneficial bacteria are applied as
PGPB for enhancement of plant growth and disease control, spore-forming Bacillus are
preferred because their long-term viability facilitates the development of commercial
products. However, in order to develop the best perfoming Bacillus strains for commercial
applications, further selection through PGP screening and field trials will be necessary to
establish their efficiency in certain environmental conditions and different crops.
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ABSTRACT
Weaknesses of current monomedium aproach of environmental exposure limits determination for socalled „threshold substances“, independently for water and food, are analyzed from the aspect of
impact on the human health. Using the examples of mercury pollution in two geographic areas, the
inconsistency and ineffectiveness of the risk assessment for the people is demonstrated if exposure
limits are derived for each environmental medium independently. Using the example of air,water and
food pollution by phenol in two areas, an attempt is made to prove that different exposure limits can be
justifiably used for the same environmental pollutant in the same environmental medium if the
multimedia approach is applied for deriving exposure limits. It is not necessary to apply the same
exposure limit for a pollutant in an environmental medium neglecting exposure levels in other media;
not to exceed the tolerable daily intake of the chemical in the human organism from all environmental
media is essential.
Keywords: people, environmental, mercury, phenol.

INTRODUCTION
The purpose of determination of the most limit values of the environmental pollutants is to
give the base for the human health protection from the negative effects caused by exposure
to those elements. Such limit values are chosen in a way that there is small probability of the
negative health effects along with the level of exposure below those values. The negative
impact on the human health is, in that context, mostly defined as disorder of physiological
functions or occurrence of pathological changes which affect normal functioning of the body
or which may contribute to the reduced body capacity to be protected from the additional
burdening (Djukic, 2008).
The limit values are mostly made based on the assumptions of negligible or acceptable risk
for the body. The risk is the statistical concept. It is assessed based on the exposure level
and exposure-effect or the exposure level and exposure-response, namely “dose-response”
and “dose-effect”.
There are two types of effects:
 The threshold effects, i.e. the intensity effects, namely the frequency which is falling
down with the reduced exposure, namely the dose, and which are most frequently
brought to the zero before the exposure level, namely the dose reaches zero (the
exposure level reached the limit value below which there are no effects),
 The non-threshold effects, i.e. the effects without limit values, namely there isn’t such
a low level of the exposure which might cause the effect (any exposure may cause
the effect, e.g. the cancerogenic effects based on gene toxicology).
The limit values for the first type of effects are obtained from the curve of the dose-response
and dose-effect and the effects from which NOAEL (“no-observed-adverse-effect-level”,
“exposure level without effects”). Such a level is mostly obtained based on experiments with
animals, but it may also be obtained applying the epidemiological testing with people. The
limit values are nowadays made for each medium of the environment independently,
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practically not taking into account the presence of the same polluting matter in other
environmental medium (Peirce et al., 1999).
THE MOST FREQUENT IMPACT OF THE ENVIRONMENTAL POLLUTANTS ON THE HUMAN
HEALTH

There are a lot of environmental pollutants which may cause changes in the function of the
people body. The simplified overview of the most frequent effects they cause is presented in
the Tables 1-2 (Valic, 2001).
In the Table 1, some pollutants of food and water are presented which can cause the health
effects with persons going in for different activities. Pollution of water and food still causes
most of illnesses among all environmental pollutants.
Table 1. Pollution of water and food
Pollutants
Effects
Bacteria

Gastrointestinal infections (typhus, cholera, shigellosis,salmonellosis)

Viruses

Hepatitis, conjunctivitis

Protozoa and metazoan

Amoebiasis, schistosomiasis, hydatidose, arsenom, chromo

Metals

Pollution with lead, mercury, cadmium, arsen, chromo

Nitrates and nitrites

Methemoglobinemia

Nitrosamine

Mutagens and cancerogenic effects

Fluorides

Effects on teeth and bones

Oil, phenols

Reduced water drinkability

Health of the people dealing with different types of activities may be jeopardized by direct
ingestion of water or through the skin or through the food. As shown by the Table 1, the most
important are biological pollutants taken by ingestion, through the skin or vectors and
chemical pollutants which are most frequently the consequence of the water pollution caused
by the industrial waste (Djukic, 2009).
The food may be polluted in the whole chain from the raw material, through the processing,
transport, storage and distribution to the handling while preparing some meals, and also with
water which is used in this process. The main groups are biological pollution (the
consequence of the food contact with bacteria, viruses, fungi, helminthes and protozoa) and
chemical pollution (especially metals, polychlorinated biphenyl and organic phosphor,
organic chlorinated and carbamate pesticide), but one should also take into account some
natural pollution such as hepatotoxic and canceroreginic aflatoxin cause by some fungi.
Table 2. Pollution of soil
Pollutants

Effects

Excretes of man

Schistosomiasis, teniasis, ancilostomiase

Household waste

Presence of the illness transmitters

Rubbish and transmitters
in the rubbish

Illnesses transmitted by rodents, illnesses transmitted by insects
Water and air pollution due to bad putting down

Industrial waste

Effects of metal and other pollution through the food chain

Fertilizers

Pollution of surface and underground water

Pesticides

Pollution of vegetation and entrance to the food chain
Pollution of the surface and underground water
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Soil pollution with biological pollutants is still among important causes of infections in rural
and semi-rural areas especially in poorly developed areas (schistosomiasis, leptospirosis,
anthrax, Q fever, mycosis, tetanus, botulism), while the soil pollution with poisonous
chemicals, which are more and more applied in agriculture (fertilizers and pesticides) and
industry (waste material), danger for the human health in developed countries. The main
pollutants of soil and relevant effects are presented in the Table 2. (Djukic, 2013)
Applying the example of mercury in main environmental media, the aim of this work is to
show the inconsistency and inefficiency of the assessment of the people vulnerability from
pollution causing the threshold effects, provided that the standards were made in the
proceeding for each medium separately (mono medium approach).
The amount of bioavailable mercury was calculated, along with the exposure to the limit
concentrations in the environmental media (daily intake from – water and food- Rwater, Rfood,
respectively).

METHODS
For the intakes calculation, the following values are assumed: 64 kg as the average weight
of people 22 m3 as the average volume of air inhaled daily, and 3 L as the average volume of
the daily consumed water. The most frequently used limit concentrations for mercury are 1
μg/L for drinking water and 0.02-0.5 μg/g for different food components (Table 3).
Daily mercury intake by is calculated in the following way:
Rwater = limit concentration in drinking water x average daily amount of the consumed drinking
water x absorption of the inorganic mercury from the digestive system (<10%( WHO-Mercury
in drinking water,2005))
Daily mercury intake by food consumption is estimated as follows:
Rfood = sum of products of average daily consumption of food of vegetal and animal origin of
an adult and limit concentration of mercury in these food items x organic linked mercury (the
relative amount of the inorganic related mercury in food of 80% is assumed (WHO-Mercury
in drinking water, 2005)).

RESULTS AND DISCUSSION
Daily mercury intake by water consumption, Rwater, calculated according to the above
mentioned equation is 0.3 μg (=1 μg/L x 3 L x 0.1).
Table 3. shows the tolerable daily intake of mercury with food and the values used for its
assessment. Average daily consumption rates of different food items are taken from the
assessment of the International Commission for Radiological Protection based on the
analyses in seven geographic areas. The absorption of the inorganically linked mercury from
digestive system is 10%, while it is 95% when it is about the organically linked one.
Accordingly, the total daily intake of bioavailable mercury through food consumption is:
Rfood = 52 x 0.1 x 0.8(inorg. Hg) + 52 x 0.95 x 0,3(org. Hg)=19 μg/day
Since the Rwater and Rfood are the calculated values of the amount of mercury retained in
organisms of wit persons exposed to the limit mercury concentrations in those media, it can
be concluded that they should be at maximum daily tolerable intakes of retained mercury in
the body, below which the negative effects should not be expected. Differences between
those calculated values ( 0.3 μg/day; 19 μg/day) are not small, so it is difficult to accept that
both 0.3 μg/day and 19 μg/day are the values that are in the ratio 1:64 acceptable at
maximum tolerable retained mercury amounts in the body, i.e. the ones above which the
negative impacts may be expected. However, if those values are accepted, it is understood
that total daily tolerable intake of mercury in the body from water and food 0.3+19 =19.3
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μg/day. Provisional tolerable weekly intakes (PTWIs) established by the Joint FAO/WHO
Expert Committee on Food Additives (JECFA) are 1.6 μg/kg body weight (b.w.) for
methylmercury and of 4 μg/kg b.w. for inorganic mercury.
Table 3. Tolerable daily intake of mercury in the body with food
Food

Average daily
consumpion
(g/day)

Tolerable
concentration
(μg/g)

Tolerable daily
intake
(μg/day)

Meat

125

0.03

3.7

Fat and oil

31

0.3

9.3

Fish

23

0.5

11.0

Eggs

19

0.05

0.95

Milk and products

360

0.02

7.2

Cereals, flour, rice

323

0.04

12.0

Vegetables, fruit

325

0.02

6.5

Total

50.65

Table 4. Concentration and retention of mercury in two areasA and B
Area
Water
Fish (50g/day)
Concentration
A

100 μg/L

0.5 μg/g

B

10 μg/L

0.4 μg/g

Daily intake in the body
A

2L x 100μg/Lx0.1
=20μg

50gx0.5μg/gx0.95
=24μg

B

=2μg

=19μg

Total daily retention (μg/day)
Area A:20+24=44

Area B:2+19=21

In Table 4, there are real situations in two areas,A and B, in which the exposure to mercury
above the limit concentrations is proven. In those areas, the fish consumption with relatively
high concentration of mercury is significant (50 g/day); in other kinds of food, the content of
mercury is negligible.
With the same average consumption of fish, in which the mercury content is more than 0.15
μg/g (reduction: 50 g of fish x 0.35 x 0.95 =17 μg/day) also apart from the standard
monomedia limit concentaration of mercury for fish of 0.5 μg/g, should be excluded from
human consumption. Another possibility would be to reduce the consumption of fish to one
third of the current (the required reduction of consumption: 16:/0.5 x 0.95/= 34 g, so to 5034=16 g/day namely 112 g/week), which is simpler solution that trying to reduce other Hgsource in the environment (like the levels in the air).
Total daily intake assessed for the Area B is much less than maximum tolerable (21 μg/day <
32 μg/d), so the situation regarding the considered environmental media is acceptable.
However, the application of monomedia standard approach should significantly decrease the
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mercury concentration in the drinking water which is 10 times more than the one allowed by
the standard (10 μg/L : 1 μg/L).
In the multimedia approach to determination of standard, the excess of the limit values (10
μg/L : 1 μg/L) in one media would be allowed, provided that concentrations in other ones are
considerably lower than the limit ones, everything provided that the maximum tolerable total
daily retention of the polluting matter in the people body from all environmental media is not
exceeded.
Applying the phenol example, we show how to conduct and apply in a justified way different
limit concentrations for the same matter in the same media applying multimedial approach to
development of standard. In the Table 5, there are assumed concentrations of phenols in
three environmental media in two areas:
Table 5. Concentration of phenol in two areas
Atmosphere
Water
Area
3
(μg/m
(μg/L)
a

Smoked meat
(μg/g)

b

A

3

1

B

104

d

2
e

10

c

18

f

In the Table 6, there are the calculated average daily intakes of phenol in the body. Since
the phenol absorption in the body from all media is high, quick and roughly equal, the full
absorption was practically assumed.
Table 6. Calculated daily intakes of phenol from some media in the body expessed in μg/kg of body
weight
Media

Area A

Area B

Atmosphere
Water
Smoked meat
(200 g sed.)

Total daily intake of phenol in the body in the Area A is 1.03 + 0.03 + 0.89 = 1,95 μg/kg/day,
while a relative daily intake from some media is 1.03/1.95 x 100 = 52.8% from air, 0,03/1.95 x
100 = 1.5% from water, and 0,89/1.95 x 100 = 45.6% from food.
Total daily intake of phenol in the Area B is 35.8 + 0.3 + 8.0 = 44.1 μg/kg/day, while a relative
daily intake is 35.8/44.1 x 100 = 81.2% from air, 0.34/44.1 x 100 = 0.7% from water, and
8.0/44.1 x 100 = 18.1% from food.
Maximum tolerable total daily intake of phenol in the body (toxicologically assessed based on
the tests applied with rats and extrapolated to the man) is 60 μg/kg/day.

CONCLUSIONS
Limit concentrations of pollutants in some environmental media should not be equal in all
geographical areas as it is today, being the consequence of the monomedia approach to
making those values. Such limit concentration in one media may be higher, whil concurrently
the concentrations in another or other media are lower. It is important not only for estimating
the vulnerability of the people but especially for eliminating the vulnerability. Reduction of the
pollution concentration in the media may be chosen or any combination of procedures
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provided that the total intake in the body of the people does not exceed the intake
toxicologically assessed as tolerable.
In the multimedia approach of the standard development, the excess of the limit value in one
media would be allowed if the concentrations in other are considerably lower than the limit
ones.
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ABSTRACT
The possibility of using bismuth film electrode, as an alternative to toxic mercury electrodes, for
chronopotentiometric determination of the insecticide imidacloprid was investigated. The most
important plating parameters that influence the analytical performance of bismuth film electrode ex situ
plated on glassy carbon electrode (composition of plating solution, plating potential and time) were
optimized in accordance with imidacloprid analytical signal. It was found that bismuth film plated in the
3
3
acetate buffer pH 4.5 solution containing 500 mg/dm , at -0.54 V (vs. Ag/AgCl, 3.5 mol/dm ) for 60 s
yielded an electrode suitable for imidacloprid determination in a model system. Under these plating
conditions imidacloprid provided one well defined reduction peak at the potential of -0.85 V (vs.
3
Ag/AgCl, 3.5 mol/dm ). Developed chronopotentiometric method with bismuth film electrode could be
applied for imidacloprid determination in real samples.
Keywords: imidacloprid, bismuth film electrode, chronopotentiometry

INTRODUCTION
Pesticides have a crucial role in modern agricultural planting. They are extensively used for
crop protection against pests, diseases and weeds, thus contributing better productivity and
quality of treated crop. Unfortunately, pesticide residues which remain in the environment
after their application can cause serious health effects in humans (Gibbons et al., 2015;
Pestana et al., 2009).
Imidacloprid (1-(6-chloro-3-pyridylmethyl)-N-nitroimidazolidin-2-ylideneamine) has been one
of the most widely used neonicotinoid insecticides during recent decades (Chao and Casida,
1997). Imidacloprid is a polar compound, with high solubility in water, and water half-life time
of 30 to 162 days (Roberts and Hutson, 1999). At pH values corresponding to environmental
conditions, imidacloprid is persistent in water, but it can be rapidly degradated photolytically
(Roberts and Hutson, 1999). Due to its wide application, the fate of imidacloprid in the
environment, especially in drinking water, increasingly attracts public attention. Numerous
studies have shown that deleterious effects caused by imidacloprid can be fatal for humans,
as well as for animals (Gibbons et al., 2015; Lopez-Antia et al., 2015; Pestana et al., 2009;
Sanchez-Bayo and Goka, 2014; Stoughton et al., 2008). Therefore, development of a reliable
and sensitive analytical method for determination of this insecticide is of crucial importance.
Most previous methods used for pesticides determination, including imidacloprid, were
focused on liquid or gas chromatography (Dujaković et al., 2010; Marín et al., 2009; Masiá et
al., 2013; Vichapong et al., 2013; Weston et al., 2015). Even though these techniques have
plenty advantages, like low detection limit, they require complicated and expensive
equipment, and also, plenty of time is spent on sample pretreatment.
In the past, application of electroanalysis was used for the determination of heavy metals
content in various environmental samples. During last four decades, with the appearance of
“new analytes of interest”, the objectives of electroanalysis have changed significantly
(Švancara and Kalcher, 2014). Selection of the working electrode material represents a
crucial step in development of electroanalytical methods. Working electrode material should
allow high signal-to-noise ratio and reproducible response (Wang, 2006). Mercury electrodes
212

III International Congress “Food Technology, Quality and Safety”

have long been a very attractive choice due to many advantages, wide cathodic potential
window, highly reproductive, readily renewable, and smooth surface (Wang, 2006). Due to
similar analytical properties of bismuth film electrodes (BiFEs) to mercury electrodes, and the
fact that they are “environmental friendly”, BiFEs can undoubtedly serve as the most suitable
substitute for mercury electrodes. BiFEs are tipically prepared by electroplating of thin
bismuth layer on a suitable substrate, such as glassy carbon, carbon fibres, carbon paste,
graphite, graphite impregnated with wax, gold, platinium (Economou, 2005; Hočevar et al.,
2005). Numerous electroanalytical studies have proven that bismuth-film electrodes are
applicable for determination of different target analytes, primarily heavy metals (Bobrowski et
al., 2010; Hutton et al., 2003; Królicka and Bobrowski, 2004; Lin et al., 2005; Rocha et al.,
2015; Wang et al., 2000). Also, BiFE was applied for determination of certain organic
substances such as aromatic nitro-derivates (Asadpour-Zeynali and Najafi-Marandi, 2011;
Hutton et al., 2001), pesticides (de Figueiredo-Filho et al., 2010; Guzsvány et al., 2011:
Guzsvány et al., 2008), azo-dyes (Claux and Vittori, 2007;), vitamins (Kreft et al., 2012; Sá et
al., 2015), and drugs (Campestrini et al., 2010; Catarino et al., 2014; Nigović et al., 2009;
Sopha et al., 2012).
In this work we report the possible use of the BiFE for chronopotentiometric detection of
imidacloprid. Also, basic parameters for deposition of Bi film on glassy carbon electrode were
optimised in respect to imidacloprid reduction peak.

MATERIAL AND METHODS
Apparatus
All chronopotentiometric measurements were performed using M1 analyser for
potentiometric and chronopotentiometric analysis of domestic construction. The analyser was
connected to an Epson LQ-570 printer (Suwa, Nagano, Japan), and electrochemical cell.
The electrochemical cell consisted of a 50 cm3 glass vessel with tapered bottom, three
electrode system and electrical stick stirrer. Glassy carbon disc electrode (total surface area
of 7.07 mm2) was used as an inert support for BiFE. A platinium wire (φ = 0.7 mm, l = 7 mm)
served as a counter electrode, while the reference was Ag/AgCl (KCl, 3.5 mol/dm 3)
electrode. All values of the potential were shown versus Ag/AgCl (KCl, 3.5 mol/dm 3)
reference electrode.
Chemicals and reagents
All chemicals were of analytical grade purity. Aqueous solutions were prepared with double
distilled water. Stock solution of imidacloprid (0.4 g/dm3) was prepared by dissolving an
appropriate amount of solid standard (Dr. Ehrenstorfer, Augsburg, Germany) in double
distilled water. Bismuth stock solution (1.0 g/dm3 in 5 wt % nitric acid) was prepared by
dissolving bismuth nitrate pentahydrate (Carlo Erba, Italy) in 5% (w/w) HNO 3 (Merck,
Darmstadt, Germany). The Britton-Robinson buffer pH 9 was used as supporting electrolyte,
and it was prepared from an equal mixture of 0.04 mol/dm3 acetic, boric and ortophosphoric
acid (Lach-Ner, Brno, Czech Republic). The pH value of the buffer was adjusted using 0.2
mol/dm3 sodium hydroxide solution (Lach-Ner, Brno, Czech Republic). An acetate buffer
solution (0.1 mol/dm3, pH 4.5) served as the electrolyte solution for plating of the bismuth
film. Saturated solution of sulfite was prepared by dissolution of the appropriate amount of
sodium sulfite (Centrohem, Stara Pazova, Serbia) in double distilled water.
Procedure for chronopotentiometric measurements
For performing chronopotentiometric analysis electrochemical cell filled with 20 cm 3 of the
analyzed solution was used. Dissolved oxygen was removed from the solution by adding 0.8
cm3 of the saturated solution of sodium sulfite, and stirring the solution for 30 s. After the
equilibrium period of 10 s, chronopotentiograms were recorded by applying a reductive
constant current in the potential range from –0.49 V to –1.10 V.
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Preparation of BiFE
BiFE was prepared ex situ using an optimized plating procedure. Prior to plating, the surface
of the glassy carbon electrode was hand-polished using aluminium oxide slurry, gained by
mixing aluminium oxide (grain size 0.5 µm, Merck, Darmstadt, Germany) with double distilled
water, on a special cotton panel, until a mirror-like surface was obtained. For residual
particles removal the electrode was first wiped with filter paper wetted with acetone and then
with double distilled water, and finally it was sonicated in a mixture of double distilled water
and ethanol (1:2, v/v) for ten minutes. Afterwards, electrochemical pre-treatment was
performed by chronopotentiometric cycling between -0.70 V and 0.70 V (10 cycles) applying
the current of 7.0 µA, in the 0.01 mol/dm3 sulfuric acid. Glassy carbon electrode prepared this
way was used as an inert support for BiFE. The electrode was then rinsed with double
distilled water and placed in a plating solution consisting of acetate buffer solution and 500
mg/dm3 Bi(III) ions. The bismuth film was deposited by electrolysis at -0.54 V, for 60 s, while
stirring the solution (4000 rpm), in the presence of dissolved oxygen. Thin film of bismuth
was removed mechanically with filter paper wetted with acetone, and then with double
distilled water.

RESULTS AND DISCUSSION
Optimization of procedure for preparation of BiFE
Optimization experiments were carried out to find the best experimental conditions
(composition of the plating solution, plating potential and plating time) for formation of
bismuth film which provides BiFE suitable for chronopotentiometric determination of
imidacloprid. Imidacloprid undergous electrochemical reduction processes in acidic, neutral
and basic pH, with two consecutive steps, described in mercury electrodes (Navalón et al.,
1999). In the first step, the nitro group is reduced to corresponding hydroxylamine derivate,
and to corresponding amine derivate in the second step (Navalón et al., 1999).
Two different plating solutions for ex situ deposition of bismuth film were investigated. The
first was performed in a solution consisting of 0.02 mol/dm3 Bi(NO3)3, 1 mol/dm3 HCl and 0.5
mol/dm3 KBr (Guzsvány et al., 2006) with stirring of the solution. Two different plating
potentials were applied -0.25 V and -0.54 V, while investigated plating times were 60, 120,
180 and 240 s. The reduction peak of imidacloprid was highly influenced by the oxygen
reduction on the working electrode, indicating that dissolved oxygen had to be removed from
the analyzed solution. For removing of dissolved oxygen, chemical method with addition of
saturated solution of sodium sulfite was used. After addition of sulfite ion to the tested
solution, imidacloprid reduction peak was registered at the potential of -0.89 V, but only for
concentrations of the analyte higher than 15 mg/dm3. Also, on chronopotentiograms much
higher signal of imidacloprid was noticed at the potential of -1.2 V, which corresponds to the
imidacloprid reduction peak on glassy carbon electrode, suggesting that plated films were
thin, or not the entire surface of the glassy carbon was covered with bismuth.
The second solution for bismuth film plating consisted of acetate buffer solution pH 4.5
containing 500 mg/dm3 of Bi(III) ions. Investigated plating potentials were -0.25 V, -0.54 V,
-0.75 V and -1.00 V, with plating time of 60 s. As in the previous case, prior to detecting of
imidacloprid, removing of the dissolved oxygen was necessary. Also, signal of imidacloprid
was obtained at similar value of the potential at -0.85 V. Obtained values of imidacloprid
reduction time for 10 mg/dm3 and investigated values of plating potential are shown in Table
1. The lowest analytical signal of the analyte, with the worst reproducibility was obtained
when plating potential of -0.25 V was used. With more negative values of plating potential
reduction time of imidacloprid was higher. Considering the height (1.10 s) and sharpness of
obtained chronopotentiograms, and good reproducibility that was obtained, value of -0.54 V
was chosen as optimal value of plating potential. Further investigations related to the
selection of the optimal time for deposition of bismuth film, by applying deposition potential of
-0.54 V (Table 1). The lowest reduction time of the analyte with the worst reproducibility was
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observed by applying plating time of 30 s. By applying time of 60 s and 120 s, similar results
regarding reproducibility and reduction time, were obtained, but since slightly better
behaviour of the analyte on the working electrode was observed when plating time was 60 s,
this value was chosen as optimal. Chronopotentiogram of imidacloprid obtained for BiFE
deposited at -0.54 V, for 60 s is shown in Figure 1. Electrode deposited for 180 s gave the
highest signals, with poor reproducibility. By applying plating time of 240 s, obtained bismuth
films were unstable, and significant decrease of reduction time occurred (results are not
shown).
Table 1. Influence of the plating potential
3
concentration of 10 mg/dm
Plating potential (V), plating time 60 s
-0.25
-0.54
-0.75
-1.00
Plating time (s), plating potential -0.54 V
30
60
120
180

and time on the analytical signal of imidacloprid
Reduction time (s) ± 2SD
0.43 ± 0.04*
1.10 ± 0.07
1.25 ± 0.09
1.56 ± 0.13

RSD (%)
5.08
3.35
3.52
4.25

0.67 ± 0.10
1.10 ± 0.07
1.08 ± 0.09
1.97 ± 0.19

7.11
3.35
3.94
4.86

*Xmean ± 2SD, n = 5

3

Figure 1. Chronopotentiogram of 10 mg/dm of imidacloprid obtained in Britton-Robinson buffer pH 9

CONCLUSIONS
In this study the possibility of use BiFE, as a potential replacement for toxic mercury
electrodes, for determination of insecticide imidacloprid was presented. BiFE was prepared
ex situ at the glassy carbon electrode. Imidacloprid provided one well defined reduction peak
at potential of -0.85 V. It was observed that composition of plating solution, plating potential
and time heavily influenced the analyte signal.
The prerequisite for accomplishment of good electrode performance was the use of a plating
solution consisting of acetate buffer pH 4.5 containing 500 mg/dm3 Bi(III) ions. Also, plating
potential and time were optimized in accordance with imidacloprid analytical signal. Finally,
the use of chronopotentiometry in combination with BiFE can be used as a simple method for
sensitive determination of imidacloprid in water samples.
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ABSTRACT
Pepper seed generated as a waste from the food industry causing environmental problems has no
significant commercial uses despite the richness with valuable compounds. The pepper seed contains
high amounts of oil and fatty acids. Among the unsaturated fatty acids, the contents of linoleic and
oleic acid exceed 90%. Also, the hot pepper seed oil is rich with capsaicinoids as bioactive
compounds. Considering the chemical composition, the seed oil could be easily decomposed
accompanying with quality loss and reducing in the biological activity. In order to protect and use as
delivery systems for bioactive compounds, nanoencapsulation of the seed oil was evaluated.
In the present study, nanoemulsions containing seed oil from red hot pepper by using low and high
energy method, were developed. Seed oil was extracted with supercritical CO 2 at 400 bar and 40 ºC.
In the spontaneous emulsification as low energy method, mixtures of surfactants Span 80 and Tween
80 (SmixT80, HLB=10.7), and Span 80 and Tween 20 (SmixT20, HLB=11.32) were used. In the high
energy method, gelatin, lecithin and polyethylene glycol were applied. The droplet size and the droplet
size distribution, the zeta (ζ) potential and the polydispersity index (PDI) were determined. The stability
was evaluated after storage of 24h and 10 days at 4 and 25 ºC.
The results shown that average droplet size, PDI and ζ-potential remained fairly unchanged
throughout the storage period of 10 days at 4 °C. Slightly increasing in droplet size was determined in
the nanoemulsions obtained by SmixT80. Larger droplet sizes were measured for the nanoemulsions
formulated with SmixT20. The low energy method was suitable for preparation of the nanoemulsions
of hot red pepper seed oil. Based on ESEMs, spherical in shape and uniform in size oil droplets were
observed in nanoemulsions with seed oil and SmixT80.
Keywords: seed oil, nanoemulsions, surfactant, droplet size, stability

INTRODUCTION
Quality of pepper (Capsicum spp., Solanaceae) is evaluated by the quality attributes of
edible pericarp, where seed and stalk still are identified as waste obtained during processing
of pepper fruits. The characteristic compounds, capsaicinoids and carotenoids that are
responsible for the pungency and color characteristics, highlight the importance of the red
hot pepper and their products in the food and pharmaceutical industry (Simonovska et al.,
2014). In the group of the capsaicinoids, capsaicin is present in the highest quantity, followed
by dihydrocapsaicin. In the therapy of pain and other diseases such as obesity, diabetes,
cardiovascular and gastrointestinal conditions, cancer and urological disorders, pre-clinical
and clinical uses of the capsaicin are reported in the literature (Fattori et al., 2016). Due to
the high degree of gastric irritation, mainly, capsaicin is topically administrated (O’Neill et al.,
2012). The capsaicin is poorly soluble in water and easily soluble in alcohols and vegetable
oils. In order to improve the solubility, stability and to ensure better release in delivery
systems, encapsulation of the capsaicin in liposome phospholipid-based vesicles (Thapa et
al., 2013), and emulsion systems, namely, nanoemulsions was proposed (Choi et al., 2011).
The increasing interest for the nanoemulsions is based by growing number of their
applications for incorporating various type of compounds, such as the nutraceuticals and the
phytochemicals (FAO/WHO, 2010; Paul and Dewangan, 2016). Nanoemulsions are
kinetically stable oil-in-water or water-in-oil systems, with particle sizes in range of 50-200 nm
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and 50-500 nm for transparent and “milky” nanoemulsions, respectively (Izquierdo et al.,
2002). Low and high energy methods are used in the preparation of nanoemulsions. The
high energy method required the mechanical energy, while in low energy method surfactants
as emulsifiers are used in aqueous phase titration or in spontaneous emulsification (Schuh et
al., 2014).
In recent years, nanoemulsion systems containing capsaicin were developed. Pure capsaicin
or capsicum oleoresin extracted from pericarp were introduced in alginate or chitosan as
natural polymers (Choi et al., 2013). The formation of the non-ionic surfactant based vesicles
(niosomes) for topical delivery of pure capsaicin was reported by Tavano et al. (2011).
The objective of this study was to develop stable nanoemulsions formulated of oil extracted
from red hot pepper seed. Low and high energy methods were used to prepare
nanoemulsions.

MATERIAL AND METHODS
Materials
Surfactants: Tween 80 (Polyoxyethylene 20 sorbitan monooleate, Sigma–Aldrich, Germany),
Tween 20 (Polyoxyethylene 20 sorbitan monolaurate, Merck, Germany), and Span 80
(Sorbitan monooleate, Fluka, Germany) were used. The estimated values of hydrophilic
lipophilic balance (HLB) of surfactant mixtures: SmixT80 (Tween 80 and Span 80) and
SmixT20 (Tween 20 and Span 80) were 10.7 and 11.32, respectively. Propylene glycol (PG)
was supplied from Aldrich (Germany), gelatin and lecithin from P.I.C. Co (R. Macedonia).
Ultrapure water was obtained using MilliQ PURElab Classic system (ELGA, USA). The seed
oleoresin from red hot pepper (Capsicum annuum L.) was extracted with supercritical CO2 at
400 bar, 40 ºC and 2 mL/min flow rate.
Preparation of nanoemulsions
Spontaneous emulsification method. Three step preparation method was used (Schuh et al.,
2014). Seed oleoresin dissolved in acetone was mixed with surfactant mixtures (SmixT80 or
SmixT20) in ratio of 1:1, 1.5:1 and 2:1 w/w. After treatment on ultrasonic bath (Fritsch
laborette 17.002, 220 V, 35 kHz, Germany) for 15 min, 10 mL ultrapure water with 1 mL/min
flow rate was injected by stirring at magnetic stirrer (Rotamix 604 MM, Domel, Slovenia) at
700-800 °/min for 30 min, to reach phase system equilibrium. The mixture was evaporated
using BUCHI Rotavapor R-114 with vacuum controller B-721 (Switzerland) at 40 ºC, 250 bar,
1 h.
High energy method. Procedure described by Xue (2015) with some modifications was used.
Gelatin (6 g) was dissolved in MiliQ ultra-pure water (90 mL). Lecithin (0.5 and 1g) was
added in the gelatin solution, followed by treatment at ultrasonic bath (Fritsch laborette
17.002, 220 V, 35 kHz, Germany) for time of 1 h at room temperature (20 ± 2 °C). The seed
oleoresin solution was prepared by dissolving 1 g seed oleoresin into 10 mL polyethylene
glycol. The gelatin/lecithin phase and seed oleoresin solution were mixed and emulsified
using a high pressure homogenizer type APV - 2000 (SPX Flow Technology, United
Kingdom, PH = 300/100 bar; n = 5). In order to prevent phase separation, the gelatin/lecithin
samples and seed oil solution, also, were mixed and emulsified using a high pleasure
homogenizer Polytron PT1200 (12-18 V, max power 100 W, 5.000-25.000 RPM, Kinematika
AG, Switzerland) at 16.000 °/min. Time of rotation for each sample was 5 minutes.
Nanoemulsion characterization
Droplet size, droplet size distribution, polydispersity index (PDI) and zeta (ζ) potential were
determined by Dynamic Light Scattering (DLS) using a Zetasizer Nano ZS (Malvern
Instruments Ltd, United Kingdom). The prepared emulsions were stored at 4 and 25 °C in
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absence of light and the stability was followed after 24h and 10 days of storage. The
measurements were conducted at 25 °C. Each sample was measured in three successive
runs and in each run the sample was scanned 10 to 100 times. The results were analyzed by
Zetasizer Software Version 7.11. The results were reported as the mean ± standard
deviation (SD) of three values (n = 3).
Morphology and structure were studied using environmental scanning electron microscopy
(ESEM) type Quanta FEI 200 3D (USA). The sample was mounted on aluminum stubs and
direct observed in its native stage. The pressure in the chamber was around 83 Pa and the
accelerating voltage for imaging was 15 kV.

RESULTS AND DISCUSSION
The nanoemulsion formulations prepared by application of the spontaneous method were
with “milky” appearance and slight red coloration. The values measured for the droplet size,
PDI and -potential of nanoemulsions formulated with different ratios of the seed oil (SO) of
red hot pepper and the surfactant mixtures: Tween 80 and Span 80 (SmixT80) and Tween
20 and Span 80 (SmixT20) are presented in Table 1 A, B.
In the nanoemulsions prepared of SO and SmixT80 in ratio of 1:1, 1.5:1 and 2:1, the
determined values of droplet sizes were 263.9, 277.8 and 263.2 nm, respectively. The potential ranged from -0.84 to -5.08 mV. The average droplet size, PDI and -potential
remained fairly unchanged throughout the storage period of 10 days at 4 °C. Slightly
increasing in droplet size was determined at 25 °C after 10 days of nanoemulsion
preparation (Table 1A). The results are comparable with the values for the particle size (217
nm) and PDI (0.25) obtained by Tavano et al. (2011) when HLB of mixed surfactants used,
Tween 80 and Span80, was 10.
Table 1A. Z-average diameter, PDI and -potential of nanoemulsions prepared by spontaneous
emulsification method at different ratios of seed oil (SO) and surfactant mixture SmixT80
A. SmixT80−(Tween 80:Span80 = 1.5 : 1)
SO : SmixT80
Storage conditions
Time
Temperature
Parameter
1:1
1.5 : 1
2:1
(day)
(°C)
1
Z-average diameter
(nm)

5
10
1

Polydispersity
Index− PDI

5
10
1

-potential (mV)

5
10

4
25
4
25
4
25
4
25
4
25
4
25
4
25
4
25
4
25

263.9 ± 4.37
263.0 ± 1.21
274.5 ± 4.07
261.9 ± 1.54
266.2 ± 4.55
325.8 ± 3.78
0.15 ± 0.01
0.14 ± 0.01
0.21 ± 0.01
0.14 ± 0.04
0.18 ± 0.03
0.31 ± 0.04
-2.11 ± 0.65
-1.08 ± 0.16
-2.79 ± 0.25
-1.88 ± 2.24
-6.12 ± 4.66
-2.16 ± 3.47
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277.8 ± 0.99
279.8 ± 0.71
285.0 ± 0.85
294.6 ± 1.36
286.3 ± 2.16
282.5 ± 6.77
0.19 ± 0.02
0.18 ± 0.01
0.19 ± 0.02
0.24 ± 0.01
0.19 ± 0.01
0.21 ± 0.02
-1.99 ± 0.72
-1.07 ± 0.61
-1.56 ± 1.53
-1.85 ± 0.75
-0.15 ± 0.64
-0.28 ± 0.09

263.2 ± 4.16
262.0 ± 2.26
273.0 ± 1.67
278.6 ± 1.38
288.9 ± 3.12
300.6 ± 6.46
0.22 ± 0.01
0.19 ± 0.01
0.24 ± 0.01
0.25 ± 0.02
0.31 ± 0.01
0.31 ± 0.04
-3.56 ± 0.69
-5.08 ± 0.61
-3.08 ± 0.06
-3.80 ± 0.52
-2.13 ± 0.52
-3.75 ± 0.47
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Compared to SmixT80, larger droplet sizes (around 320 nm) were measured in the
nanoemulsions formulated of SO and SmixT20. The droplet sizes increased to 418 nm for a
period of 10 days storage at temperature of 25 °C (Table 1B).
Table 1B. Z-average diameter, PDI and -potential of nanoemulsions prepared by spontaneous
emulsification method at different ratios of seed oil (SO) and surfactant mixture SmixT20
B. SmixT20−(Tween 20:Span80 = 1.5 : 1)
SO : SmixT20
Storage conditions
Time
Temperature
Parameter
1:1
1.5 : 1
2:1
(day)
(°C)
1
Z-average
diameter
(nm)

5
10
1

Polydispersity
Index− PDI

5
10
1

-potential (mV)

5
10

4
25
4
25
4
25
4
25
4
25
4
25
4
25
4
25
4
25

317.2 ± 5.08
325.1 ± 2.54
310.7 ± 4.22
306.0 ± 2.31
359.1 ± 1.17
323.9 ± 0.71
0.20 ± 0.02
0.23 ± 0.01
0.19 ± 0.04
0.18 ± 0.01
0.29 ± 0.04
0.23 ± 0.01
-1.72 ± 0.14
-2.62 ± 0.44
0.38 ± 2.16
-0.85 ± 3.06
1.34 ± 0.27
-5.13 ± 0.10

269.1 ± 1.70
268.2 ± 1.62
264.9 ± 2.47
268.2 ± 2.05
265.6 ± 4.37
264.4 ± 4.01
0.18 ± 0.01
0.18 ± 0.01
0.15 ± 0.02
0.16 ± 0.02
0.15 ± 0.01
0.16 ± 0.01
-0.78 ± 0.29
-1.01 ± 0.19
1.89 ± 2.33
-0.10 ± 2.02
-1.22 ± 1.32
-1.63 ± 1.29

289.0 ± 4.46
288.0 ± 6.48
281.9 ± 3.37
282.5 ± 2.91
417.9 ± 8.42
345.6 ± 9.66
0.21 ± 0.02
0.22 ± 0.02
0.21 ± 0.01
0.20 ± 0.01
0.39 ± 0.42
0.36 ± 0.06
-0.56 ± 0.24
-1.45 ± 0.34
-2.33 ± 1.61
-3.98 ± 1.45
- 3.11 ± 1.82
-3.75 ± 0.47

In Table 2 are shown the values for Z-average diameter of droplets, PDI and -potential of
the seed oil nanoemulsions prepared by application of the high energy method. The
polyethylene glycol as solvent of seed oil, the phospholipid lecithin and the polymer gelatin
were used in formulations. Emulsification process was performed in two types of
homogenizer: type APV – 2000 and Polytron PT1200.
Table 2. Z-average diameter, PDI and -potential of red hot pepper seed oil (SO) nanoemulsions
prepared by high energy method
Type
of Nanoemulsion formulation
Characteristic
2
3
homogenizer 1SO : gelatin
SO : gelatin : lecithin
SO : gelatin : lecithin
1
*
285.0 ± 2.05
603.1 ± 21.06
435.2 ± 26.49
Z-average
2
diameter (nm)
*
206.7 ± 1.62
513.6 ± 9.45
312.9 ± 4.56
1
*
0.22 ± 0.01
0.94 ± 0.06
0.71 ± 0.01
Polydispersity
2
Index− PDI
*
0.22 ± 0.01
0.57 ± 0.05
0.79 ± 0.02
1
*
5.8 ± 0.22
-21.3 ± 0.75
-19.5 ± 0.70
-potential (mV)
2
*
4.70 ± 0.18
-23.3 ± 1.47
-29.8 ± 0.65
*

high pressure homogenizer type: (1) APV – 2000 and (2) Polytron PT1200;
2
3
SO : gelatin = 1:0.6; SO : gelatin : lecithin = 1:0.6:0.5; SO : gelatin : lecithin = 1:0.6:1.

1

The influence of the homogenizer type and conditions of mixing and emulsification was
insignificant, taking in matter the small differences in the determined values for the droplet
size, PDI and -potential of the emulsions systems obtained by application of two types of
homogenizer. The smallest droplets (206.7 and 285.0 nm) and PDI values (0.218 and 0.223)
were obtained by using SO and gelatin. In the formulations obtained by introduction of
lecithin, the higher values for droplet size, PDI and -potential were measured. The highest
values for the droplet size (693 nm) and PDI (0.94) were obtained for the formulation of SO,
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gelatin, lecithin in ratio of 1:0.6:0.5, prepared with homogenizer PT1200. Emulsion consisted
of SO, gelatin, lecithin in ratio of 1:0.6:1, obtained by application of PT1200 was
characterized with droplet size of 312.9 nm and 0.786 PDI, and the highest value determined
for -potential (-29.8 mV) compared to other formations (Table 2).
The scanning electron micrographs of the nanoemulsions prepared by SO and SmixT80, and
SO and SmixT80 in ratio of 1.5:1 are presented in Figure 1. In nanoemulsion formulated of
SO and SmixT80 with HLB of 10.7 (Fig. 1 a, b) spherical in shape and uniform in size oil
droplets were observed. In case of the nanomulsion composed from SO and SmixT20
(HLB=11.32) ovoid aggregates that affect the system stability were noticed (Fig. 1 c, d). The
differences in molecular geometry of the surfactants play an important role in the
spontaneous formation of ultrafine oil droplets by using spontaneous emulsification. Tween
80 has a single unsaturated hydrophobic tail that is kinked, so, is able to form smaller
spherical droplets and more stable systems, than Tween 20 who is characterized with a
single saturated hydrophobic linear tail (Komaiko and McClements, 2016).

a)

b)

c)

d)

Figure 1. ESEM micrographs of seed oil nanoemulsions obtained by spontaneous emulsification
method: SO and SmixT80 in ratio of 1.5:1 (magnification: a 3 500 x, b 12 000x);
SO and SmixT20 in ratio of 1.5:1 (magnification: c 5 000x, d 10 000x)

In Figure 2 are presented ESEMs of the nanoemulsions of SO with gelatin in ratio of 1:0.6.

a)
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Figure 2. ESEM micrographs of seed oil nanoemulsion obtained by high energy method: SO and
gelatin in ratio of 1:0.6 (magnification: a 10 000x, b 20 000x)

CONCLUSIONS
In this study, nanoemulsions of oil extracted from red hot pepper seed were prepared by
using methods of spontaneous emulsification and high pressure homogenization. In
spontaneous emulsification, mixtures of commercial surfactants Tween 80/Span 80 and
Tween 20/Span 80 with HLB values of 10.7 and 11.32 were used. Surfactants with higher
HLB value produced larger size vehicles. Compared to spontaneous emulsification method,
in the process of high pressure homogenization larger droplet sizes and higher values for ζpotential were measured for the nanoemulsion formulations composed of seed oil and
polyethylene glycol, gelatin and lechitin.
The obtained results demonstrated that nanoemulsions are the promising strategy for the
formulation of lipophilic compounds such as seed oil of red hot pepper. Further researches is
needed to optimize the process conditions for the nanoemulsion formulations.
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ABSTRACT
In Serbia, Fusarium species periodically cause cloves rot in open field and warehouses, and other
significant diseases of garlic (Allium sativum L.). The aim of this study was to isolate and identify the
disease-causing Fusarium species from the infected garlic cloves, based on their morphological and
molecular characteristics. Following DNA extraction, the translation elongation factor 1-alpha gene
region was amplified by PCR with the primer pair EF1 and EF2. The purified product of seven chosen
isolates (BL1-BL7) was used as a template for sequencing of both DNA strands. Sequencing of the
amplified
fragments
was
done
in
Company MACROGEN,
Seoul,
South
Korea
(http://dna.macrogen.com, Korea). Each strain was deposited in the NCBI GenBank database under a
unique accession number. Sequences were analyzed in the program FinchTV (Version 1.4.0.) and
compared to sequences in GeneBank and the Fusarium ID-database for identification. Comparison of
the sequences with the Fusarium ID-database showed that four strains were identified as F.
proliferatum (BL1, BL2, BL3, BL5), two as F. verticillioides (BL4, BL6), and one strain as F. oxysporum
f. sp. cepae (BL7). Knowledge of the composition of populations of Fusarium species of garlic in
Serbia is of great importance due to their ability to reduce quality, and it provides the base for the
development of effective disease management strategies.
Keywords: cloves rot, Fusarium oxysporum f.sp. cepae, Fusarium proliferatum, Fusarium
verticilioides, garlic

INTRODUCTION
Garlic (Allium sativum L.) is widely cultivated in Serbia, mostly in Vojvodina Province (FAO,
2014), covering more than 7,000 ha. During growth, harvest, transportation, and further
processing and handling, the produce can be contaminated with pathogens (OSU, 2008). It
is also important to be aware of pathogens that can affect garlic during storage. In 2015, rot
of stored garlic bulbs of different varieties occured in storage and warehouses in Serbia.
Infected bulbs appeared to be softened, spongy or sunken, covered with white, light pink or
reddish fungal growth (mycelium) (Figure 1). Most Fusarium species are seed-borne and
soil-borne fungi which can persist for long periods in different types of soil. Infection of garlic
may occur at any time in the field, or in storage (Koch and Taanami, 1995).
According to Lević et al. (2009) F. proliferatum, F. oxysporum, and F. solani were previosly
identified and isolated from infected cloves of garlic in Serbia. The first report of
F. proliferatum as causal agent of garlic rot came from Germany (Seefelder et al. 2002). The
same garlic disease was later reported in North America (Dugan et al. 2003), Serbia
(Stankovic et al. 2007), Spain (Palmero et al. 2008), Italy (Tonti et al., 2002), and India
(Sankar and Prasad Babu 2012).
Garlic bulbs are quite perishable because their high moisture content makes them vulnerable
to microbial decay as well as physiological deterioration (Eckert and Ogawa, 1988). Although
Fusarium sp. are one of the most important pathogens in the growing season, it is also
necessary to take into account the stored products, as well as treatments in warehouses.
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The control of Fusarium rot of garlic is difficult due to the epiphytic survival and spreading of
the pathogen during storage. Symptomatic bulbs were subjected to phytopathological
analysis in order to identify the causative agent of the disease. The aim of this study was to
isolate and identify disease-causing Fusarium species from infected garlic cloves, based on
their morphological and molecular characteristics.

Figure 1. Symptoms of Fusarium rot on garlic cloves

MATERIAL AND METHODS
Isolation of Fusarium sp.
Fusarium rot symptomatic garlic cloves were sampled for pathogen isolation. After surfacedisinfesting in sodium hypochlorite solution (5 %) for 2 min, the pieces of infected tissue (1
cm in length) were rinsed three times with sterile distilled water, dried on sterile filter paper
and plated onto a Potato Dextrose Agar (PDA) medium with streptomycin sulphate amended
(300 mg/l) (w/v). Fungal cultures were incubated for one week at 25 °C. The fungal isolate
was cleaned up by subculturing successively and selected by single-spore isolation. The
selected isolate of Fusarium was re-isolated from artificially inoculated garlic cv. Bosut cloves
fulfilling Koch's postulates, and incubated at 25 °C for 7 days before use. Colony morphology
was recorded from the cultures grown on PDA.
DNA extraction and molecular species identification
Fusarium isolates were grown on PDA plates for 7 days, and mycelia were harvested and
ground in liquid nitrogen. DNA was extracted using a DNeasy Mini Kit (QIAGEN Inc., Hilden,
Germany),
according
to
the
manufacturer’s
instructions.
Primers
EF1
(ATGGGTAAGGAGGACAAGAC) and EF2 (GGAAGTACCAGTGATCATGTT) were used
(Geiser et al., 2004) for amplification of TEF-1-αlpha gene fragments. The polymerase chain
reaction (PCR) was done in 25-μl aliquots using S-thermal cycler (Eppendorf, Germany)
(Table 1).
Table 1. PCR protocol
Components
2x MMix (Eppendorf)
10 μM Forward Primer
10 μM Reverse Primer
Template DNA
Nuclease-free water

Final concentration
1x
1 μM
1 μM
~1,000 ng
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25 μl reaction
12.5 μl
2.5 μl
2.5 μl
1.0 μl
6.5 μl
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The PCR conditions were as follows: 2 min at 94 °C, 35 cycles of (94 °C 1 min, 53 °C 1 min,
72 °C 2 min), and 10 min at 72 °C (O'Donnell et al., 1998). Amplicons were electrophoresed
in 1.5% agarose gel (Invitrogen) with ethidium bromide.
Purification and sequencing of the PCR-amplified DNA fragments was done in Company
MACROGEN, Seoul, South Korea (http://dna.macrogen.com, Korea). FinchTV Version 1.4.0.
was used for sequence analysis and nucleotide sequences were filed in the GenBank
database, under the National Center for Biotechnology Information (NCBI).

RESULTS AND DISCUSSION
Based on the morphological characteristics of fungal isolates, we confirmed the presence of
Fusarium sp. on the stored garlic bulbs and cloves. The plants did not show symptoms of
infection in the field or at harvest, but bulb rot subsequently occurred in storage. During
storage, the bulbs showed spongy, yellow-brown rotting lesions. In the beginning, the
infected bulbs were softened, with white, light pink or reddish mycelium covering the cloves.
Over time the cloves became dry and small. Presence of Fusarium sp. was confirmed by
microscopic examination of conidia. Fusarium species caused similar symptoms on stored
garlic and it was difficult to distingush them based on the symptoms and morphological
characteristics.
Polymerase chain reaction (PCR) with primers designated as EF1 and EF2 were created as
choice of a single locus identification tool in Fusarium genus (Geiser et al. 2004). The
presence of a 700 bp amplicon in all investigated isolates was confirmed by comparing the
amplified DNA fragments with the marker and positive control (Figure 2). The translation
elongation factor 1-alpha (TEF) gene which encodes an essential part of the protein
machinery, is highly informative at the species level in Fusarium (Geiser et al., 2004).
Primers EF1 and EF2 were first developed in the fungi to investigate lineages within the F.
oxysporum complex and these primers amplify an ~700 bp region of TEF, in all known
fusaria (O'Donnell et al., 1998). BLASTn queries of GenBank and the Fusarium ID-database
(Geiser et al. 2004), showed 100% identity to F. proliferatum, F. verticilioides, and F.
oxysporum f. sp. cepae to accessions KP964907.1, KU372138.1, and KP964881.1,
respectively. By comparison of the sequences with the Fusarium ID-database, our four
strains were identified as F. proliferatum (BL1, BL2, BL3, BL5); two as F. verticillioides (BL4,
BL6), and one strain as F. oxysporum f.sp. cepae (BL7) which was deposited in the NCBI
GenBank database under a unique accession number (Table 2). Certain groups are wellcovered in FUSARIUM-ID (NCBI) database, particularly F. oxysporum and Gibberella
fujikuroi species complex. Fusarium proliferatum is a common pathogen infecting multiple
crops from various climatic zones. Moreover, Fusarium oxysporum f.sp. cepae have been
reported around the world, including North America, India, Thailand, China, Japan, Iran,
Israel, Australia, and Europe. Fusarium proliferatum and F. verticillioides are considered as
minor pathogens of some plant species, but both species can survive in the seed material
and contaminate it with fumonisins without any visible disease symptoms. It is well known
that F. proliferatum, F. verticilioides, and F. oxysporum f. sp. cepae belong to soil-borne
organisms and it is possible that garlic cloves and bulbs can be affected after the harvest
during storage (Koleva, 2004). The disease tends to occur more frequently in garlic and it is
more often a problem in storage than in the field. Bioassay of field soil demonstrated that soil
cropped to garlic was infested with F. proliferatum and F. oxysporum f. sp. cepae, both of
which survived prolonged freezing temperatures (Dugan et al., 2007). The latter fungus
produces chlamydospores, and is well known for its protracted survival in soil (Havey, 1995).
Fusarium proliferatum does not produce chlamydospores (Nelson et al., 1983) but this
species can survive in soil over extended periods on plant residues (Cotton and Munkvold,
1998). We isolated F. verticillioides in our survey of commercial seed garlic, and according to
Leslie and Summerell (2006) this pathogen can survive well under field conditions. Moreover,
F. proliferatum and F. verticillioides are the two most prolific producers of fumonisins
identified to date, and F. proliferatum produces several additional mycotoxins (Desjardins,
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2006). Fusarium species infecting garlic affect the health safety of agricultural workers,
especially those associated with processing and store houses, as well as the consumers.
Presence of Fusarium cloves infection decreases physiological properties of garlic,
especially seed health and germination potential.

Figure 2. Products of amplification of DNA fragment of 700 bp: (M) PCR marker (Step Ladder, 503000 bp); B-blank; (-) negative control; Samples: BL1-BL7; (+) positive control strain Ft23
Table 2. Isolates of Fusarium species from garlic
Isolates

Genotype of
A. sativum

Locality

Fungal species

NCBI
Acc No.

BL1
BL2
BL3
BL4
BL5
BL6
BL7

JBL- 54
JBL- 7
JBL- 41
JBL- 53
JBL- 19
JBL- 15
JBL- 5

Cerić
Đala
Ljuba
Sakule
Idvor
Vrnjačka banja
Subotica

Fusarium proliferatum
Fusarium proliferatum
Fusarium proliferatum
Fusarium verticillioides
Fusarium proliferatum
Fusarium verticillioides
Fusarium oxysporum f.sp. cepae

KX092460
KX092462
KX092463
KX092464
KX092461
KX092465
KX092466

CONCLUSIONS
Knowledge of the composition of populations of Fusarium species of garlic in Serbia is of
great importance due to their ability to reduce crop quality, and provides the base for
development of effective disease management strategies. Our results showed the presence
of three pathogens (F. proliferatum, F. verticillioides, F. oxysporum f.sp. cepae) as causal
agents of garlic clove and bulb rot. Fusarium rot is hard to control being seed- and soil-borne,
persistant (over 4 years), capable of infection and spread in the field and storage. Therefore,
integrated measures - cultural, breeding, and biological or chemical - are the only justified
approach to garlic protection. Use of bioproducts would greatly contribute to the improvement
of health safety of both producers and consumers.
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ABSTRACT
Fungal members of the class Basidiomycetes are recognized as potential sources of bioactive
compounds, which can be used in a possible replacement of the synthetic antioxidants and antibiotics
by the naturally originated ones. Genus Pleurotus includes over 50 species of edible and medicinal
mushrooms with great economic importance. Their fruiting bodies are rich in carbohydrates (28 50%), edible fibers (3-50%), protein (10 - 30%), essential amino acids (25-35%), vitamins (C, A, B, D),
minerals (K, P, Mg, Na, Fe, Zn) and lipids (3-5%).The aim of this research was to compare biological
characteristic of different extracts obtained from Oyster mushroom fruiting body, as well as to identify
the organic compounds responsible for detected activities and finally to summarize available data on
the factors that could affect on their antioxidant and antimicrobial activity. Samples of two types of
polysaccharide extracts, namely hot water (HW) and hot alkaline (HA) ones were prepared from
fruiting bodies of the industrially grown oyster mushroom Pleurotus ostreatus P80. Extracts were
examined for their antimicrobial and antioxidant biological activity. The antibacterial activity was the
widest against the Gram-positive bacteria Staphylococcus aureus for both types of polysaccharide
extracts. HA extract singled out as the most effective against Gram-negative bacteria Proteus hauseri
–1
with microbicidal concentration of 2.5 mg mL . HW polysaccharide extract was better antioxidant
which was shown through the lower EC50 values of DPPH scavenging ability and ferric-reducing
antioxidant power. EC50 values of the DPPH scavenging activity of the polysaccharides from HW and
-1
HA extracts were found to be particularly low, 0.6 and 0.7 mg mL , respectively. EC50 values of the
-1
ferric-reducing antioxidant power were 4.3 and 4.5 mg mL for HW and HA samples. Using
-1
spectroscopic methods it was found that HW extracts contained more protein (399 mg g ) and
-1
-1
-1
phenolic compounds (6.36 mg g ) compared to HA sample (20 mg g protein and 4.96 mg g phenolic
compounds). Structural FT-IR analysis also confirmed higher content of glucans in HW
polysaccharides.
Keywords: Antibacterial activity, Antioxidant activity, Oyster mushroom, Polysaccharide extracts

INTRODUCTION
Mushrooms contain biologically active compounds, important for the regulation of
physiological functions in human organism (Manzi et al., 2000). Polysaccharides isolated
from mushrooms, especially glucans and their protein complexes, could be used either as
functional food or as drugs and nutraceuticals due to their antioxidant, antitumor and
antimicrobial properties (Khatun et al., 2015). Particularly interesting are β-glucans isolated
from the commonly cultivated mushrooms of genus Pleurotus since they have demonstrated
great immunomodulatory, antioxidant and antiinflammatory properties (Silva et al., 2012;
Barros et al., 2008). Pleurotus ostreatus (Jacq.) Kummer, 1871, includes many different
varieties and strains. These fungus produce lovastatin, drug approved by the FDA in 1987 for
reduction of cholesterol levels in the blood (Alarcon and Aguila, 2006) and also improves
kidney function, liver and gastrointestinal disorders (Stamets, 2000; ENV/JM 2013).
229

III International Congress “Food Technology, Quality and Safety”

The aim of this study was to partially characterize hot water (HW) and hot alkali extracted
polysaccharides (HA) obtained from fruiting bodies of cultivated Pleurotus ostreatus,
commercial strain P80, and to examine their antioxidant and antimicrobial activity in vitro.

MATERIAL AND METHODS
Hot water (HW) and hot alkaline (HA) polysaccharide extract were prepared from dried fruit
bodies of cultivated P. ostreatus P80 (,,Mycorex Mushroom Limited’’- Larnaca, Cyprus).
Antioxidant activity of polysaccharide extracts was examined through scavenging ability on
1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals and ferric-reducing antioxidant power (FRAP)
according to modifications of Kozarski et al., 2011.
Using Bradford (Bradford, 1976) and Folin-Ciocalteu (Klaus et al., 2011) spectrophotometric
methods protein and phenolic content were determined. The IR spectrum was recorded with
a Nicolet Fourier transform infrared (FTIR) spectrometer (Shimadzu).
The broth microdilution method was applied to determine the minimum inhibitory (MIC) and
minimum bactericidal concentrations (MBC) of the bioactive compounds. Tested samples
were dissolved in 5% DMSO solution in water (Duvnjak et al., 2016). For antibacterial activity
assay, three Gram-positive (Bacillus spizizeni ATCC 6633, Staphylococcus aureus ATCC
25923 and Listeria monocytogenes ATCC 19111) and seven Gram-negative strains (Proteus
hauseri ATCC 13315, Pseudomonas aeruginosa ATCC 27853, Escherichia coli ATCC
25922, Escherichia coli O157:H7 ATCC 35150, Salmonella ser. Enteritidis ATCC 13076,
Salmonella ser. Typhimurium ATCC 14028 and Yersinia enterocolitica ATCC 27729) were
used.

RESULTS AND DISCUSSION
Antioxidant activity
The scavenging ability of HW and HA polysaccharide extracts increased in concentration
from 0.1 to 1.0 mg mL-1 and reached a plateau of 19.8–70.3 and 17.7–60.9%, respectively.
The results (Table 1) suggested that compounds, especially the one extracted with HW,
exhibited a pronounced free-radical scavenging ability with particularly low EC50 values.
–1

Table 1. Antioxidant activity of extracts expressed in mg mL
Antioxidant
HW
HA extract
(+)-Catechin
activity
extract
-1
-1
(mg mL )
(mg mL )
-1
(EC50)
(mg mL )
Scavenging
0.6
0.7
0.3
ability
Ferricreducing
4.3
4.5
/
power

α-tocopherol
-1
(mg mL )

Ascorbic
acid
-1
(mg mL )

<0.1

/

/

1.6

EC50 values of the ferric-reducing antioxidant power (range of concentration 0.1 to 10 mg mL1
) were quite low for both samples. Effective concentrations, still, were higher than those
obtained for methanol extracts of different Pleurotus strains (Kim et al., 2009). Strong
correlation between the EC50 of the reducing power and total polysaccharide, α- and βglucan content and total phenol content has been proven (Mau et al., 2005; Tseng et al.,
2008; Kozarski et al., 2011).
Total protein and phenolic determination
It was found that HW extract contained more protein (399 mg g -1) and phenolic compounds
(6.36 mg g-1) as compared to HA sample (20 mg g-1 protein and 4.96 mg g-1 phenolic
compounds). HW extraction seemed insufficient to remove proteins from the polysaccharide
extracts. Klaus et al. (2011) and Ramirez-Anguiano et al. (2007) demonstrated that many
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commercially available hot water extracted polysaccharides of medicinal mushrooms such as
Schizophyllum commune, Lentinus edodes, Boletus edulis, Pleurotus sp., Cantharellus
cibarius contain phenolic compounds.
FT-IR analysis
According to spectra obtained by FT-IR spectroscopy, both extracts represent complexes of
polysaccharides, proteins and polyphenols. The presence of amide bands at ≈1630 cm-1 and
≈1450 cm-1 indicated the presence of some residual protein in the polysaccharide mixture.
The strong bands from ≈1650 cm-1 to ≈1600 cm-1, as well as bands at the region from ≈1410
cm-1 to ≈1310 cm-1 indicated presence of aromatic groups, probably -OH groups of phenolic
compounds (Kozarski et al., 2011). The bands in the region of ≈1050 cm-1 were characteristic
for glucan molecules, most β-glycosidic bonds (Silva et al., 2012). Weak peaks in the
spectral region ≈800 cm-1 characteristic for carbohydrates (mostly α-glucanes) noticed in HW
extract was not observed in HA extract which leads to the conclusion that alkaline extraction
caused partial polysaccharide degradation, especially in the basic chain (Klaus et al., 2011).

Figure 1. FTIR spectra of HW (a) and HA (b) extract

Antibacterial activity assay
The range of tested concentrations of samples in this assay was 2.5–40 mg mL-1. Among
Gram-positive bacteria, the widest antibacterial activity was against S. aureus for both
-1

polysaccharide extracts (MIC and MBC of 20 mg mL ). Based on MIC data it can be concluded that
HW polysaccharide extracts had stronger antibacterial activity than HA against Gram-positive bacteria
strains.
–1

–1

Table 2. Antibacterial activity of extracts expressed as MIC (mg mL ) and MBC (mg mL )
Hot
water Hot
alkaline
polysaccharide extract
polysaccharide extract
Bacterial strain
MIC
MBC
MIC
MBC
B. spizizeni
10±0.0
>40
40±0.0
>40
S. aureus
20 ±0.0
20±0.0
20±0.0
20±0.0
L. monocytogenes
10±0.0
>40
40±0.0
>40
P. hauseri
40±0.0
>40
2.5±0.0
2.5±0.0
P. aeruginosa
10±0.0
40±0.0
10±0.0
10±0.0
E. coli
40±0.0
>40
>40
>40
E. coli O157:H7
40±0.0
>40
>40
>40
S. Enteritidis
20±0.0
20±0.0
20±0.0
20±0.0
S. Typhimurium
40±0.0
>40
>40
>40
Y. enterocolitica
40±0.0
40±0.0
10±0.0
10±0.0
*

Data are expressed as mean ± standard deviation (n = 3).
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HA extract was the most active against Gram-negative bacteria Proteus hauseri with
bactericidal concentration of 2.5 mg mL–1 followed by P. aeruginosa and Y. enterocolitica.
with microbicidal concentration of 10 mg mL–1. Among Gram-negative bacteria, HW extract
was most effective against S. Enteritidis (microbicidal concentration of 20 mg mL–1) and
P.aeruginosa with minimal inhibitory concentration of 10 mg mL–1. Based on obtained MBC
data it can be concluded that HA polysaccharide extracts had stronger antibacterial activity
than HW against tested Gram-negative bacteria.
Biological activity of polysaccharide extracts might be mostly linked to different chemical
composition of the extracts (Matijašević et al., 2016). According to chemical characterization
of extracts, HW samples have higher content of proteins and phenolic compounds than HA
extracts. Based on FTIR spectra, those extracts contain also more glucans than HA extracts.
The low content of proteins and glucans in HA extract is probably due to denaturation,
precipitation and damaging by sodium hydroxide solvent. This is probably reason of more
pronounced biological activity of HW polysaccharide extracts. The mechanism of action of
extracts as complexes of different compounds still remains unknown.

CONCLUSION
HW and HA extracts obtained from P. ostreatus P80 have been recognized as a promising
source of biologically active compounds such as glucans, peptides and phenols. Variations in
their activities might be attributed to the differences in solubility in water, size of the
molecules, branching rate and form. Tested microbial strains are recognized as agents of
food poisoning, so mushroom extracts are recognized as potential food preservatives with
antimicrobial and antioxidant activity.
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ABSTRACT
Recent algal bioproducts development efforts have taken on a more comprehensive approach that
include high-value food proteins, phycobiliproteins, carotenoids, vitamins, fatty acids and antibacterial
metabolites. This comprehensive list of potential products with a broad range of physico-chemical
properties and end applications requires a holistic development approach as their isolation and
fractionation is rather complex resulting in high-energy and manufacturing cost. Algal proteins have
high nutritive value and desirable functional properties, which make them good candidates for
application in foods. In this study, we explored several bioprocessing options for extraction of highquality protein from Chlorella vulgaris.
To break the rigid cell wall of C. vulgaris for maximal release of algal proteins, several physical and
mechanical lysis methods such as sonication, high-pressure homogenization, and bead-beating were
compared. Homogenization was best suited for protein extraction releasing 3 times more protein than
sonication and ball milling. Protein fractionation by isoelectric precipitation and membrane filtration
was compared. Acidification of protein extracts from pH 7.0 to 4.0 was necessary for complete
ribulose-1, 5-bisphosphate carboxylase/oxygenase precipitation. Protein-rich concentrate generated
by 300 kDa MWCO ultrafiltration had essential amino acid scores comparable or better than
FAO/WHO recommended scores.
Keywords: microalgae, protein extraction, membrane filtration, cell lysis, chlorophyll pigments

INTRODUCTION
The versatile uses of microalgae food, feed and energy have been identified decades ago
(de la Noue & de Pauw, 1988). One of the major interests is to make use of microalgae for
the production of biofuels (Chisti, 2007). Significant efforts have been made in upstream
technologies to increase biomass (de la Noue & de Pauw, 1988) productivity and oil
accumulation in biomass by carrying out media optimization and molecular manipulation of
metabolic pathways (Mercer & Armenta, 2011). However, multiple high-value co-product
extraction is essential to make microalgae an economically viable option for competing with
traditional hydrocarbon feedstocks. From various life cycle and techno economic analysis, it
has been found out that biofuels-from-algae platform can’t be sustainable unless other high
value products such as important proteins can be extracted from algae (Guedes et al., 2011;
Safi et al., 2014)
Microalgae are a rich source of protein, containing 20-60 % protein depending on the species
(Becker, 2007). Chlorella vulgaris is a microalgae that can accumulate high amount of lipids,
carbohydrates as well as proteins (Liang et al., 2009). C. vulgaris contains 51-58% protein
(dw basis) and comparable amino acid profile to WHO/FAO standards. The major high value
protein in algal extracts is ribulose-1, 5-bisphosphate carboxylase/oxygenase (RuBisCO). It
has a potential to be an ingredient in food and feed. Purified RuBisCO is an odorless,
tasteless, white powder with a nutritive value as good as other food proteins (Barbeau &
Kinsella, 1988). The rigidity of C. vulgaris cell wall (Gerken et al., 2013) is one of the main
obstacles for extracting internally stored bio-products. For releasing and fractionating
valuable compounds, biomass must be subjected to an efficient cell wall disruption
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treatment. Various cell lysis methods have been tested out on C. vulgaris. Some of them are
acid & alkaline treatment, autoclaving, bead milling, and electroporation, french press,
manual grinding microwaves, osmotic shock and ultrasonication (Safi et al., 2014). Previous
research has shown that protein fractions obtained by homogenization and tangential flow
filtration from C. vulgaris have great amino acid profile excellent emulsifying properties (Ursu
et al., 2014). However, complete cell disruption is required for protein solubilization and
enhanced emulsification properties. Keeping this in mind, the first specific objective was to
compare three mechanical methods of cell lysis: high-pressure homogenization, sonication
and bead milling. Different extraction conditions also effect the amount of protein released
(Ursu et al., 2014). Hence, after the selection of the best method for cell lysis, the next
objective of this research was to compare protein extraction at neutral (7.0) and basic (12.0)
pH. C. vulgaris was homogenized at neutral pH. Finally we aimed to fractionate the main
high value product RuBisCO by step-wise acid precipitation at pH 6, 5 and 4. The pellet and
supernatant fractions were analyzed for total soluble protein and RuBisCO. The last step
involved obtaining a RuBisCO-rich fraction of protein by membrane filtration using a 300 kDa
membrane. In order to evaluate the quality of the fraction, amino acid analysis was carried
out.

MATERIALS AND METHODS
Chlorella vulgaris biomass was obtained from Global Algae Innovations in the form of a wet
paste (24 % solids). Biomass was stored at -80 0C.
Mechanical methods of cell lysis
Three different methods of cell lysis checked: homogenization, bead-beater and sonication.
Frozen wet biomass was mixed with RO water (pH 6.75) with biomass to buffer ratio of 1:5,
and mixed end-over-end for 15 minutes. Homogenization of biomass was carried out using
Emulsiflex c3 (Avestin, Canada) high-pressure homogenizer for 3 passes at 17000 psi.
Effectiveness of bead-beating for cell lysis was tested by mixing biomass with 0.5 mm beads
in BeadBeater (Bartlesville, OK) for a total of 16 minutes. Sonication was carried out for 30
min with 30 s on/off intervals at 4 °C using a sonicator (Sonifier 250, Branson, USA) at 30%
output control and 30% duty cycle with a microprobe (1/8′ microtip A3-561 Branson, USA)
After cell lysis, lysate was centrifuged at 10000 rpm for 20 min at 4 °C.
Effect of pH on protein extraction
Frozen biomass was mixed with RO water at a biomass to buffer ratio of 1:5 and divided into
two parts, one at pH 6.75 and at the other at pH 11.8 (pH adjustment was done using 1M
NaOH). Homogenization was carried out for 5 passes at both pH 6.75 and pH 11.8. Three
replicates were carried out. Total soluble protein (TSP) was measured after every pass. JMP
pro 11 was used for statistical analysis.
RuBisCO fraction using acid precipitation
Clarified cell-free extracts (CFE) obtained after homogenization were subjected to step-wise
acid precipitation. CFE at pH 6.75 was brought to the pH of 6 using 0.2 N HCl, mixed end
over end for 15 minutes and centrifuged at 10000 rpm for 20 mins at °C. pH of the
supernatant from this stage was adjusted to 5 and centrifuged under same conditions. The
pH of the supernatant at pH 5 was then adjusted to pH 4, which was followed by
centrifugation to obtain a pellet and supernatant at pH 4. The pellets and supernatants at
every step were analyzed for TSP and presence of RuBisCO by SDS-PAGE and Western
blot.
Membrane filtration for fractionation of RuBisCO-rich protein concentrate
In order to fractionate a RuBisCO rich protein concentrate, membrane filtration was carried
out on homogenized CFE. Membrane used in the first stage was 300 kDa MWCO hollow
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fiber module (Spectrum Laboratories, Houston, TX). Concentration of permeate from the first
step was carried out using a 3 kDa MWCO hollow fiber membrane (GE Healthcare,
Marlborough, MA). The detailed description of the entire process in summarized in Figure 1.
TSP in every stream was measured by the Bradford assay. Fraction A and fraction B were
obtained by freeze-drying the respective concentrates. Amino acid analysis was conducted
to analyze the nutritive value of every fraction. Total carbohydrates in fraction A and B were
measured.

Figure 1. Membrane filtration process used to generate different protein fractions

Protein, total carbohydrates and amino acid analysis
Total soluble protein (TSP) was determined by Bradrdford assay (Bradford, 1976) using
Commassie plus assay kit (ThermoScientific). Absorption at 595nm was measured using
VERSA max microplate reader (Molecular Devices). NuPAGE Novex Bis-Tris pre-cast
gradient gels (4–12%) from Invitrogen™ (1.5 mm X 10 wells), were used for SDS-PAGE
electrophoresis. Reducing buffer was prepared using NuPAGE LDS sample buffer (4X) and
2-mercaptoethanol (9:1). Samples were reduced by using a 1:3 ratio of reducing-buffer
sample, followed by heating at 70 °C for 10 min. NuPAGE MES SDS Running Buffer (20X)
stock solution was used to prepare 1X running buffer in RO water. NuPAGE antioxidant was
added to ensure reduced samples during electrophoresis. Gels were run for 35 min at
constant voltage (200 V). For SDS analysis, the gels were stained in Coomassie™ G-250
stain (ThermoFisher Scientific) followed by destaining in RO Water. For Western blot
analysis, the gel was transferred to nitrocellulose membranes using iBlot® 7-Minute Blotting
System (Life Technologies Corporation). After protein transfer, membrane was blocked with
2.5 % fat-free milk in TBS buffer (pH 7.5) containing 0.05% Tween. RuBisCo was detected
using anti-RuBisCO antibody produced in chicken and anti-chicken antibody produced in
rabbit (Sigma Aldrich, St Louis MO). Blots were visualized with nitro-blue tetrazolium (NBT)
and 5-bromo-4-chloro-3′-indolyphosphate p-toluidine salt (BCIP-Sigma FAST). Amino acid
distribution was determined by hydrolysis of samples, followed by derivatization and
separation of amino acids using HPLC (performed by Protein Chemistry Lab, Texas A&M
University). Total carbohydrates estimation was carried out using phenol-sulfuric acid method
(Dubois et al., 1956). Standards ranging from 12.5-100 ug/ml were prepared by mixing
glucose in RO water. 1 ml of standards and samples were mixed with 1 ml of 5% phenol
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solution. 5 ml of concentrated sulfuric acid was added to the mixture. After mixing well,
samples kept at room temperature for 25 min and absorbance was measured at 490 nm.

RESULTS AND DISCUSSIONS
Comparison of method of cell lysis
We compared three different mechanical methods of cell lysis: high-pressure
homogenization, sonication and bead milling. The efficiency was assessed by the amount of
TSP extracted from frozen wet biomass. As seen in Figure 2 homogenization works the best
in order to break the tough cell wall of chlorella compared to other physical methods of cell
lysis. Protein amount released via homogenization is 3 times greater than sonication and 1.5
times greater than bead milling.

Figure 2. Comparison of protein extraction from C. vulgaris using different cell lysis methods

Effect of pH on protein extraction
In order to check the effect of pH on protein extractability, homogenization of wet biomass
was carried out at neutral and basic conditions.

Figure 3. Protein released at neutral and basic pH

As seen in Figure 3, TSP released at pH 11.75 was slightly higher than that at pH 6.8, but
wasn’t significantly different. The large deviation in TSP could be result of variability in
protein content of different batches of biomass used. Since change in pH didn’t significantly
impact protein release, it was decided to carry out homogenization at neutral pH.
RuBisCO fractionation using acid precipitation
The major high value protein in algal extracts is RuBisCO. C. vulgaris was homogenized at
neutral pH. In order to fractionate RuBisCO, step-wise acid precipitation was carried out at
pH 6, 5 and 4. The pellet and supernatant fractions were analyzed for total soluble protein
(Figure 4a) and RuBisCO (Figure 4b). As seen in the Figure 4a, pH 5 supernatant and pH 4
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pellet have significantly lesser protein than the clarified cell extract, and based on western
blot analysis still contains significant amount of RuBisCO. Pellet fraction at pH 4 can be
carried forward to the next purification step. Acid precipitation of algal protein at pH 5 and
below pH 5, reduces DNA (by 9%) as well as chlorophyll (70%) content in algal cell lysates
(Munjal et al., 2015).
Membrane filtration for fractionation of RuBisCO-rich protein concentrate
Membrane filtration fraction labeled as Concentrate 300kDa AD (after dialysis) in Figure 5,
contained significant amount of RuBisCO and other algal proteins (lanes 3 and 5). Freezedried protein concentrate (Fraction A in Figure 1), consisted of 45% protein (estimated by
amino acid analysis; 36 % if estimated by Bradford assay), and another 10-14 % consisted of
carbohydrates. Fraction B, had 43% protein by weight and 18-20% carbohydrates.
(a)

(b)

Step-wise acid precipitation
TSP (mg)

500

0
Clarified
cell
lysate

pH 6

pH 5

pH 4

Pellet

Figure 4a. TSP distribution during step-wise acid precipitation; Figure 4b: Western blot for distribution
of RuBisCO. Lane 1: cell free lysate; lane 2: supernatant at pH 6; lane 3: pellet at pH 6; lane 4: pellet
at pH 5; lane 5: supernatant at pH 5; lane 6: supernatant at pH 4; lane 7: pellet at pH 4

Figure 5. SDS-PAGE gel for membrane filtration fractions. Lane 1: molecular weight marker; lane 2:
cell-free extract (CFE); lane 3: 300 kDa concentrate before diafiltration diluted; lane 4: 300 kDa
permeate before diafiltration ; lane 5: 300 kDa concentrate after diafiltration; lane 6: 300 kDa permeate
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after diafiltration; lane 7: 3 kDa concentrate after diafiltration; lane 8: 3 kDa permeate after diafiltration.
1X, 10X, 30X indicate the dilution of samples for loading on to SDS-PAGE gel

Comparing the amino acid profile of Fraction A and B, it was found that Fraction A has higher
percentage (data not shown) of essential amino acids (methionine, phenylalanine, isoleucine,
leucine, lysine & valine) than Fraction B. Fraction B had higher amount of glutamic
acid/glutamate. All other amino acids are similarly distributed in both fractions. Essential
amino acid distribution of RuBisCO isolated from alfalfa leaves and other protein sources is
listed in Table 1 (Hood et al., 1981). This RuBisCO isolate contained 98% protein and 1-1.8
% carbohydrates. Fraction A has comparable amino acid profile to RuBisCO isolate, other
protein sources meet the FAO/WHO standards. However, it had only 45% protein by weight.
It should be noted that removal of impurities from fraction A in order to increase weight
percentage of total protein is necessary, in order to compare its nutritive value (per gram) to
other pure protein isolates.
Table 1. Essential amino acid chemical scoring for Fraction A
Amino acid
Lysine
Threonine
Valine
Isoleucine
Leucine
Tyrosine and
Phenylalanine

e

5.5
4.0
5.0
4.0
7.0

6.4
5
7.4
6.6
8.8

8
5.3
6.7
6.6
10

6.5
5.3
6.7
4.9
9.4

Fraction A
(g/ 100 g
protein)
6.5
5.5
6.5
5.2
9.6

6.0

10.1

11.2

12.8

10.4

FAO/WHO
(g/ 16g N)

a

Whole egg
(g/ 16g N)

b

c

d

Casein
(g/ 16g N)

RuBisCO
(g/ 16g N)

Scoring
(%)
>100
>100
>100
>100
>100
>100

a

FAO/WHO reference (1973)
b
(Harper, 1977)
c
(Gordon & Kalan, 1974)
d
Hood (1981)
e
This study. Values might be slightly lower than reported considering that tryptophan and cysteine haven’t been
included.
f
Fraction A compared to FAO/WHO reference

CONCLUSIONS
High-pressure homogenization was the best method for lysis of C. vulgaris cells and
complete protein extraction. Protein extraction is higher at basic pH, but the difference is not
significant after 5 passes through the high-pressure homogenizer. Acid precipitation (pH 5)
can remove other proteins, and partially purify RuBisCO. Membrane fractionated, RuBisCOenriched fraction has amino acid profile comparable to FAO/WHO standards, and can
potentially be further developed and formulated for a variety of food applications.
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ABSTRACT
Sustainability of the system of the process management, safety, quality and environment protection in
the chain of large-scale production of foods depends on the availability of the methods that enable the
realization of measurements of the corresponding indicators in production, processing and distribution,
through the use of investigative methods. Utilization of these methods should be sustainable with
respect to the speed with which the results are obtained, cost of the performed investigations and the
significance of the obtained results. Important aspect of the sustainability of massive food production
chain is the effect of the processes on the environment.
In the meat industry, the by-products make up to 70 percent of the slaughtered animal weight, and
their utilization and non-harmfull disposal are regarded as a priority with respect to the ecological risk
and the influence on the environment. Meat industry with its location in the suburban towns and
villages is often a source of unpleasant odor. Rodent and insect colonies on those sites are a source
of infection and a great danger to human health.
Keywords: Meat industry, Effluents, Environment protection

INTRODUCTION
The environment is endangered with creation and accumulation of wastes, so more attention
is given to its protection and upgrading. With the endeavor of manufacturing even larger
quantities of goods aimed at fulfilling human needs for higher standard of living and creating
optimal conditions for maintaining a state of health, the contemporary civilization generates
great quantities of wastes that adversely influence the environment, degrading it to such a
degree that it becomes harmful to human and animal health (Okanović et al., 2008). A part of
slaughterhouse by-products is very often discarded as animal wastes, which, as such,
contaminate the environment, and they can cause contagious diseases in humans and
animals. If animal by-products are not adequately disposed of, they undergo a rapid
degradation. This degradation process is accompanied by creation of decomposition
products, mainly gases (ammonia, hydrogen sulphide, mercaptans, etc.), as well as of other
decomposition products, such as fatty acids, aromatic substances and others. As such, they
not only pollute the atmosphere with harmful gases and gases that have unpleasant odors,
but they also contaminate the soil, food and water as well. This objection also imposes the
performance of investigations aimed at defining how these producs should be utilized in a
safe and ecologically justified manner. The contaminants include numerous inorganic and
organic compounds that reach the organism through the polluted air, water, and nutrition.
Initial quantities are low, but with time they accumulate in individual tissues and organs,
causing sicknesses, degenerations or death of the organism. It seems that the aspiration for
better productivity creates an opposite effect as well. This is absolutely true in agricultural
and animal production, which has undergone various changes. Higher consumption of the
protein rich foods steers the animal production towards breeding of even higher number of
animals. That tendency is made possible with industrial preparation of animal feeds and with
higher automatization and mechanization of the animal growth processes (Okanović et al.,
2007). Dead animals and inedible slaughterhouse by-products, in the form of wastes from
the production and processing, if not safely disposed, can become a serious barrier to further
improvement of manufacturing, in this case of foods, and as such they represent significant
contaminants of the environment (Ristić et al., 2008). Animal wastes and inedible decaying
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by-products contaminate not only the air with unpleasant and toxic gases, but also soil, foods
and water resources as well. Ristić (2003) states that the predominant part of blood ends up
in sewage, i.e., in effluents, and that only minor part of blood is collected and processed. This
leads to surface waters becoming physically polluted, and at the same time, blood in such
environments represents substrate for microorganisms’ growth, many of which are
pathogenic for humans and animal world. Biological oxygen demand (BOD) of blood,
according Baras et al. (1991), amounts to some 100,000 mgO2/l. Pollution of surface water
with blood in the year of 1989 in former Yugoslavia amounted to about 57 x 109 kg which is
the equivalent of about one million inhabitants. Pollution of the environment with animal
wastes shows other adverse effects as well. It is well known that locations where organic
waste substances are heaped up and decay regularly provide ideal living conditions for
insects and rodents. They enable spreading of infections and contribute to the degradation of
visual impression of the environment which they inhabit. Improper manipulation of dead
animals and farm and slaughterhouse by-products also cause the contamination of soil,
surface- and underground water, foods and various utilities, thus making them inconvenient
or less valuable for utilization (Ristić 2007).
Waste waters from the meat processing industry
Food industry consumes great quantities of technical water, so the extraction and separation
of starch and proteins, which are in the case of wheat flour separated in the form of gluten in
one of some twenty patented ways, necessitates such quantities of water, which, on
average, are up to 8 times higher than the quantities of the starting raw material (Nježić et
al., 2006). Sugar industry needs up to 17 times higher quantity of water when compared to
sugar beet, the water has to be recycled, thus decreasing the needs of incoming water
quantity. Slaughterhouse industry is a great consumer of bacteriologically and physicochemically correct water; it is believed that for each slaughtered cow or swine some 500 to
1,000 liters of water are used. With regard to water used in slaughter house industry, we
have to make distinction between technological water and water for sanitary purposes that
must have drinking water quality (Baras et al., 2002).
Process water should fulfill claims of the WHO for drinking water,
Sewage systems and waste disposal systems should be designed and constructed in a
manner whereby the risks of contaminations of the process water are avoided.
Water that comes in immediate contact with manufacturing streams has to be exclusively of
sanitary quality. Ice and steam also ought not to represent a threat to proper health and
safety of food.
The largest part of water consumed in slaughterhouses appears in the technological waste
effluents. For effluent disposal, all areas have to possess the corresponding numbers of
gutters or water drains. Gutters must have efficient system of prevention for returning of
unpleasant odors from the sewage.
Waters contain high quantities of organics, chlorine and residues of substances used for
cleaning and sanitation (BOD 5=200-1500 mg O2/l; COD=800-1700 mg O2/l) (IvančevTumbas.,et al., 2004).
Therefore, waste waters from slaughterhouses should, prior to being disposed into some
natural receiver or local sewage system, pass through pretreatment and/or biological
treatment. Pretreatment of waste waters includes fat removal, sedimentation of the
suspended particles and chlorination.
Sewage systems for atmospheric and sanitary waste waters are united with the technological
waste eater systems only after the equipment for their pretreatment (BOD 5<300 mg O2/l:
COD<450 mg O2/l).
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It is necessary to define politics, goals, tasks, repositories of the implications and terms.
Politics: process should be conducted in such a way which is suitable for reduction or full
prevention of every kind of emission into air and water during the processing phases, by
using manuals and conducting of the good manufacturing practice (GMPs).
Goals:
1.
2.
3.
4.
5.

Reduction of waste waters quantities;
Reduction of risks of emissions in the atmosphere and in water;
Reduction of pollution of waste water with solid particles;
Increasing of the usage of the slaughterhouse by-products;
Increasing of the efficiency of the primary settling tank – decanter, with the use of the
selected commercial preparations.

Waste waters of slaughterhouse with meat processing are composed of:
composite waste water created by joining of a number of waste water streams from
different processing plants, laboratory and sanitary net. Composite waste water is
collected in the collecting unit, from which it should be conducted into system of the
waste water treatment.
Atmospheric waste water, which should be collected in the open channels aimed for
irrigation outside of the factory limits or for introducing in the collecting collector.
Claims with respect to the quality parameters of composite waste water – effluent are defined
by the Rule book about quality of waste waters that could be introduced into official sewage
system on the level of community where the given object is upraised.
Waste waters must be disposed from three separate sewage systems: atmospheric sewage,
sewage for waste water originating from production plants and fecal sewage.
The greatest part of slaughter house waste waters consist of waste waters from production
plants, which contain elements of animal tissues, fats, proteins, salt and materials used for
cleaning and disinfection. Pretreatment of that waste water incorporates: filtering, rough
settling, fats separation and disinfection. After pretreatment, the solid part is transported to
the pound, and the liquid one is introduced into the composite waste water collecting system.
The quantities of organic wastes are enormous according to the examination of the
morphological composition of wastes which the community enterprises in Serbia collect.
Organics make up some 60–75 percent of total waste collected in Serbia which is disposed
of on trash heaps (Nježić, 2006).
Waste water analyses inside the processing plants are performed for technological
complexes (water and solid residues) and on the plant limits before and after the
pretreatment unit.
Sampling and analyzing of the composite waste water is performed quarterly, according the
existing Regulations regarding minimal number of examinations of waste water quality (Sl.
Glasnik SRS 13/84), by the accredited external laboratory. Regular periodic examinations in
accordance with the design of controls and investigations, as well as the emergency
examinations are performed in the plant-owned laboratory.
Waste water treatment processes within the plant are performed by:
neutralization of waste water and mechanical separation of solid materials on grids, as
well as,
separation of oils and fats in the primary cleaning unit – decanter (pool with several
chambers with introduction of water from the top or bottom).
Organic load content in the composite waste water varies very much, from several mg/dm 3
up to several tenths of g/dm3, depending on the ongoing manufacturing process and on
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various excess situations. Temperatures, as well as total quantities of water that is disposed
daily and on different days are also variable. Based on the periodically performed
measurements, composition of the waste water influent in decanter can be estimated, and,
based on that, the corresponding biodegradable chemistry for water treatment plant can be
selected. Decanter contents are periodically emptied and transported into pound plants.
Beside the basic water parameters (temperature, pH value, dry residue, suspended solids,
ammonia, total nitrogen, hydrogen sulphide, total phosphorus, COD, BOD5, dissolved
oxygen, alkalinity, total organic substances, total number of mesophyllic microorganisms;
sulphate-reducing Clostridia, coliform bacteria, Escherichia coli, Proteus), cleaning agents
are examined for the presence of: detergents, grease and oil.

CONCLUSION
With respect to water consumption in the food industry as a whole, as well as in the meat
industry, there is an opinion that high consumption means good sanitary conditions, while
another point of view is that rational consumption will not threaten hygienic conditions. These
two attitudes can be reconciled only with technological discipline and rational behavior;
another possibility is the introduction of definite recirculation circles, such as the case in the
sugar industry. Nevertheless, the greatest possibilities and savings are found in the
technology of manufacturing, and the most significant among them are: dry collecting of solid
wastes by using jet system under pressure, separation first and foremost of all atmospheric
and industrial sewage systems, application of a slaughtering system that enables collection
of maximal quantities of blood, incorporation of more fat collectors in the production streams,
grids, usage of modern bio-degradable cleaning agents, maximal utilization of
slaughterhouse by-products and of other biotechnologies. This represents a contemporary
ecological approach to sustainable development, where a product has to be traced from the
design phase up to its consumption (from the field- yard up to the table, and even further, to
the disposal of food residues as communal wastes) That is an approach, which is, with the
corresponding laws, regulations, rigorous tracing and even punishment, accepted in all EU
countries. Serbia is through the corresponding legislative regulations approaching such
conditions, and for all subjects in the economy it is obligatory to introduce rigorous control
systems and GMPs, in order to minimize pollution, enable waste treatment prior to
introduction of waste water into recipient and application of the legally permitted pollution
limits. Organic production and general production of healthy foods requires high quality soils,
water and air which are lacking, and without fulfilling rigorous regulations, tracing in mass
production of foods, this is impossible to achieve.
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ABSTRACT
The progress in the biotechnology industries requires bioreactors with continual product removal. This
process recovers desired products or removes harmful component from bioreactor. Therefore, the
goal of this work was to combine membrane separation process with airlift bioreactor. The correct
design and operation of these reactors depend on the proper prediction of the gas holdup and the
liquid velocity. Presence of the membrane in the airlift reactor increases the gas holdup, while the
liquid velocity in the downcomer decreases. The membrane in the downcomer caused the rise of the
overall friction coefficient and a decrease of the downcomer liquid velocity up to 25%. The values of
the gas holdup and the liquid velocity predicted by artificial neural network are in good agreement with
experimental values.
Keywords: membrane airlift bioreactor, gas holdup, liquid velocity, multichannel membrane

INTRODUCTION
The application of the membrane bioreactors (MBR) for municipal waste water treatment has
increased dramatically over the last decade. From a practitioner’s perspective, design
practice has evolved over five “generations” in the areas of biological process optimization,
separating process design from equipment supply, and reliability/redundancy thereby
facilitating “large” MBRs (e.g. 150,000 m3/day) (Kraemer et al., 2012). The main advantages
of this process are an excellent and stable effluent quality, compact equipment, high
volumetric load and less surplus sludge production (Liu et al., 2000). The newest type of this
reactor is an airlift MBR (Futselaar et al., 2007). According to Futselaar et al., (2007) this
reactor has lower energy consumption compared to conventional cross-flow MBR that uses
air to control membrane fouling rather than recirculates liquid. The liquid circulation is
induced without circulation pump.
Hydrodynamics in a MBR is of significance for mitigation of membrane fouling and
maintaining stable operation (Cui et al., 2003). Higher cross flow velocities are advantageous
as they limited the deposition on the membrane surfaces (Bérubé and Lei, 2006; Prieske et
al., 2008). To optimize hydrodynamics of MBR a quantitative relation between energy inputs,
geometrical dimensions and circulation velocity are needed. Recently several researches
have studied hydrodynamics in the MBR (Böhm et al., 2012; Mihaľ et al., 2013; Moraveji et
al., 2012; Ratkovich et al., 2009; Yan et al., 2015). Despite the progress in the development
of the numerical models and computational resources there are still limitations for the
hydrodynamic simulations. Currently, there is no simple and accurate model to describe
coalescence or break up of the bubbles, which is the case in our experiments with water. For
example, in a case of Eulerian-Eulerian simulations, the constant diameter of the bubbles is
mostly used to model multiphase flow (Mohajerani et al., 2012). This assumption introduces
an error in the model. So, in this study the artificial neural network (ANN) was applied to our
experimental data. The ANNs are more powerful and can predict non-linear output
relationships better than available literature conventional correlations (Lemoine et al., 2003).
In this paper, the gas holdup and the liquid velocity in an ELAR with a multichannel ceramic
membrane was investigated. This reactor can be used as high efficiency equipment for
removal of pollutants from wastewater.
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MATERIAL AND METHODS
The cylindrical external loop airlift reactor made of Plexiglas consisted of a riser (54 mm i.d.
and 2000 mm in height), downcomer (25 mm i.d. and 1950 mm in height) and rectangular
gas separator. The tubular ceramic membrane (ZrO2/TiO2, Novasep, France) 20 cm in
length and 2.3 cm in diameter, with 7 channels (6 mm i.d.), was installed in the downcomer.
The air, sparged into the riser, was used as a gas phase. The sinter plate (100-160 µm,
average pore size 115 µm, porosity 8%) was used as a gas distributor. The superficial gas
velocity (UG), based on the riser cross-section area, was varied in the range 0.02 to 0.22 m/s.
Two eDAQ (Australia) conductivity isoPods with a miniature dip-in conductivity electrodes
were used to determine downcomer liquid velocity (W LD). The gas holdup values in the riser
(εG) were obtained by measuring the pressures at the bottom and the top of the riser using
piezometric tubes. The overall friction coefficient (Kf) was calculate to quantify the
hydrodynamic resistance of the membrane. The Kf was derived according to (Verlaan, 1987).

RESULTS AND DISCUSSION
From Figure 1. it can be seen that the gas holdup and the liquid velocity in the airlift MBR
increased with an increase in the superficial gas velocity. Presence of the membrane
increased gas holdup about 8%, while liquid velocity was decreased by 25%. Reduced liquid
velocity decreased the rise velocity of the bubbles and consequently increased εG. In order to
reduce membrane fouling, it is very important to know liquid velocity through the channel of
the membrane (cross flow velocity). A continuity equation was used for its estimation. This
velocity was about 2.5 times higher than W LD.

Figure 1. The gas holdup and the liquid velocity in the membrane bioreactor. Legend: 1-gas holdup;
without membrane, 2-liquid velocity; without membrane, 3-gas holdup; with membrane, 4-liquid
velocity; with membrane

The feed-forward back propagation artificial neural network model (ANN) was used in this
study to predict experimental values for the gas holdup and the liquid velocity. Matlab neural
network toolbox is used to build the ANN. Neural network inputs were UG and Kf. The ANN
was derived for the following ranges of the independent variables: 0.02 <UG< 0.2 m/s, 12.4
<Kf< 22.3. The ANN model was based on application of Levenberg-Marquardt algorithm
composed of linear transfer function (purelin) at output layer and tangent sigmoid transfer
function (tansig) at hidden layer with 9 neurons (Figure 2.). 70% of data was applied for
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training, 15% for cross validation and 15% for testing the accuracy of model and prediction.
Figure 3 shows the parity plot of the experimental and predicted values for εG and W LD using
the ANN on the whole database. The coefficient of determination was 0.99 and the mean
squared error was 2.59 10-5.

Figure 2. The architecture of artificial neural network

Figure 3. Comparison of the experimental and predicted values for the gas holdup and downcomer
liquid velocity using the artificial neural network

CONCLUSIONS
The membrane in the downcomer caused the rise of the overall friction coefficient and a
decrease of the downcomer liquid velocity up to 25%. Nevertheless, the cross flow velocity
remained in the recommended range of velocities for ultrafiltration and microfiltration.
Artificial neural network gave an excellent prediction of riser gas holdup and downcomer
liquid velocity. This type of reactor proved that can be used for waste water filtration.
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ABSTRACT
Volumetric mass transfer coefficient is an essential parameter in the design of gas-liquid contacting
systems. This coefficient determines the productivity of bioreactors. The objective of this work was to
achieve high interfacial area for mass transfer in a gas-liquid system in the external-loop airlift
bioreactor. The influence of different alcohol solutions was investigated. The results showed that
addition of alcohols from ethanol to n-hexanol led to an increase in the volumetric mass transfer
coefficient. In the alcohol solutions of ethanol and n-butanol, volumetric mass transfer coefficient
values were higher in comparison to water by 50%. Also, the artificial neural network was proposed to
predict the volumetric mass transfer coefficient.
Keywords: airlift bioreactor, volumetric mass transfer coefficient, dilute alcohol solution, geometry of
distributor

INTRODUCTION
Airlift bioreactors are widely used in biochemical industrial processes, such fermentation and
wastewater treatment, because of low shear rate, low power input, good heat transfer and
easy scale up (Chisti, 1988). In a many biochemical process alcohol solutions have been
used to simulate the liquid phase, due to the presence of non-coalescing organic mixtures
(Kelkar et al., 1983). Aqueous alcohol solutions differ from water in terms of the surface
tension, and this causes differences in the hydrodynamics and the mass transfer (Freitas and
Teixeira, 1998). Some previous studies have reported the influence of added alcohol on the
mass transfer coefficient (kLa) in an external loop airlift reactor (Al-Masry and Dukkan, 1997;
Gharib et al., 2013; Miyahara et al., 2011). However, research on the influence of added
alcohol on the mass transfer is still limited because of the two opposing effects of added
alcohol (Deng et al., 2011). Presence of alcohol tends to increase the interfacial area, while
simultaneously the alcohol molecules tend to be adsorbed and accumulate on the gas-liquid
interface to form rigid bubble that leads to a smaller liquid-side mass-transfer coefficient.
Several researches (Miyahara and Nagatani, 2009; Pošarac, 1988; Weiland and Onken,
1981) using external loop airlift bioreactor reported that kLa values increased with increasing
alcohol concentration in solutions, while (Al-Masry and Dukkan, 1997) reported an opposite
trend.
The subject of this paper was to examine the effect of dilute alcohol solutions on the gasliquid mass transfer. This study tends to broaden the previous investigations of mutual
influence of added alcohol and the gas sparging effectiveness on the hydrodynamics and
mass transfer in airlift bioreactors (Šijački et al., 2013). The volumetric mass transfer
coefficient was determined for three diluted alcohol solutions and tap water (see Tab. 1) as a
reference liquid.

MATERIAL AND METHODS
The experiments were conducted in a Plexiglas airlift reactor at 20°C and atmospheric
pressure, with geometrical details presented in Fig. 1. The reactor consisted of three
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sections: riser (Dr = 54 mm i.d.), downcomer (Dd = 25 mm i.d.) and rectangular gas
separator. The air was used as gas phase. The gas flow rate was controlled and measured
by mass flow meter and controller Bronkhorst High Tech F-201AV. The superficial gas
velocity, based on the riser cross-section area, was varied in the range 0.02 to 0.15 m/s.
Sparger used in this work was the single orifice (4 mm i.d.). Tap water and dilute alcohol
solutions of ethanol, n-butanol and n-hexanol were used as the liquid phase. Their
characteristics are summarized in Tab. 1. Added amounts of alcohol in our study were based
on the critical concentrations reported by (Keitel, 1978). Surface tensions of liquid phases
and their surface tension gradients (-dσ/dCA) data were taken from (
ki et al., 2011).

Figure 1. Experimental setup. Legend: 1-riser, 2-downcomer, 3-gas separator, 4-piezometric tubes, 5gas distributor, 6-manometer, 7-mass flow controller, 8-air compressor, 9-process dissolved oxygen
probe, 10-Hq40d portable meter
Table 1. Physical Properties of Liquid Phase at 20 °C
Surface
Liquid
Concentration,CA (wt%)
3
(N/m)×10
Tap Water 0
72.4
Ethanol
0.46
70.4
n-Butanol
0.011
71.8
n-Hexanol 0.0051
69.9

Tension,

Surface Tension Gradient
2
3
(N m /mol) × 10
0.027
0.155
1.985

The height of the unaerated liquid in separator of 4 cm from the bottom assured that there
was no entrainment of gas bubbles into the downcomer. The volumetric mass transfer
coefficient was obtained by using the dynamic oxygenation method. The liquid phase in the
reactor was first purged with nitrogen until the oxygen content became negligible and
nitrogen bubbles complete disengaged, then air was switched into the reactor. The electrode
response time, was determined by response experiments, dipping the electrode in a liquid
purged by nitrogen and, then, quickly immersing it in the mixed liquid purged with air. The
response time of the DO probe was for all examined liquids phases less than 9 s for 63.2%
of the full concentration scale response. The volumetric mass transfer coefficient was
calculated by using a model which assumed an ideally mixed liquid phase (Levenspiel, 1972)
and negligible effect of the dynamics of the oxygen electrode:
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RESULTS AND DISCUSSION
The results presented in Fig. 2 show that the k La values increased with the increase of
superficial gas velocity. In the alcohol solutions, kLa values were higher in comparison to
water by 50%. From Fig. 2 it can be seen that addition of ethanol and n-butanol solutions
gave higher kLa values in comparison with water and n-hexanol. This effect can be attributed
to the interfered mass transfer by the rigid layer that formed alcohols with long carbon chain
adsorbed to gas-liquid interface. Consequently, liquid side mass transfer coefficient
decreased with an increase in number of carbon atoms in alcohol solutions (Šijački et al.,
2013).

Figure 2. The effects of the added alcohols and the superficial gas velocities on the volumetric mass
transfer coefficient

The feed-forward back propagation artificial neural network model (ANN) was used in this
study to predict experimental values for the volumetric mass transfer coefficient. Matlab
neural network toolbox is used to build the ANN. Neural network inputs were UG and dσ/dCA.
The ANN was derived for the following ranges of the independent variables: 0.02 < U G < 0.15
m/s and 0.027 < (dσ/dCA) < 1.985 mN m2/mol.

Figure 3. Comparison between calculated and experimental kLa values using the proposed neural
network
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The ANN model was based on application of Levenberg-Marquardt algorithm composed of
linear transfer function (purelin) at output layer and tangent sigmoid transfer function (tansig)
at hidden layer with 5 neurons. 70% of data was applied for training, 15% for cross validation
and 15% for testing the accuracy of model and prediction. Figure 3 shows the parity plot of
the experimental and predicted values for kLa using the ANN on the whole database (n=47).
The coefficient of determination was 0.99 and the mean squared error was 2.82 10-7.

CONCLUSIONS
In this paper, the effects of the presence of added alcohol on the volumetric gas-liquid mass
transfer in the external loop airlift bioreactor were studied.
Addition of small amount of alcohol led to an increase in the volumetric mass transfer
coefficient.
Increasing the superficial gas velocity increased kLa values.
The proposed artificial neural network successfully predicted k La values in an
external-loop airlift bioreactors for various alcohols.
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ABSTRACT
The aim of this study was to investigate the effects of enzymatic hydrolysis of whey proteins on their
bioactivities and technological properties. Whey protein concentrate (WPC) was hydrolyzed by
Thermolysin. Biological and technological properties were investigated before and after hydrolysis.
Hydrolysis of WPC with Thermolysin produced peptides with significantly (P < 0.05) higher antioxidant
activity (DPPH and ABTS assay) than WPC. Total reducing power (TRP) of hydrolysate was
significantly higher than TRP of proteins before hydrolysis. Hydrolysate has shown better digestibility
than WPC which could be explained by the formation of smaller, more hydrophilic and more soluble
bioactive peptides in hydrolysate. Foam forming was improved by limited enzymatic hydrolysis and
foam was more stable after hydrolysis in comparison to whey protein before hydrolysis. As a result of
the conducted research, it can be stated that hydrolysis in only 1h and E/S ratio of 1% produced
hydrolysate with significant bioactivity. Antioxidants peptides obtained and characterized in this study
can be utilized as food ingredients in functional food to promote human’s health
Keywords: whey, hydrolysis, bioactivity, peptide

INTRODUCTION
Technological advances in whey processing make available an increasing amount of whey
protein. Whey protein is considered a high quality protein, so researchers have amplified
efforts to expand and enhance the utilization of whey proteins in food industry. Approaches
to modify protein functional and biological properties are numerous encompassing chemical,
physical and enzymatic treatments that cause changes in protein conformation and
physicochemical characteristics. Enzymatic modification is the most extensively researched
protein modification (Ismail, & Gu, 2010). These peptides display a range of biological
activities such as antimicrobial, antihypertensive, antithrombotic, antioxidant, opioid and
immunomodulatory effects.
Diet is one of the environmental factors that influence our health. Some food types have
been shown to contain antioxidant activity and many studies provide strong evidence that
free radicals play an important role in aging and a variety of diseases. The action of
antioxidants may help to reduce the formation of oxidized small molecules, and thus help
prevent cellular deregulation and subsequent development of disease (Wojcik et al., 2010).
Peptides with antioxidant properties derived from whey protein can be used as food
ingredient to create functional food since whey protein is a rich and balanced source of the
sulphur amino acids (methionine, cysteine). These amino acids have a critical role as
antioxidants and precursors to the intracellular antioxidant glutathione (Shoveller et al.,
2005).
Today in Serbia, manufacture and export of whey is almost non-existent. Serbia is a country
in which the structure of milk production is such that almost 90% of the products produced
each year belongs to the group of fermented products and liquid milk. It is not difficult to see
that the production and processing of milk in Serbia is mainly directed to products that do not
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require a lot of time, for which the technological processes of production are complex and
lengthy
In terms of prospects of utilizing whey as a raw material in accordance with the existing
equipment in Serbia, the main goal should be encouraging the utilization of whey in the food
industry. The integration process of processing whey into the food industry does not require
large investments and due to whey certainly been thrown, it is not difficult to conclude that
this aspect of their exploitation is a direct benefit both in material and functional terms.
This study analyses whey protein modification caused by enzymatic hydrolysis with
Thermolysin. The objective of this study was to determine and compare bioactivities and
technological properties of whey protein and whey protein hydrolysate. The comparison was
performed across bioactive properties such as: antioxidant ability and total reducing power
and technological properties such as: foaming capacity, foaming stability, emulsification and
digestibility.

MATERIAL AND METHODS
Whey protein concentrate (WPC 80, 80 % protein based on dry weight) manufactured from
sweet whey (DMV International, Nederland) were used. Commercially available protease
used in this work was Thermolysin (E. C. 3.4.24.27., Sigma-Aldrich Chemie Gmbh, USA).
2.2- Diphenyl-1-Picrylhydrazyl (DPPH), 2,2′-azinobis (3-ethylbenzothiazoline-6-sulphonic
acid) diammonium salt (ABTS), and other analytical grade reagents were also purchased
from Sigma-Aldrich Chemie Gmbh, USA.
Hydrolysis of wpc
WPC was reconstructed in water to give a starting protein concentration of 4% (w/v) for
antioxidant activity and 10% (w/v) for technological properties. The mixture was allowed to
hydrate for 1 h at room temperature with gently stirring. Hydrolysis was performed using
Thermolysin under optimal conditions: pH 8.0/37°C. The enzyme/substrate ratio was 1%
(w/w). During the course of the reaction, pH was kept at a constant value by adding 1M
NaOH, using pH-stat method with automatic dosage of the base. The reaction was stopped
after one hour by heating the mixture at 90°C for 10 min to inactivate the enzyme. The
hydrolysate obtained was cooled down to room temperature and centrifuged at 3,500×g for
30 min. Degree of hydrolysis (DH) was determined using pH stat method described by AlderNissen (1986). It was calculated by the following equation.

DH (%)

B Nb

1/

1 / mp

1 / htot

100

Where B is the consumption of the base in mL, Nb is the normality of the base, mp is the
mass of protein in g, htot is the total amount of peptide bonds per weight unit of a protein and
can be calculated from its amino acid composition (for WPCs htot is 8.8 mmol/g protein
(Adler-Nissen, 1986)), α is the degree of dissociation of the α-amino groups (1/α=1.26 at
37°C and pH 8.0 (Adler-Nissen, 1986)).
Antioxidant DPPH assay
Radical scavenging activity was determined using a 2.2- Diphenyl-1-Picrylhydrazyl (DPPH)
free radical scavenging assay with some modifications (Larrauri et. al, 1998). 0.1 mL of
sample with different concentration of peptide from each fraction was mixed with 0.9 mL of
0.1 mM-methanolic DPPH free radical. Mixtures were vortexed for 10 sec to homogenize and
left to react for 30 min in the dark. Finally, absorbance was measured at 517 nm using UV
Visible spectrophotometer. The antioxidant activity was expressed as percentage of DPPH
activity calculated by the following equation.
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DPPH activity (%)

A (blank ) A ( sample)
A (blank )

100

The IC50 value was defined as the concentration required scavenging 50% of the initial
radical. Lower IC50 value indicates higher free radical-scavenging ability
Antioxidant ABTS assay
The ability of WPC hydrolysates and their ultrafiltered fractions to scavenge ABTS radical
was tested according to Re et al. (1999). ABTS radical cation was produced in the reaction
between ABTS (7 mM) and potassium persulfate (2.45 mM final concentration). The reaction
mixture was kept in dark at room temperature for 16 h before use. Further, ABTS solution
was diluted with 5 mM phosphate‒ buffered saline (pH 7.4), until the absorbance of 700
(±0.10) was reached. Diluted ABTS solution was mixed with samples in ratio 100:1,
absorbance was measured at 734 nm after 5 min. The antioxidant activity was expressed as
percentage of ABTS activity calculated by the following equation.
ABTS activity (%)

A (blank ) A ( sample)
A (blank )

100

The IC50 was the concentration of the sample required to scavenge 50% of ABTS radicals.
Total reducing power
Total reducing power of the obtained hydrolysates was determined according to the method
described by Oyaizu (1986) with some modification. The sample solution was mixed with 0.2
M sodium phosphate buffer (pH 6.6) and 1% (w/v) potassium ferricyanide, in ratio 2 : 5 : 5.
The mixture was incubated in water bath at 50°C for 30min. After this period, trichloroacetic
acid (10%, w/v) was added to the mixture and centrifuged at 10,000 rpm for 10min. The
supernatant (2mL) was mixed with 2mL of distilled water and 0.4 mL of 0.1% (w/v)
iron(III)chloride, and the absorbance was measured at 700 nm after 10 min at room
temperature using UV Visible spectrophotometer (Ultrospec 3300 pro, Amerischam
Bioscienc). The peptide concentration providing 0.5 of absorbance (IC50) was calculated from
the graph of absorbance at 700 nm against peptide concentration (Ferreira et al., 2007).
TECHNOLOGICAL PROPERTIES
Foaming property determination
The aqueous WPC solution and the obtained hydrolysate with concentration of 10 % (w/w)
were diluted to 8 % (w/w) to prepare foams. The initial volume of 5 mL (20 °C) foaming
solution was placed in the plastic beaker of 50 mL (diameter 1 cm) and whipping for 1 min
with commercial mixer for home use (Line,15 W). Foam capacity (FC) was expressed as
foam expansion at 0 min, which was calculated according to the following equation.
A B
FC (%)
100
A
where A is the volume after whipping (mL) and B is the volume before 1 min of whipping
(mL). The foam stability (FS) was defined as the percentage of liquid still present in the foam
after 30 min compared with the solution at 1 min after whipping:

FS (%)

A

B
A

100
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A is the volume of foam after 30 min standing (mL) and B is the volume before 1 min
whipping (mL).
Emulsion activity and emulsion stability
Emulsifying activity was determined by the turbidimetric method. The solutions of whey
protein and hydrolysate (10% w/v) were diluted to 0.1 (w/v). Two millilitre of solution was
homogenized with 1mL sunflower oil. The mixture was vortex for 90 s at room temperature
and absorbance of emulsion was measured at 500nm. Emulsion activity (EAI) was calculated
using following equation.

EAI (m 2 / g )

2 2.303 A0 N
L c
10000

And emulsion stability (ESI) using equation:

ESI (min)

A0
A

t

Where A0 is the absorbance of the diluted emulsion immediately after homogenization, N is
the dilution factor (100), L is the path length of the cuvette (1 cm), c is the weight of protein
per volume (g/mL), φ is the oil volume fraction of the emulsion, ΔA is the change in
absorbance between 0 and 24h and t is the time interval, 24 h.
Digestibility
In vitro protein digestibility was carried out according to the method described by Elkhalil et
al. (2001) with slight modifications. About 1 mL of 10 % (w/w) WPC solution or hydrolysate
was digested by 5 mL of trypsin solution (0.2 mg/mL in 100 mM Tris–HCl buffer, pH 7.6). The
suspension was incubated at 37 °C for 2 h. Hydrolysis was stopped by adding 2.5 mL 50 %
trichloroacetic acid (TCA). The mixture was allowed to stand for 30 min at 4 °C and then
centrifuged at 10,000×g for 25 min. The precipitate was dissolved in 2.5 mL of 0.2 M NaOH,
and protein concentrate was measured using the Lowry method. Digestibility was calculated
as follows:

Digestibility(%)

A

B
A

x 100

Where A is total protein content (mg) in the sample and B is total protein content (mg) in the
TCA precipitate
Statistical analysis
Experiments were performed in triplicate. All values are expressed as mean ± standard
deviation. Mean values were analyzed using one-way ANOVA. The Tukey post hoc test was
performed for means comparison (Origin Pro 8 (1991-2007) computer package, Origin Lab
Co., Northampton, USA). Data were considered significantly different when P < 0.05.

RESULTS AND DISCUSSION
Hydrolysis of whey protein concentrate
Hydrolysis of WPC with digestive enzymes is a very common practice and many results are
achieved. In this study, a less used non‒ digestive enzyme Thermolysin, was used.
Hydrolysis was performed for 1 hour and the degree of hydrolysis reached was 9.1 ± 0.7%
as shown in Figure 1.
Hydrolysis time was chosen based on previous research. It has been shown that the degree
of hydrolysis increases significantly in the first hour and after that DH increase is
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considerably lower. This observation is consistent with other research. (Herregods et al.,
2015; Dryakova et al., 2010).

Figure 1. Degree of hydrolysis (DH) of whey protein concentrate by Thermolysin, E/S ratio 1%, during
60 min

Antioxidant activity
The action of antioxidants may help to prevent cellular deregulation and development of
disease. Antioxidants react with oxidizing chemicals and reduce their capacity to cause
damage in cells (Udenigwe et al., 2012). Before hydrolysis, non-hydrolyzed WPC showed a
rather low DPPH radical scavenging activity (IC50 was 39.960± 6.38 mg/mL) and the values
increased significantly with the course of hydrolysis (IC50 was 28.9 ± 1.89 mg/mL). The ABTS
inhibitory activity of the non-hydrolyzed proteins was significantly lower (IC50 was 1.335 ±0.11
mg/mL) compared with the hydrolyzed sample (IC50 was 0.995 ±0.10 mg/mL). Antioxidant
activity in all assays (DPPH, ABTS and total reducing power) is higher for hydrolysates
samples than for non-hydrolyzed (Table 1). Reason for that is the fact that during hydrolysis,
bioactive fragments from whey protein are releasing. It appeared that the antioxidant
properties were enhanced by hydrolysis. This is in agreement with results obtained by
several authors, who reported that the hydrolysis by different enzymes increase bioactivities
of peptide significantly (Kamau and Lu, 2010; Mann et al., 2015). Hydrolysate had higher
bioactivity than non-hydrolyzed protein in WPC, but also, smaller peptides presented in
hydrolysate (usually smaller than 3kDa) are more likely to survive transit through the
gastrointestinal tract without modification in structure and loss in bioactivity.
Table 1. Antioxidant activities of whey protein concentrate before and after hydrolysis
Whey protein solution
Method
Non-hydrolyzed
Hydrolyzed
DPPH activity, IC50, mg/mL
39.960± 6.38
28.9±1.89
ABTS activity, IC50, mg/mL
1.335±0.11
0.955±0.10
Total reducing power, IC50, mg/mL
12.5±0.9
3.6±0.2
Table 2. Technological properties of whey protein concentrate before and after hydrolysis
Whey protein solution
Non-hydrolyzed
Hydrolyzed
FC, %
50.0 ± 0.8
85.7 ± 1.1
FS, %
29.57± 0.61
66.4 ± 1.2
2
EAI, m /g
0.02653± 0.001
0.02979± 0.003
ESI, min
2116.14 ± 12.2
1889.39 ± 11.5
Digestibility, %
54.92 ± 1.5
92.57 ± 1.6
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Bioactivity is not the only important characteristic of peptide that intends to be used in the
food industry. Besides antioxidant activity, other properties of the proteins and peptides
important for their practical application in food products were determined such as
technological properties. Technological properties are the most important and limiting factors
for application peptide in food manufacturing. The results are summarized in Table 2.
Generally, enzymatic hydrolysis by thermolysin appeared to increase significantly
emulsification (both: EAI and ESI), foaming properties (both: FC and FS) and digestibility.
The FS has been known to depend on the strength of the protein film and its permeability to
gases (Chen and Chi, 2012). Foaming properties are important in cake and candy industry
for topping and creams. Palatnik et al. (2015) asserted that the good emulsification
properties and the rheological behavior of the caprine whey protein concentrate suggested
the application of it in the formulation of a dressing. Digestibility of bioactive peptides derived
from bovine whey is not only influenced by pH, time of incubation and enzyme/substrate
ratio, but also by the length and the nature of the peptides (Roufic et al., 2007). Digestibility
increase significant after hydrolysis by thermolysin, because short peptides are more likely to
survive transit through the gastrointestinal tract without modification in structure.

CONCLUSIONS
Whey protein hydrolysate may be suitable in food applications due to excellent solubility,
emulsion activity, stability, and foaming capacity. It seemed that the enzymatic hydrolysis
reduced molecular weight of WPC, increased bioactivity, foaming properties as well as
digestibility and emulsion properties of proteins after hydrolysis. As a result of the conducted
research, it can be stated that hydrolysis in only 1h and E/S ratio of 1% produced hydrolysate
with significant bioactivity. Antioxidants peptides obtained and characterized in this study can
be utilized as food ingredients in functional food to promote human’s health.
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ABSTRACT
An attempt to develop an immobilization technique for entrapment of glucose oxidase derived from
Aspergillus niger, has been performed. Several different concentration of the anionic solution
containing sodium alginate and the cationic solution containing CaCl 2·2H2O, were applied. The ideal
proportion of the two investigated concentrations was: 4% w/v sodium alginate and 5.5% w/v
CeCl2·2H2O. By using the latter proportion and by dissolving the enzyme in the anionic solution, very
stable and flexible beads were formed during the gelation process. In this way beads with medium
diameter of 4.5 mm were formed.
Thus prepared alginate beads were applied in the reaction for oxidation of glucose into a gluconic
acid, on an orbital shaker with an agitation rate of 150 rpm. Both pure glucose solution and the
minimal model must were used as media for the immobilized glucose oxidase preparation. It was
proved that the acidic pH of the medium had an inhibitory effect on the glucose oxidase activity.
The activity of the immobilized enzyme preparation was even 5 times lower than that of the free
glucose oxidase, possibly due to diffusion limitations. However, the possibility for repeated usage of
the entrapped enzyme preparations, and their robustness in acidic conditions, gives this
immobilization technique an attribute of a promising non-invasive technique, compatible for utilization
in food industry.
Keywords: alginate capsules, immobilization, glucose oxidase, wine industry

INTRODUCTION
Immobilization of enzymes offers numerous advantages for the industrial processes such as
enzyme stability, feasibility of continuous processing, recycling and enhanced productivity.
Few examples of studying immobilized enzymes for oenological application are the
immobilized β-glucosidase used in oenology to release volatile compounds (Romo-Sancez et
al., 2014), co-immobilization of three different glycosidases (González-Pombo et al., 2014)
also for improving the aroma of wines, and lysozyme from hen egg white (HEWL) covalently
immobilized on spherical supports for enzymatic lysis of lactic acid bacteria (Oenococcus
oeni) in wine (Cappannella et al., 2016). Although many methods for enzyme immobilization
have been described in literature, relatively few processes employing immobilized enzymes
have been successfully commercialized. However, the development of new methods and
supports for immobilizing enzymes are in the focus of the research in the area of enzyme
technology today.
The enzyme used in this study, glucose oxidase, has a potential for lowering the
concentration of sugars in a grape juice as a pre-fermentation treatment for production of
wine with decreased alcohol level. Glucose oxidases are FAD dependent enzymes that
catalyze the oxidation of β-D-glucose to D-glucono-δ-lactone and H2O2 using molecular
oxygen as an electron acceptor (Bankar, 2009). This enzyme is used in various industrial
purposes in chemical, textile, pharmaceutical and food industry, as well as in biotechnology
(Moorthi, 2009). Glucose oxidase can be used as a crude enzyme or as an immobilized
enzymatic preparation, depending on the purpose and the condition in which it’s applied
(Bankar, 2009). Immobilized glucose oxidase is broadly used for various scientific purposes.
Simple adsorption on porous inorganic materials and covalent binding techniques are usual
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techniques for immobilization of glucose oxidases, both as a sole enzyme or combined with
catalase (Blandino et al., 2002, Ozyilmaz, 2007). However, the enzyme leakage in the first
case and the enzyme inactivation in the second, are the most frequently reported drawbacks
of mentioned immobilization techniques.
The immobilization techniques can be divided into four major categories based on the
physical mechanism employed: (1) attachment or adsorption on a solid carrier surfaces, (2)
entrapment within a porous matrix, (3) self-aggregation by flocculation or with cross-linking
agents, and (4) cell containment behind barriers (Pilkington et al., 1998). Knowing the
biotechnological characteristics of both free and immobilized enzymes is crucial to achieve
effectiveness of the immobilization method. Alginate gel encapsulation is a technique where
liquid in which an enzyme is dissolved is mixed with an alginate, and then by dropping this
mixture in a CaCl2 solution, the drops of polymer solution containing the enzymes forms a gel
bead, thus encapsulating the enzymes. The entrapment immobilization techniques, such as
encapsulation of enzymes in alginate beads, are one of the mildest immobilization
techniques that do not affect the activity of the enzyme, at least, not due to enzyme
inactivation (Adlercreutz, 2000). The diffusion limitations of alginate are however, the most
frequently reported reasons for the drop of the enzymatic activity (Blandino et al., 2001).

MATERIALS AND METHODS
Enzymes
Glucose oxidase (EC 1.1.3.4) was used as lyophilized enzyme from Aspergillus niger. This
pure enzyme produced by Merck (Germany) had activity of 8 U/mg. The liquid catalase was
isolated from beef liver and had an activity of 1300000 U/mL (Merck, Germany). The
concentration of enzymes used was 40 mg glucose oxidase and 500 μL catalase per 50 mL
medium, used as both crude enzymes and entrapped in alginate beads (the enzymes were
dissolved in the anionic solution).
Media
Two types of media were used: a simple glucose solution and a synthetic grape juice. When
preparing the simple glucose solution (10 g/L) the glucose was dissolved in a citrate buffer
with pH 5.5. The basic solutions for buffer preparation were citric acid (10.505 g citric acid in
0.5 L H2O) and sodium citrate (14.705 g Na-citrate in 0.5 L H2O). Synthetic grape juice was
having concentration of glucose of 10 g/L. This medium contained organic acid
concentrations similar to those found in grape must obtained from ripe grapes. The acid
concentrations were adjusted as follows: 4.0 g/L tartaric acid, 1.5 g/L malic acid and 0.5 g/L
citric acid. The pH of this medium was adjusted to pH 3.5 using sodium hydroxide (10 M
NaOH).
Enzymatic reaction
All trails were carried out in 100 mL Erlenmeyer flasks, each containing 50 mL of medium.
Samples of 1 mL were taken every 6 hours in duration of 5 days. The reaction was carried
out on orbital shaker (Certomat R, B. Brown Biotech International) with 150 rot/min
(facilitating the dissolution of oxygen) and with a constant temperature of 30˚C.
Glucose determination
D-glucose was measured using spectrophotometric method for determination of reduced
sugars (Miller, 1959). Every measurement was performed in triplet. The absorbance was
measured at spectrophotometer Cary 50 Scan (Varian) at 540 nm wave length.
Immobilization procedure
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Enzymes were immobilized in alginate capsules by entrapment. These beads were made by
mixing two solutions: anionic solution (4% w/v Na-alginate) and cationic solution (5.5% w/v
CaCl2·2H2O). The enzymes were, firstly, dissolved in the anionic solution and then poured in
the cationic solution, drop by drop. During the gelation process, the beads were formed. The
diameter of the formed beads was 4.5±0.5 mm.
Determination of the pH value of the media
The pH value of all media was measured at the beginning and at the end of the reaction. The
pH meter used was Sartorius Basic pH Meter PB-11.

Figure 1. Colored protein containing solutions after protein determination by Lowry method. From left
to right: control (only medium without enzymes); crude glucose oxidase; crude glucose oxidase and
catalase; alginate beads with entrapped glucose oxidase; and alginate beads with entrapped glucose
oxidase and catalase

Protein determination
The protein determination proceeded according to the well known Lowry method (Lowry,
1951), that was modified in the Laboratory for Technology and Metallurgy in Skopje. Several
solutions were prepared, the solution A (20 g/L Na2CO3, 4 g/L NaOH), solution B-1 (1g
CuSO4·5H2O in 100 mL deionized H2O) and B-2 (2g K-Na tartrate in 100 mL deionized H2O).
Freshly prepared C solution (1 mL B-1, 1 mL B-2 and 100 mL A) was poured in glass vial in
quantity of 5 mL and was mixed with 0.5 mL of the enzyme solution. A diluted Folin’s reagent
(1 part reagent: 2 parts deionized H2O) was added to the prepared mixture and the light
transmission was measured at 750 nm with a spectrophotometer. For preparation of a
standard curve Bovine Serum Albumine was used. The equation obtained was X = (-74.13 T
+ 79.13) g/L, where X is the concentration of protein and T is the transmission (%). The
appearance of the colored protein containing solutions is presented on the Figure 1.

RESULTS AND DISCUSSION
In this work two different glucose oxidase preparations were successfully immobilized by
entrapment in alginate beads. The appearance of the alginate beads is presented on the
Figure 2.
It is interesting that the alginate beads, commonly very compatible for utilization in food
processes, appeared to be suitable carriers for application of enzymes even in very acidic
conditions, such as the synthetic grape juice. The time course of the glucose oxidation,
catalyzed with 4 different enzymatic systems (1. crude glucose oxidase, 2. crude glucose
oxidase coupled with catalase, 3. entrapped glucose oxidase and 4. glucose oxidase
coimmobilized with liver catalase), is presented at the Figure 3.
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Figure 2. Appearance of the alginate beads created in the Laboratory for Food Technology and
Biotechnology, Faculty of Technology and Metallurgy, Skopje, Macedonia

Figure 3. Time course of glucose oxidation in minimal model must catalyzed with four different
enzymatic systems - control (♦), crude glucose oxidase (■), crude glucose oxidase and catalase (▲),
immobilized glucose oxidase (□) and coimmobilized glucose oxidase and catalase (Δ)

As it was expected, the highest conversion yield of 46.90% was measured at the 48th hour of
the reaction in the system having coupled crude glucose oxidase and catalase, as enzymatic
preparations. After this reaction time, the reaction reached a plateau. The sole crude glucose
oxidase has converted much less glucose, showing the conversion yield of 25.57% at the
48th hour of the catalytic reaction. The immobilized enzyme preparations showed much lower
conversion yields than the crude preparations, which is understandable and is a result of the
internal diffusion limitations. Thus, the conversion yield at the 48th hour of only 5.51% was
reached when only the glucose oxidase entrapped in alginate beads was used, while the
yield of 23.72% was reached when coupled glucose oxidase and catalase were used as a
coimmobilized enzyme preparation. This means that the activity of the immobilized coupled
enzymatic preparations (glucose oxidase+catalase) was approximately half of the activity of
the free coupled preparations. Similar results are reported by Blandinino et al., 2001, for pure
glucose oxidase immobilized in alginate capsules. Those researchers were investigating the
gelation conditions on capsule characteristics and found out that the immobilization
procedure limited accessibility of glucose molecules to the active sites of the enzyme and
caused a decrease in the maximum reaction rate.
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The drop of the pH value of the medium (Table 1), which can be considered as indirect
indicator for the enzymatic activity, was also highest in the reaction system with coupled
crude glucose oxidase/catalase system. This is another confirmation that the coupled crude
glucose oxidase/catalase system is the most active among all examined.
Table 1. pH values of the reaction systems with 10 g/L glucose at the beginning of the reaction (initial
pH) and at the end of the reaction (final pH value) measured in the reaction systems with glucose
oxidase (GOx) and catalase (CAT)
Crude
Crude GOx + Immobilized
Immobilized
Control
GOx
CAT
GOx
GOx + CAT
Initial pH value 3.52
3.52
3.52
3.52
3.52
Final pH value 3.52
3.47
3.36
3.52
3.38

However, the immobilized glucose oxidase/catalase enzymatic preparation showed
acceptable activity for glucose oxidation and has an advantage over the free enzymatic
preparations, such as possibility for repeated utilization in the very acidic conditions that
characterize the synthetic grape juice. Actually, it is very difficult to obtain glucose oxidase
preparation with high activity in acidic conditions, since the acidic conditions inactivate the
glucose oxidases to a great extent (Biyela 2009; Bankar et al., 2009, Schmidtke et al., 2012).
Another positive characteristic of the entrapment of enzymes in alginate beads is that this
immobilization technique is suitable for application in food processes, which makes it unique
for the aim of this study: development of an immobilized enzyme preparation suitable for
application in oenology. So far, there are not literature data on application of immobilized
glucose oxidase in oenology processes. The sodium alginate as a biopolymer is known for its
compatibility to be used in food applications (Hansson, 2002; Cha et al., 2002). Thus, this
work can be considered as a pioneer work in the field of immobilized enzyme application in
wine industry.
Determination of the enzyme leakage
In order to estimate the suitability of the investigated immobilization technique the degree of
the enzyme leakage out of the beads, should be measured.

Figure 4. Time course of enzyme leakage from alginate beads with immobilized glucose oxidase (♦)
and with coimmobilized enzymes glucose oxidase and catalase (■)

Thus, a determination of protein content in the reaction media containing entrapped
enzymatic preparations was performed. A modified method of Lowry described in the M&M
section was developed for this purpose. The obtained results are presented in the Figure 4.
It can be seen that the degree of the enzyme leakage is very small. It reaches a value of
15% when only the glucose oxidase is entrapped in alginate beads and only about 10%
when both glucose oxidase and catalase are coimmobilized. The maximum value for the
enzyme leakage is measured at the 18th hour of the reaction, after which the leaking intensity
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reached a plateau. It is interesting that the coimmobilized enzyme preparation showed lower
value for the enzyme leakage than the sole glucose oxidase, although the catalase enzyme
preparation was in a liquid consistency. One possible reason for these results i.e. the higher
value for leakage of the glucose oxidase, than for the coupled glucose oxidase/catalase
preparation, might be a difference in the molecular weight between the catalase from bovine
liver and the glucose oxidase from A. niger. Namely, it can be assumed that since the
molecular weight of the catalase (250 kDa) is more than a 1.5 times higher than the weight of
glucose oxidase (160 kDa), the leakage of the coupled enzymes might be lower than the
leakage of the enzyme with the lower molecular weight, when immobilized as a sole enzyme.

CONCLUSION
Immobilization of the enzymes allows modification of their properties like optimum pH value,
higher stability, prevention of contamination of the processed product, reuse and possibility
of application in continuous processes. The immobilization technique that was used in this
work, immobilization in alginate beads, appeared to be quite suitable for application in very
acidic conditions (such as synthetic grape juice). So far, there are not literature data on
application of immobilized glucose oxidase in oenological processes. Further work regarding
the scale-up of the process and engineering of an industrial pilot plant, is a part of the
agenda for the future research activity of this project.
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ABSTRACT
Aflatoxins B1 (AFB1), B2, (AFB2), G1 (AFG1), and G2 (AFG2) are toxic secondary metabolities
produced by certain strains of the common moulds Aspergillus flavus and Aspergillus parasiticus. This
study was designed to develop a sensitive liquid chromatography tandem mass spectrometry (LCMS/MS) method for the simultaneous detection and quantification of aflatoxins (AFB1, AFB2, AFG1
and AFG2) in maize samples with particular focus on the optimization of the sample preparation
protocol and method validation. Spiked maize samples were extracted with 80% methanol followed by
the Vicam AOZTM immunoaffinity column clean-up. The mycotoxins were eluted from the column with
methanol and quantified using Selected Reaction Monitoring (SRM) mode in LC-MS/MS with an
electrospray ionization (ESI) interface. A mobile phase of methanol-water with 0.1% HCOOH was
used. The run time of the analisys was 5.5 min. Calibration level ranged from 1-20 ng/ml for all
2
aflatoxins (AFs), with R >0.998. The average recoveries of AFs spiked on two levels (5.0 µg/kg and
1.0 µg/kg) in maize were 79.0% for AFB1; 76.5% for AFB2; 83.7% for AFG1 and 67.2% for AFG2, with
relative standard deviation (% RSD) of 4.55; 2.31; 7.2 and 19.7%, respectively. The good accuracy
and precision results were also obtained in intra-day and inter-day analysis. The limit of detection
(LOD) of AFB1, AFB2, AFG1 and AFG2, were below 0.1 μg/kg. The obtained validated LC-MS/MS
method could be applied as a conformity method for AFs analysis.
Keywords: method validation, aflatoxins, maize, LC-MS/MS

INTRODUCTION
Serbia is an agricultural country and re-presents one of the largest maize producers and
exporters in Europe. About 40% of total planted area of field crops in Serbia is covered with
maize. This crop is mainly used as a component of animal feed (80%) as well as for human
consumption and starch production (Maslac, 2012).
Grain based products are one of the main sources of mycotoxins which are harmful to both
humans and animals (Vuković et al., 2014). Aspergillus species are one of the most frequent
contaminants of maize which can result in mycotoxin production during growth, harvest,
storage, transport and processing. Food safety has become a very important issue worldwide and the potential effects of climate changes on yealds and quality of food are now
receiving significant attention by scientists, especially from a risk analysis perspective
(Medina et al., 2014). Furthermore, climatic condition changes in Serbia during 2012 year
influenced presence of aflatoxins (AFs) in 68.5% of the maize samples even though
occurrence of these toxins in maize from Serbia is not noticed previously (Kos et al., 2013).
Aflatoxins are secondary metabolites of, primarily, the fungi Aspergillus flavus and A.
parasiticus. There are four principle types of aflatoxin: AFB1, AFB2, AFG1 and AFG2, which
are named for their respective innate fluorescent properties and mobility in chromatograms
(Zheng et al., 2005). In the past years, the detections of aflatoxins have been rare in Central
European foods and feeds (Vuković et al., 2016).
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A large number of analytic techniques have been developed for mycotoxins analyses in
foods, among them thin layer chromatography (TLC), enzyme-linked immunosorbent assay
(ELISA), gas chromatography (GC) and liquid chromatography (LC) with various detectors
(Martinez-Miranda et al., 2015).
Regarding to Vahl and Jorgensen (1998) the use of LC coupled to mass spectrometry (MS)
for the confirmation of polar contaminants, such as the aflatoxins, nowadays, was become
common in the systems designed for the control of food quality. Especially today, the LCMS/MS (tandem mass spectrometry) multimycotoxin analysis is also expected to be
implemented in more and more countries acknowledge the need to invest in the acquisition
of new and modern instrumentation and highly trained personnel (Ediage et al., 2011).
Besides the different instrumentation techniques which can be used in the aflatoxins
determination and quantification, a lot of extraction techniques of this mycotoxis are present
in the laboratories.
The current mycotoxin extractions have comprised a liquid-liquid extraction (LLE); supercritical fluid extraction (SFE); solid phase extraction (SPE) (Bursić et al., 2012); pressure
liquid extraction (PLE), matrix solid phase dispersion (MSPD), QuEChERS, ultrasound and
homogenizing extraction with various mixtures of organic solvents are only some of the
techniques in the stream of those which can be applied to the extraction of mycotoxins from
various matrices (Bursić et al., 2013).
Given the broad array of contamination susceptible matrices, the possible concurrence of
various mycotoxins and the wide concentrations range, it is necessary to validate the
methods to determine the aflatoxins levels in foods. So, our study was designed to develop a
sensitive LC-MS/MS method for the simultaneous detection and quantification of AFB1,
AFB2, AFG1 and AFG2 in maize samples with particular focus on the optimization of the
sample preparation protocol and method validation in accordance to Serbian regulations (Off.
Gazette No. 29/2014, 37/2014, 39/2014, 72/2014, 80/2015, 84/2015 and 35/2016) which
defines the control of AFB1 and sum of AFs (AFB1, AFB2, AFG1 and AFG2) and set the
maximum limits (MLs) for AFB1 and AFs in maize to 5 and 10 μg/kg, respectively.

MATERIAL AND METHODS
Instrumentation and chromatographic conditions for LC-MS/MS
LC was performed with an Agilent 1200 HPLC system equipped with a G1379B degasser, a
G1312B binary pump, a G1367D autosampler and a G1316B column oven (Agilent
Technologies, USA). Chromatography separation was achieved by Zorbax Ecllipse XDB C18
column (50 x 4.6 mm, 1.8 μm) (Agilent, USA) maintained at 30 °C. The analytical separation
was performed using methanol as mobile phase A, and as water mobile phase B, both
containing 0.1% formic acid (50:50, v:v, isocratic mode). The flow rate was maintained at 0.4
mL/min.
The mass analysis was carried out with an Agilent 6410B Triple Quadrupole mass
spectrometer equipped with multi-mode ion source (MMI, Agilent Technologies, Palo Alto,
CA, USA) (Turner et al., 2004). The data acquisition and quantification was conducted using
MassHunter Workstation software B.04.01 (Agilent Technologies 2010). The following
ionization conditions were used: electrospray ionisation (+ESI) positive ion mode, drying gas
(nitrogen) temperature 325 °C, vaporizer 220 °C, drying gas flow rate 5 L/min, nebulizer
pressure 40 psi and capillary voltage 2500 V. The dwell time was 50 ms. External standard
method was used for quantification of AFs.
Chemicals and reagents
The aflatoxins AFB1, AFB2, AFG1 and AFG2 crystalline materials were purchased from
Sigma (St. Louis, MO, USA). Stock standard solutions of aflatoxins with concentrations of 50
µg/mL were prepared in methanol, and stored at -20 ºC. Methanol and acetonitrile (for HPLC,
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Ultra Gradient Grade), were purchased from J.T.Backer (United Stated). Formic acid
(98/100%, laboratory reagent grade) was from Fischer Scientific (Loughborough, UK). Pure
water was obtained from Purelab® ELGA water purification system (Vivendi Water Systems
Ltd UK). Glass microfiber filters (GF/A) were from Whatman, Cat. No.6880-2504 (Maidstone,
UK). Econofilters regenerated cellulose (0.45 μm) were from Agilent, Germany. AOZTM
immunoaffinity columns were purched from Vicam Company, Watertown, MA,
USAPhosphate buffered saline was prepared by adding potassium chloride (0.2 g),
potassium dihydrogen phosphate (0.2 g), anhydrous disodium hydrogen phosphate (1.16 g)
and sodium chloride (8.0 g) to water (900 mL). The pH was adjusted to 7.4±0.1 with 0.1M
HCl or 0.1M NaOH as appropriate, and the volume made to 1 L with water.
Preparation of standard solutions and reagents
The working mix standard solution containing AFs (400 ng/mL in methanol) was obtained by
the further dilution of stock individual solutions with methanol and stored at -20 °C.
Calibration solution from 1-20 ng/mL was prepared in mixture methanol/water (50/50, V/V)
containing 0.1%HCOOH.
The samples were homogenized and prepared using standard methodology in accordance
with the Vicam Instructions for use for AOZTM HPLC Instruction Manual. Twenty g of ground
sample was blended with 100 mL mixture of methanol:water at a ratio of 70:30 for 2-3 min.
Pour extract was filtrated trough filter paper (Whatman No 41), and 10 ml of the filtrate was
diluted with 40 mL of PBS before cleanup using AOZTM HPLC affinity column. If the diluted
solution was cloudy, the diluted extract was filtered through a glass microfiber filter into a
clean vessel. Then the column was washed by passing 10 mL PBS buffer, and shortly dried
by vacuum. AFs were eluted with 6 mL methanol, evaporated to dryness with nitrogen and
reconstitute sample in 1 mL of methanol/vater (1/1, V/V).
Validation parameters
The method was validated according to SANCO/12571/2013.
The limit of detection (LOD) was determined as the lowest concentration giving a response of
three times the average baseline. The ratio signal/noise in the obtained chromatograms for
the LOD was calculated by MassHunter Qualitative Software.
The linearity was checked using matrix matched standards (MMS) at the concentrations of
1.0, 2.5, 5.0, 10.0 and 20.0 ng/mL. As immunoaffinity columns was used in the analysis, the
matrix effect was not expressed (< 10% for AFs).
The recovery was checked, using MMS, by enriching of a blank sample with the mixture of
AFs, to get the final mass concentration of 1.0 and 5.0 µg/kg (intfive replicates).
The precision of the method in terms of repeatability (% RSDr) (intra-day precision) and
reproducibility (% RSDR) (inter-day precision) was investigated of spiked samples analyzed
in five replicates on same and different days.

RESULTS AND DISCUSSION
Optimization of the chromatographic separation for AFs
For the quantification the ion with the best signal sensitivity (Q) was preferred and for the
confirmation the second transition (q) and the ratio of abundances between both ion
transitions (Q/q) was used. The cone voltages were selected according to the sensitivity of
the precursor ions and the collision energies were chosen to give the maximum intensity of
the fragment ions obtained. The product-ion spectra obtained on triple quadrupole instrument
generally provide fragments which are of diagnostic value for structural elucidation and
confirmation.
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The MRM transitions (precursor ion m/z → quantifier and qualifier m/z) for AFB1 were 313.1
→285.1 and 313.1→241.1, for AFB2 315.1 → 259.1 and 315.1→287.1, for AFG1 329.1 →
243.1 and 329.1→311.1 and for AFG2 331.1→313.1 and 331.1→ 245.1 (Fig. 1).
Method validation data
The calibration curves, in the ranged of 1 to 20 ng/mL for all AFs, were linear in the studied
working range with the correlation coefficients greater than 0.99 (B1: y=16704.853x14563.749, R2=0.9998; B2: y=13023.778x-14280,908, R2=0.9992; G1: y=9285.018x9389.833, R2=0.9985; G2: y=8362.157x-9540.252, R2=0.9992) (Fig 2).

Figure 1. TIC chromatogram of AFs and MRM chromatograms at the concentration level of 1 µg/mL

The average recoveries of AFs spiked on two levels (5 and 1 µg/kg) in maize were 79.0% for
AFB1; 76.5% for AFB2; 83.7% for AFG1 and 67.2% for AFG2, with obtained RSD values of
4.55; 2.31; 7.2 and 19.7%, respectively. It is necessary to correct the AFG2 results for
obtained recovery value, as it is lower than the set value regulated by Commission
Regulation EC No 401/2006.
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The precision of the method in terms of repeatability (RSDr) and reproducibility (RSDR) was
evaluated calculating the relative standard deviation (%RSD) of spiked samples at two levels
in five replicates on same and different days.
The good accuracy and precision results were obtained in intra-day and inter-day analysis.
The LOD was calculated by MassHunter Software, for those concentrations that provide a
signal to noise ratio of 3:1.

a

b

c

d

Figure 2. Calibration curves of AG2 (a); AG1 (b); AB2 (c); AB1 (d)
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The obtained LOD values for AFB1, AFB2, AFG1 and AFG2, were below 0.1 μg/kg (AG2 and
AG1 0.04 μg/kg; AB1 and AB2 0.02 μg/kg). The limits of quantifications (LOQs) were set and
experimentally confirmed at level of 1 μg/kg. These limits are well below established MLs for
food commodities.

CONCLUSIONS
The validation of the LC-MS/MS method using Vicam AOZTM immunoaffinity column cleanup for the extraction of AFB1, AFB2, ATG1 and AFG2 has successfully been performed. The
method provides a very high sensitivity, good reproducibility, appropriate linearity and can be
applied with a high reliability to the analysis of the AFs content in real maize samples.
The basic validated parameters were obtained: good linearity with R2>0.998 for AFs within
the calibration ranged from 1-20 ng/ml; the average recoveries (5.0 µg/kg and 1.0 µg/kg)
were 79.0% for AFB1; 76.5% for AFB2; 83.7% for AFG1 and 67.2% for AFG2, with (%)
obtained RSD values of 4.55; 2.31; 7.2 and 19.7%, respectively. It is necessary to correct the
AFG2 results for obtained recovery value, as it is lower than the set value regulated by
Commission Regulation EC No 401/2006. The good accuracy and precision results were
also obtained in intra-day and inter-day analysis. The LODs of AFB1, AFB2, AFG1 and
AFG2, were below 0.1 μg/kg.
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ABSTRACT
Histamine content in canned sardines is a criterion for food safety due to its effects on human health,
but also an important indicator of earlier decomposition of fish and process hygiene level. Histamine
intoxication is a food-borne chemical intoxication occurring within few minutes to several hours
following the ingestion of foods that contain high levels of histamine and possibly other biogenic
amines. The aim of this research was to provide information on the presence of histamine in canned
sardines and to describe the case of massive histamine intoxication in children. An incident of massive
histamine intoxication was occurred in January 2014, in Vojvodina province (north part of Republic of
Serbia) when food borne illness was confirmed in 28 children, 2-5 years old, who consumed canned
sardines in kindergarten. The diagnosis was established based on anamnestic data, clinical picture,
epidemiological data and confirmed by positive histamine finding in the incriminated sardine using the
ELISA method. Substantially high histamine levels (> 300 mg/kg) were detected in 7 out of the 9
examined units of these canned sardines. The presented case of histamine intoxication strongly
suggests better recognition and surveillance for histamine poisoning from fish are needed, particularly
considering the increased consumption of canned sardines.
Keywords: histamine, intoxication, canned sardines

INTRODUCTION
The presence of histamine [2-(4-Imidazolyl)-ethylamine] in canned fishery products is due to
the bacterial decarboxylation of amino acid histidine which is present in high amounts in fish
tissues of the Scomberiscida and Scombridae families such as tuna fish, macarel and
sardine (Frattini et Lionetti, 1998). The presence of histamine in canned sardina is a
chemical indication of food spoilage. Therefore, monitoring of histamine levels in canned
sardina is important. For the purposes of consumer protection, countries have regulations
and varying limits for histamine in fish and fishery products (FAO and WHO, 2013). The
legislative acts of the Republic of Serbia (Official Gazette RS 72/2010) are harmonized with
the Directive of European Union (Commission Regulation 2073/05). The examination of one
production lot includes testing of 9 units. The permitted level implies that not more than two
out of nine sample units may contain between 100 and 200 mg/kg; however, none of the
units may exceed the upper histamine limit of 200 mg/kg. Food with high level of histamine
may cause food intolerance in sensitive individuals and histamine contamination in canned
sardines may cause food poisoning (Petrovic et al., 2016).
Histamine content in canned fishery products such as canned sardines is a criterion for food
safety due to its effects on human health, but also an important indicator of earlier
decomposition of fish and process hygiene level. Histamine intoxication is a food-borne
chemical intoxication occurring within few minutes to several hours following the ingestion of
foods that contain high levels of histamine and possibly other biogenic amines (Taylor, 1986;
WHO, 2012; Er et al., 2014). Histamine poisoning is the most toxic and common form of
poisoning (Chong et al., 2011). This disease was first described in 1799 in Britain (Feng et
al., 2016). Depending on amount of dietary histamine ingested, individual sensitivity of the
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consumer as well as the detoxification activity of the body, most common manifestations of
histamine intoxication involve changes of the cardiovascular system, urticaria, hypotension,
flushing and headache (Veciana-Nogues et al., 1996). The predominant action of histamine
on extravascular smooth muscles is contraction. In histamine poisoning, the contraction of
intestinal smooth muscle leads to the abdominal cramps, diarrhoea and vomiting which are
often noted (FAO and WHO, 2013). Typical manifestations of histamine fish poisoning
include skin flushing on the upper half of the body, rash, gastrointestinal complaints and
throbbing headache (Lavon et al., 2008). There is no necessary for some laboratory tests,
the diagnosis is made primarily on the basis of clinical history, symptomatology, and
epidemiological studies (Tortorella et al., 2014). But, if confirmation is required, histamine
levels in uneaten portions of the suspect fish can be measured. There are many variety of
test methods for determination of histamine levels in fish and fishery products such as
canned sardines including fluorometric method, the spectrofluorometric method, enzymelinked immunosorbent assay (ELISA) methods, the colorimetric enzyme test, highperformance liquid chromatography (HPLC) methods (FAO and WHO, 2013), gas
chromatographic (GC) method which reduced the time for determination of histamine in fish
and fish products to less than 20 min (Hwang et al, 2003), and a simple and rapid thin-layer
chromatography (TLC)-densitometry method (Tao et al., 2011). Histamine fish poisoning is
also a trade issue (Khezri et al., 2014). All canned sardine consumed in Serbia is imported
from other countries, the disease is intimately linked with the global fish trade (Babić et al.,
2015).

MATERIAL AND METHODS
In the affected children, the diagnosis was established based on anamnestic data,
epidemiological data, and clinical symptoms. After that, the suspected canned sardines were
collected from the kindergarten and analyzed for histamine levels. The diagnosis was
confirmed by positive histamine finding in the incriminated canned sardines. Analysis of nine
units of the incriminated sardine cans was done in Scientific Veterinary Institute in Novi Sad
(Vojvodina province) by using enzyme-linked immunosorbent assay (ELISA) and the test kit
HIS-E02 (Immunolab GmbH, Kassel, Germany). Histamine concentrations were determined
according to the manufacturer’s instructions.

RESULTS AND DISCUSSION
Lehane and Olley (2000) point out that there is not a straightforward dose–response
relationship because spoiled fish containing histamine tends to be more toxic than the
equivalent amount of pure histamine dosed orally. Bartholomew et al. (1987) demonstrated
that histamine at greater than 100 mg/100 g in fish would be toxic and unsafe for
consumption. The largest outbreak in period from October 1976 to December 1986 affected
80 out of 155 persons who consumed smoked mackerel which contained more than
200mg/kg histamine (Bartholomew et al., 1987). Tsai et al. (2005) reported the level of
histamine of 153.9 mg/100 g in an incident of food borne poisoning due to ingestion of
canned mackerel occurred in Taipei Prefecture, in December 2001. The histamine content of
marlin implicated in a poisoning incident was ranged between 93.5 and 276 mg/100 g
(Morrow et al., 1991). The hot-smoked mackerel implicated in a histamine intoxication had a
histamine content of 270 mg/100 g (Clifford et al., 1989). Also, in Osaka (Japan) in March
2002 was an incident of histamine fish poisoning occurred due to the consumption of iwashi
maruboshi (dried sardine) with 1700 mg of histamine per kilogram (Kanki et al., 2004). Tuna
burgers were associated with an increase in histamine poisoning cases in North Carolina.
Tuna samples had histamine levels above the Food and Drug Administration regulatory level,
levels were between 213 and 3245 ppm (Becker et al., 2001). Even Macan et al. (1999)
described histamine poisoning due to inhalation and skin contact with fish products (flour)
had histamine contents of 510 mg/100 g. In the USA, between 1998 and 2008, histamine fish
275

III International Congress “Food Technology, Quality and Safety”

poisoning was officially reported in 333 outbreaks involving 1383 people, resulting in 59
hospitalizations (Feng et al., 2016).
In one kindergarten in Vojvodina province (north part of Republic of Serbia) 11 children
(25%) manifested clinical symptoms of histamine intoxication immediately after consuming
breakfast. After a few hours, the symptoms occurred in 17 more children. The onset of
histamine intoxication is typically from 10 min to 1 h following consumption of poisonous fish
(Hungerford, 2010). All the children were from 2 to 5 years old. The major and most
prominent symptom included a pale red rash (urticaria) on the upper half of the body. The
skin changes were red and edematous, ranged from 2 to 4 cm in diameter. Only six children
manifested other symptoms of histamine intoxication, such as sweating, tachycardia and
headache. The intoxication symptoms lasted 12 to 24 h. Recovery is usually complete within
24 h, but in rare cases can last for days (Hungerford, 2010). The manifestation of symptoms
depends on many factors such as age, genetic predisposition, gastrointestinal diseases,
histamine intolerance, and the use of certain drugs and symptoms never occur in 100% of
patients (EFSA, 2011; Maintz and Novak, 2007).
Freshly harvested fish species with high histidine levels from the families Scombridae,
Clupeidae, Engraulidae, Pomatomidae and Scombresocidae (Hwang et al., 2012; Tortorella
et al., 2014) such as tuna, mackerel, herring and sardine typically have histamine levels
below 2 mg/kg. Good hygienic practice is required at every step of processing of the fish.
Food business operators that apply GHP and HACCP can achieve a histamine level lower
than 15 mg/kg in fish products, based on data made available by industry. As such, the
following conditions must be met for fish to have levels above 200 mg/kg (FAO and WHO,
2013). The use of poor quality fish as raw material for canning and/or defective handling
techniques of fish during processing are the main reasons of high percentage of
unacceptable canned fish samples (Karmi, 2014).
High histamine content was in all 9 units of canned sardines, even seven of the nine
investigated units had histamine contents above 300 mg/kg, which is a concentration that
leads to classical intoxication symptoms. Oral ingestion of histamine at concentrations below
50 mg/kg did not induce any symptoms. Histamin level of 50 mg is the appropriate hazard
level and at this level healthy individuals would not be expected to suffer any of the
symptoms associated with histamine intoxication. Concentrations up to 150 mg/kg produced
mild symptoms, manifested as moderate headaches and sweating; and histamine
concentrations of 300 to 500 mg/kg led to the classical intoxication symptoms of rush,
diarrhea, flushing, and headache. Histamine usually leaves the body within a few hours, so
there is no cumulative effect of consecutive meals containing fish expected (EFSA, 2011;
FAO and WHO, 2013).
Histamine intoxication is identified as one of the most frequent fish poisonings in Europe and
worldwide because of the popularity and consumption of large quantities of this type of
fishery products (Gould et al., 2013).
According to data from meeting report of Joint FAO/WHO expert meeting on the Public
Health Risks of Histamine and other Biogenic Amines from Fish and Fishery Products, in the
USA for the period from 1998 to 2002, there were 463 cases reported and no deaths and in
Japan for the period from 1998 to 2008, there were 89 incidents, 1577 cases reported and no
deaths. The vast majority of these are case reports that generally involve only a small
number of individuals (e.g. three or four subjects). In a few of the studies multiple subjects
are involved, with several case reports involving slightly more than 100 individuals (FAO and
WHO, 2013).

CONCLUSIONS
Food safety relevant factors such as global canned fish trade and consumers’ eating habits
are changing. Therefore, there is a need to periodically revisit the histamine related food
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safety issues and consider any new related knowledge, data and trends which may enable
further improvements of histamine poisoning risk reduction strategies.
The presented case of histamine intoxication strongly suggests better recognition and
surveillance for histamine poisoning from fish are needed, particularly considering the
increased consumption of canned sardines.
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ABSTRACT
Listeriosis is an illness associated with infected food, i.e. bacterial pathogen Listeria monocytogenes.
Increase in numbers of listeriosis outbreaks on an international scale have been attributed to
consumation of raw fruits and vegetables, salads, cheeses, milk, meat, etc. The rate of mortality is
very high and estimated to 20-40%. Except illness and mortality, Listeriosis causes significant
economic losses. Listeria monocytogenes have dangerous health effect, the risk of illness warns all in
food production process, to raised interest in developing effecacious methods to kill, reduce or remove
pathogens that may be present in food.
It is known that plant essential oils have antimicrobial activity against a broad spectrum of bacteria.
Therefore, the subject of this study was to investigate the antimicrobial activity of various essential oils
on inhibition growth Listeria monocytogenes. Our studies have singled out the essential oils of
cinnamon, thyme, clove and lemon, in comparison to other investigated oils.
Key words: Listeria monocytogenes, essential oils, antimicrobials, growth inhibition

INTRODUCTION
Microorganisms frequently cause the food spoilage, so their presence is one of the biggest
problems that we are faced with when it comes to food production. Many microorganisms
such as Salmonella species, Listeria monocytogenes, Escherichia coli cause food spoilage
and diseases which are transmitted when people consume food products (Tocmo at al.,
2014; Kuzmanović et al., 2011.).. Growth and survival of microorganisms in food depend on
a number of internal factors of food (water activity, pH value) as well as external factors (the
storage temperature, humidity, storage time etc.). For that reason, various processes in food
production (heat treatment, curing, smoking, etc.) are used as a measure of preventing the
growth of pathogenic flora and agents causing food spoilage. For the same purpose
Chemical preservatives are added too (Sagdic et al. 2003). However, today, thanks to
changes in living standards, the development of new technologies, access to information,
consumers’ awareness is changing and increased attention is paid to the application of the
components of natural derivatives isolated from plants (Hsieh et al., 2001, Valero et al.,
2003, Soliman et al. 2002, Rabsch et al.,2001., O'Brien, 2002, Smid et al., 1999, Fasseas et
al, 2008, Gutierrez et al, 2008).
Spices and medicinal herbs have been used as food additives since ancient times to
enhance aroma and taste, and also as natural preservatives. The first scientific study
published in 1880 describes the effects of essential oil of cinnamon to anthrax spores. Also,
there are written records on the use of cloves as a good preservative against spoilage of
meat, various syrups, sauces and candies. Also there are records about other spices and
aromatic plants and evidences of their antimicrobial activity (rosemary, thyme, oregano,
sage, basil, garlic and onion etc.). (Burt, 2004, Gutierrez et al., 2008).
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Essential oils are aromatic, volatile substances, presented in different amounts in each plant
with a strong odor. According to their chemical structure, essential oils are a mixture of
terpenoids, aldehydes, ketones, esters, acids and alcohols. As secondary metabolites of
plants there are natural antimicrobial compounds in these oils (eugenol, carvacrol,
cinnamaldehyde, thymol ).
The genus Listeria appears in short coccoid gram-positive, aerobic to microaerophilic rods.
It is asporogenic and does not contain a capsule. It grows at the temperature between 1ºC to
45ºC, while the optimum temperature is between 20 and 25ºC (Helwigh i sur., 2012., Curtis
et al., 1989; Doyle and Bill, 1991; Beolin et al., 1992). The genus Listeria contains eight
species: L. monocytogenes, L. innocua, L. ivanovii, L. seeligeri, L. welsimeri, L. grayi. L.
murrayi and L.decui,. (Farber and Peterkin, 1991.): L. monocytogenes is pathogenic only for
humans and L. ivanovii is pathogenic for animals. L.
L. monocytogenes is widespread and can be resistant to various methods of food
preservation. It has the ability to survive under very adverse conditions and it is a major
problem for food products during storage in cool, because it can reproduce at temperatures
of cooling. In almost all experiments it has been proved that bacteria that belong to the genus
Listeria are even more resistant to radiation than E. coli, Campilabacter, Yersinia and
Staphylococcus species (Kathariou, 2002 Samelis et al., 1999). Listeria monocytogenes is
commonly found in unprocessed fresh food such as milk, milk products (yogurt, chocolate
milk, soft cheeses), meat and meat products (sausages, ham, pâté), RTE (ready to eat) food
(Čaklovica et al. 2011., , Kalaba et al. 2010., Markov et al 2009., Radin et al., 2007.).
Besides the products of animal origin, the source of Listeria can be raw materials and
products of vegetable origin (Aureli et al 2010.,Kovačević 2010., Popović et al., 2007.).
Listeria monocytogenes is the most efficiently spread through consumption of contaminated
food, or it may be transmitted from person to person or by inhalation of the microorganism.
After consuming food contaminated with the bacteria, symptoms of the infection may develop
over a period of 11 to 70 days. Risk group of consumers are the elderly, people whose
immune system is weakened and pregnant women. It is estimated that Listeria bacteria
cause 2500 infections every year (Doganay, 2003, Fleming et al., 1985).
Prevention of food contamination is important in all areas of food production. Especially we
must take into account that food after production and during the process of packaging can be
easily contaminated by the bacteria.
Natural extracts made from fresh plant material and biologically active compounds isolated
from different plant species which used for centuries in traditional medicine, can represent
precious sources for the production of new natural preservatives(Al-Fatimi et al.,., 2007).
The aim of this study was to investigate the inhibitory effect of essential oils on the growth of
Listeria monocytogenes. and to determine whether the essential oil show bactericidal or
bacteriostatic effect.

MATERIAL AND METHOD
Essential oils of rosemary, mint, eucalyptus, tea tree, cinnamon, klamath weed, thyme,
cloves and lemon were used in this study. Commercially available essential oil were
purchased in a pharmacy. To test the effect of essential oils on inhibition of growth of Listeria
monocytogenes it was used the method of diffusion of essential oils with cylinders, 9 mm in
diameter, which were placed on the surface of the seeded substrate. The culture of Listeria
monocytogenes WDCM 00020 (BCCM™/LMG BACTERIA COLLECTION, Belgium) was
seeded in appropriate liquid media, and incubated at 37º C / 24/48 hours. Petri plates with
the appropriate substrate (Muller-Hinton agar- Laboratorios CONDA S.A Spain) were
inoculated with 0.1 ml of bacterial suspension, which concentration was 107 cfu / ml.
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Sterile cylinders, under sterile conditions, were placed on the surface of the prepared Petri
plate. 10 μl of proper essential oil were added in the cylinder with a micropipette, and Petri
plates were incubated for 24/48 hours at 37 ºC.
The essential oil was used as pure, mixed with 96% ethanol in the ratio 1:1, as well as oil
mixed with alcohol in the ratio 2:1. As a control, 10 μl of 96% ethanol was added in the
cylinder. Three repetitions were carried out for each essential oil. After an incubation period
of 24 hours, the results were read, determining the diameter of zone of inhibition and the
arithmetic mean was calculated for each type of the essential oil.
Sensitivity of Listeria monocytogenes on antimicrobials was tested with standard disk
diffusion method (Kirby-Bauer 1996) using Muller-Hinton agar. The paper discs with
antimicrobial drugs, such as: gentamicin10 µg, ciprofloxacin 5µg, cefotaxime,
chloramphenicol 30 µg and ofloxacin 5 µg were placed on the surface of the substrate. As a
control, in the middle of the plate it was placed a metal cylinder, in which it was added 10 μl
of 96% ethanol.
Also, it was determined a certain type of activity of the essential oil. To determine if an
essential oil has bactericidal or bacteriostatic activity, a small piece of agar from the zone of
inhibition was cut off and added to the nutrient broth. The incubation was carried out at 37 °C
/ 24 hours. If, after the incubation, the broth gets turbid, it is considered that the effect of the
essential oil of the plant is bacteriostatic. If after the incubation broth remaines clear, the
effect of the essential oil of the plant is considered to be bactericidal.

Figure 1 and 2 Measurement of inhibition zone

RESULTS AND DISCUSSION
Antimicrobial activity of essential oils on the growth of Listeria monocytogenes was estimated
using disk diffusion method. After incubation for 24 hours at a temperature of 37 0С zones
of inhibition were measured, and the results are shown in the following tables and charts.
Table 1. Zone of inhibition of growth of Listeria monocytogenes (in mm) obtained with essential oils
Plant

Zone of inhibition in mm*
Essential oil : alcohol
Essential oils
1:1

Essential oil : alcohol
2:1

Rosmarinus officinalis
Mentha piperita
Eucalyptus meliodora
Tea tree
Cinnamomum zeylanicum
Hypericum perforatum L
Thimus vulgaris
Syzygium aromaticum
Citrus sinensis

8,00
23,30
9,66
9,66
30,00
32,60
38,30
25,00
20,00

8,33
20,00
10,33
9,66
28,60
33,33
28,30
23,30
24,00

8,00
21,60
9,66
9,00
28,30
31,00
38,30
23,00
18,30

281

III International Congress “Food Technology, Quality and Safety”

* The values in the table indicate the arithmetic mean calculated on the basis of three measurements of inhibition
zones

Table 1 shows the results of measuring of zones of inhibition of growth of Listeria
monocytogenes obtained by using different essential oils.
Strong antimicrobial effect on the growth of L. monocytogenes showed the essential oil of
thyme, as pure oil and oil -alcohol in the proportion of 1:1 (zone of inhibition of 38.30 mm)
while slightly weaker effect had the essential oil of thyme and alcohol in the proportion 2:1
(zone of inhibition 28.30 mm). The essential oil of klamath weed showed the best
antimicrobial effect in combination with alcohol of 2:1 (zones of inhibition of 33.33 mm), it
was slightly weaker as a pure oil (32.66 mm zone of inhibition) while in combination with
alcohol in the proportion 1:1 it had zone of inhibition of 31.00 mm. The essential oil of
cinnamon also showed good antimicrobial activity on L. monocytogenes as a pure oil (30.00
mm zone of inhibition), and it had slightly less effect in combination with alcohol 1:1 (zone of
inhibition of 28.30 mm) and 2:1 (zone of inhibition of 26.60 mm). The results of our study
show a good antimicrobial properties of pure essential oils of clove (zone of inhibition of
25.00 mm), mint (zone of inhibition of 23.30 mm). They had somewhat weaker effect in
combination with alcohol. The best antimicrobial effect on growth of L. monocytogenes
showed the essential oil of lemon combined with alcohol in the proportion of 2:1 (zone of
inhibition of 24.00 mm).
The research results reveal that all tested essential oils have shown antimicrobial effect on
the growth of L. monocytogenes, noting that the essential oils of rosemary, eucalyptus and
tea tree have shown somewhat weaker effect. The chemical components present in the
essential oil and their concentration determine its biological and pharmacological properties.
Thanks to the many components that a certain essential oil consists of, its antimicrobial
activity can be explained by the specific reactions that have multiple target sites on the
bacterial cell (Skandamis et al., 2001; Burt, 2004 Croteau et al., 2000 Longbottom et al.
2004.) Studies have shown that essential oils of some plants, despite not having strong
antimicrobial effect they reduce the pathogenicity of Listeria monocytogenes reducing
production of listeriolysin O and phosphatidylcholine - specific phospholipase S (SmitPalmer et al. 1998).
Comparing the results obtained by different authors, and the results of these studies, it can
be determined the relative antimicrobial efficacy of certain essential oils, according to which
thyme, saffron, cinnamon, cloves, lemon and mint have a strong antimicrobial potential
(Shan et al. 2011, Zhang, et al., 2009, Gutierrez, 2009. Popovic and Djurdjevic-Milošević,
2008, Smit- Palmer et al. 1998, Velebit et al. 2012).
Table 2 shows the results of measuring zones of inhibition of growth of Listeria
monocytogenes obtained by various antimicrobials. The strongest inhibitory effect exhibited
chloramphenicol (30.66 mm zone of inhibition) and ciprofloxacin (zone of inhibition of 29.33
mm).
Table 2. Zones of inhibition of growth of Listeria monocytogenes (in mm) obtained with antimicrobials
Antimicrobial drug

Zone of inhibition in (mm)

Gentamicin
Ciprofloxacin
Cefotaxime
Chloramphenicol
Ofloxacin

25,00
29,33
20,33
30,66
23,00

The values in the table indicate the arithmetic mean calculated on the basis of three measurements of inhibition
zone

If we show zones of inhibition of certain essential oils, whether they are in pure state or
alcoholic solution and compare them to zones of inhibition of antimicrobial drugs we get
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results as in figure 2. It is evident that thyme, klamath weed and cinnamon exhibit stronger
antimicrobial activity of all five tested antimicrobials.
Testing the type of action of essential oils, it has been found that pure essential oils of
cinnamon, thyme, clove, lemon, klamath weed and mint exhibit bactericidal effect on the
growth of Listeria monocytogenes.
Bacteriostatic effect on the growth of Listeria monocytogenes exhibited eucalyptus and tea
tree, in all combinations, as well as essential oils of cinnamon and mint in combination with
alcohol 1:1 and 1:2, while the essential oil of clove exhibited the same effect in combination
with alcohol in the proportion 1: 2.

Figure 3. Bacteriostatic and bactericidal activity of essential oils on inhibiting the growth of Listeria
monocytogenes

Bactericidal effect, which has essential oils of mint, cinnamon, klamath weed, thyme, cloves
and lemon, is the important characteristic of these essential oils, especially if we take into
account that food poisoning is happening more often today and resistance of pathogens to
antimicrobial drugs is increasing. The antimicrobial activity of essential oils and their
components may vary from partial to complete inhibition of growth of bacteria, so
bacteriostatic effect performed by the oils of rosemary, eucalyptus, tea tree confirms this fact.
According to some researches bactericidal / bacteriostatic effect of essential oils can
increase or decrease depending on the temperature and concentration of essential oils
(Smith-Palmer et al 1998).
Adding some herbs or essential oils in food, but still keeping tastes, flavors and fragrances
for special foods, can improve the quality of food, but also protect products from unwanted
Listeria monocytogenes.

CONCLUSION
Based on these results, related to the testing of the inhibitory effect of plant essential oils on
the growth of bacteria Listeria monocytogenes, the following conclusions can be carried out:
It has been noted that there is the difference in antimicrobial activity of the essential oils
according to the type of plants and the concentration of the essential oil. The strongest
inhibitory effect showed the essential oils of cinnamon, thyme, clove, klamath weed, lemon
and mint, while essential oils of thyme, klamath weed and cinnamon have stronger
antimicrobial activity than all five tested antimicrobials.
283

III International Congress “Food Technology, Quality and Safety”

Essential oils of rosemary, eucalyptus and tea tree exhibited somewhat weaker antimicrobial
effect on the growth of Listeria monocytogenes
Essential oils of cinnamon, thyme, clove and lemon exhibited strong bactericidal effect, and
essential oils of rosemary, tea tree and eucalyptus exhibited bacteriostatic effect
An effective mix to inactivate pathogenic bacterium can be provided by adding one or
combination of herbal essential oils. It allows efficient and economically justified approach in
the fight against bacteria resistant to existing antimicrobial drugs. Future tests could be
directed to investigate the effect of combination of essential oils on the growth of foodborne
pathogens.
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ABSTRACT
Organic agriculture is a production system completely different from the conventional one. In organic
orchards it is forbidden to use artificial pesticides and mineral fertilizers. Only natural methods of soil
fertilizing are allowed (cow manure, green manure, compost). Apricot fruits are one of the best sources
of bioactive compounds from different chemical groups as carotenoids (beta-carotene, lutein,
lycopene, zeaxanthin) as well as polyphenols (phenolic acids and flavonoids). Only natural preserving
methods as drying, fermentation, light pasteurization are allowed. The experiment was carried out in
2015. Organic and conventional dry apricots have been obtained from shops with organic and
conventional food. For a study purpose six dry apricot brands have been used (three for organic fruits
and three for conventional). The content of dry matter and carotenoids have been measured in fruits.
The obtained results showed that organic dry apricots contained significantly more dry matter, total
carotenoids, lutein, zeaxanthin as well as beta-carotene in comparison to the conventional samples.
Therefore is can be recommended to consume the organic dried apricots frequently.
Keywords: organic, conventional, dry apricots, carotenoids, dry matter

INTRODUCTION
Organic production is recognized by the consumers as safer and better than conventional
one (Crowder and Reganold 2015). In organic agriculture it is forbidden to use artificial
pesticides for plants protection as well as mineral fertilizers for plant growth. Only natural
methods of soil fertilizing are allowed (cow manure, green manure, compost) (Bryk et al.
2011, 2013; Konopacka et al. 2012). For plant protection only natural method are preferred
(natural predators, pheromone traps as well as sticky tables) (Czynczyk et al. 2008;
Granadstein, 2004). According to recent meta-analyses (Brandt et al. 2011, Smith-Spangler
et al. 2012, Barański et al. 2014) organically produced plants contain much more bioactive
compounds (for example polyphenols). These compounds are called “natural pesticides”
(Young et al., 2005). Studies have confirmed that organic fruits contained more bioactive
compounds compared to the conventional ones (Hallmann, 2012; Hallmann and
Rembiałkowska, 2012). Apricot fruits are very good source of bioactive compounds from
different chemical groups as carotenoids (beta-carotene, lutein, lycopene, zeaxanthin) and
polyphenols (phenolic acids and flavonoids) (Dragovic-Uzela et al. 2007; Drużyńska et al.
2008; Erdogan-Orhan and Kartal, 2011. There are very strict rules of the organic fruit
processing; none artificial additives and special technologies are allowed. Only natural
preserving methods as drying, fermentation, light pasteurization are allowed (Ellong et al.
2015; Heyes and Bycroft, 2002). Dried apricots are one of the favorite snacks, therefore the
quality is the most important issue and presented results could be very useful for the
consumers in many countries.

MATERIAL AND METHODS
The experiment was carried out in 2015. Organic and conventional dry apricots have been
obtained from shops with organic and conventional food. For a study purpose six dry apricot
brands have been used (three for organic fruits and three for conventional). Every brand was
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represented by three bags, 150 g each. The content of dry matter has been determined by
scale method. Samples of dry apricots were cut into small pieces (cubes). Samples of 2 g
were weight in glass plate and dried at 105 oC for 96 h. Samples were then removed from
drier and kept in a desiccator for 3 h. The content of dry matter was calculated.
Carotenoids have been measured by HPLC method (Hallmann, 2012). Sample preparation
included extraction of dry apricots cut into small pieces (5 g) with acetone (50 mL) using
ultra-high speed blender. Into HPLC-vial, 1 mL of supernatant was transferred. To determine
carotenoids the HPLC set-up consisted of two LC-20AD pumps, a CMB-20A system
controller, a SIL-20AC autosampler, an ultraviolet–visible SPD-20AV detector, a CTD-20AC
oven, and a Max-RP 80A column (250 x 4.60 mm) all from Shimazu. A mixture of methanol +
acetonitrile (phase A) and methanol + ethyl acetate (phase B) at a flow rate of 1 mL min -1
was used as an gradient solvent (1.00-14.99 min phase A 100%, 15.00-22.99 min phase A
40%, 23.00-25.00 min. phase A 100%) . The wavelength used for detection was 450–470
nm. Lycopene (Sigma–Aldrich, Warsaw, Poland) and β-carotene, alpha-carotene,
zeaxatnthin and lutein (Fluka, Warsaw, Poland), all with a purity of 99.98%, were used as
external standards. Each measurement was performed in triplicate.

RESULTS AND DISCUSSION
Dried organic apricots were characterized by higher dry matter content in comparison with
the conventional samples, but the difference was not statistically significant (Tab. 1). It was
shown that different tested brands of dried apricots contained significantly differed dry matter
content in the product (Table 1).
Table 1. The content of dry matter (in g/100 g of dry product) and carotenoids (in µg/g of dry product)
in dry apricots from organic and conventional production
brands/compound

dry matter

total
carotenoids

lutein

zexanthin

alphacarotene

Bioplanet (organic)

79.63±0.87 e1

16.63±0.35 e

0.37±0.03 b

0.14±0.02 bc

0.54±0.01 d

15.58±0.29 f

Biosfera (organic)

76.12±0.13 c

11.57±0.19 d

0.25±0.02 a

0.15±0.02 a

0.35±0.02 c

10.81±0.17 e

Symbio (organic)
Eco+
(conventional)
Hello natura
(conventional)
Makar
(conventional)

75.17±0.36 bc

10.22±0.13 c

0.28±0.01 a

0.10±0.00 a

0.34±0.01 c

9.50±0.11 d

74.50±0.32 b

4.16±0.18 b

0.26±0.04 a

0.10±0.01 a

0.13±0.02 b

3.67±0.12 c

77.85±0.73 d

1.74±0.02 a

n.d.

n.d.

0.08±0.00 a

1.66±0.02 a

64.95±0.27 a

3.68±0.13 b

0.27±0.04 a

0.11±0.01 ab

0.13±0.01 b

3.17±0.12 b

76.97±2.09 a

12.81±2.93 b

0.30±0.06 b

0.13±0.03 b

0.41±0.10 b

11.96±2.78 b

72.43±5.81 a

3.19±1.12 a

0.18±0.13 a

0.07±0.05 a

0.11±0.03 a

2.83±0.91 a

p-value
system of
production

n.s.

<0.0001

0.0195

0.0079

<0.0001

<0.0001

brands

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

organic dry
apricots
conventional dry
apricots

betacarotene

The higher dry matter content in organic raw materials and products is associated with lower
water content in the tissues of the organic fruit and vegetables and this is a fact established
in many studies (Hallmann, 2012; Hallmann and Rembiałkowska 2012. Kapusta-Duch et al.,
2012; Barański et al., 2015; Ellong et al., 2015). This is due to the differences in the
agrotechnical conditions (fertilization and fertilizer types) used during the cultivation. On the
other hand, different water content in organic dried apricots is also a result of the application
of various techniques for drying and preservation of fruits during the technological process.
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According to Alagöz et al. (2015) different amounts of potassium sorbate added to fruits
during a drying process had a positive impact on dry matter content in the final product.
Combinations with a higher concentration of potassium sorbate were characterized by
significantly lower water content in the final product. Of course the use of such additives is
prohibited in the case of organic production (Heyes and Bycroft 2002). Dried apricots are a
very good source of carotenoids.
According to Świetlikowska et al. (2008) and Chang et al. (2016) dried fruit may contain 14.022.2 µg/g of carotenoids, of which the most abundant is beta carotene. In our studies organic
dried apricots were characterized by significantly greater total carotenoids content (in this
beta-carotene) compared with conventional samples (Tab. 1). At the same time, it has been
observed that the products of individual brands significantly differed among themselves in
terms of total carotenoids, including beta-carotene. Very interesting thing is that all the
samples of dried organic apricots contained almost 4 times more carotenoids in total,
including beta carotene, compared with conventional apricot brands (Tab. 1). Other
carotenoids identifiable in dried apricots are lutein and zeaxanthin and alpha-carotene
(Fratianni et al. 2015). Contents of lutein and zeaxanthin were significantly higher in samples
of organic dried apricots and amounted respectively 0.30 µ /g and 0.13 µg/g of dried fruits
(Table 1).
A characteristic feature of the conventional production of dried apricots is preservation with
sulphur (sulphuring) what is related to food safety. In accordance with the safety standards
the ADI value for sulphates in food is 0.7 mg/kg of body weight, that is, for an adult (with a
mass of 80 kg) the maximum content of sulphites in dried apricots should be 60 mg per
person per day. Producers of dried apricots do not have the obligation to indicate on the label
the sulphate concentration in the product. Higher concentrations of sulphur solution is
causing greater accumulation of sulfates in the final product (Altunay and Gürkan, 2016). At
the same time, the visible effect of sulphate use is keeping dried apricots clear, but it is not
connected with the content of carotenoids in fruit samples.

CONCLUSIONS
1. Dry apricots from organic production contain significantly more total carotenoids, lutein,
zeaxanthin, alpha-carotene and beta-carotene when compared to the conventional ones.
2. The composition of dry apricots from organic production was more profitable than from
the conventional production in terms of the nutritive value.
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ABSTRACT
Three Serbian traditional fermented sausages Sremski kulen (S), Lemeški kulen (L) and Petrovačka
kobasica (P) were compared for some physicochemical and sensory characteristics. The sausages
were produced, collected and analyzed within two production seasons in traditional practice. Water
activity (aw) and mean values for the gross composition varied significantly (P<0.05), especially due to
moisture, fat and total protein content, which reﬂected diﬀerences in basic formulation of raw sausage
mixture, the type of casing and some technological procedures. The obtained results for free fatty acid
content (15.2 (P) - 22.4 (L) mg KOH/g lipid) and TBARS value (0.27 (S) - 0.55 (L)
mg malondialdyde/kg) indicated low level of lipid oxidation in all samples. This finding was confirmed
by relatively high sensory scores for odor and taste (low rancidity) of these traditional sausages at the
end of drying and ripening process.
Keywords: dry-fermented sausages, traditional practice, lipid oxidation, odor and taste

INTRODUCTION
Traditional food products have specific quality attributes that are inseparably linked to the
places where they are produced and their reputation is associated with a geographical
indication that identifies them (Vandecandelaere et al., 2009). More specifically, regional
customs, environmental conditions, family recipes, ingredients and other factors have given
rise to a wide range of traditional fermented sausages Europe wide. Hence, it can be said
that there are almost as many types of sausages as there are geographical regions and
manufacturers, although their production processes always require the combination of
fermentation and drying (Ordóñez and De la Hoz, 2007; Marcos et al., 2016).
Kulen is a fermented sausage produced from high-quality meat of mature pigs, seasoned
with ground red hot paprika, stuffed into pork appendix or rectum, and preserved by smoking,
fermentation and drying, followed by ripening. This type of sausage is traditionally produced
in some areas of Pannonian Plain, such as northern Serbia (Province of Vojvodina), eastern
Croatia (regions of Slavonia and Baranja) and southern Hungary. In Vojvodina, Kulen is
produced in regions of Srem and Bačka. Sremski kulen, Lemeški kulen and Petrovačka
kobasica are the most important fermented sausages from Vojvodina (Ikonić et al., 2010;
Vuković et al., 2011; Vuković et al., 2012). Although several reports have considered the
physicochemical, biochemical and microbiological characterization of these sausages
(Danilović et al., 2011; Vuković et al., 2011; Tasić et al., 2012; Vuković et al., 2012; Ikonić et
al., 2013; Šojić et al., 2014; Škaljac et al., 2014; Vasilev et al., 2015) no studies are available
in the literature comparing their properties. Accordingly, the aim of this study was the
comparison of some physicochemical and sensory characteristics of three traditional
fermented sausages with reputed geographical indication, Sremski kulen, Lemeški kulen and
Petrovačka kobasica, manufactured in Vojvodina (northern Serbia).
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MATERIAL AND METHODS
Samples
The fermented sausages considered in this study are: (a) Sremski kulen, manufactured in
the Srem region, area nearby towns of Sremska Mitrovica and Šid, (b) Lemeški kulen,
manufactured in the northwestern part of Vojvodina province (Svetozar Miletić village,
Municipality of Sombor), and (c) Petrovačka kobasica, manufactured in the western part of
Vojvodina province (Municipality of Bački Petrovac). The manufacturing procedures are
shown in Figure 1. The sausages are generally supplied on the market after 4-6 months of
smoking, drying and ripening process. The weight of Sremski kulen and Lemeški kulen was
700-800 g and the diameter varied from 70 to 90 mm, while the weight of the Petrovačka
kobasica was 500-600 g and the diameter ranged from 40 to 50 mm. The sample sausages
were supplied in triplicate (different batches) by local producers and were stored in vacuum
package at 4 ⁰C, pending analyses. All the analyses were carried out in duplicate for each
batch.

Figure 1. Manufacturing protocols of three Serbian traditional fermented sausages
(S - Sremski kulen; L - Lemeški kulen; P - Petrovačka kobasica)

Physicochemical analysis
The pH of samples was measured using the portable pH meter Testo 205 (Testo AG, USA)
equipped with a combined penetration tip with temperature probe. Water activity (aw) was
determined using Testo 650 measuring instrument with a pressure-tight precision humidity
probe (Testo AG, USA).
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Moisture, fat, protein (Kjeldahl N x 6.25), hydroxyproline (collagen), ash and NaCl contents
were quantified according to ISO recommended standards (ISO 1973; 1994; 1978; 1996a;
1997; 1998). Free fatty acid content was determined according to ISO protocol (ISO
1996b) and calculated as mg KOH per gram of lipid. TBARS (2-thiobarbituric acid reactive
substances) test was performed using the method of Bostoglou et al. (1994).
Spectrophotometer Jenway 6300 (Jenway, Felsted, United Kingdom) was used. TBARS
values were expressed as milligrams of malondialdehyde per kilogram of sample.
Sensory evaluation
The evaluation of odor and taste was performed by six-member panel with previous
experience in testing fermented sausages. The casing was removed and the sausages were
cut into slices of approximately 3 mm thickness and served at room temperature on white
plastic plates. Panel tasters were asked to score the samples for odor and taste by using a 0
(worst) to 5 (best) scale, paying particular attention to rancidity.
Statistical analysis
One way (ANOVA), Post-hoc (Duncan test) was performed using the software package
Statistica 12 (Stat Soft, Tulsa, OK, USA). Differences were considered significant at P<0.05.

RESULTS AND DISCUSSION
The highest mean values of pH and aw (Fig. 1) were measured in L (5.60 ± 0.34;
0.85 ± 0.03), while the lowest values of these parameters were determined in P (5.37 ± 0.13;
0.81 ± 0.04).

a–b

Mean values of aw with different superscript letters are signiﬁcantly different (P<0.05).

Figure 2. Water activity (aw) and pH values of three Serbian traditional fermented sausages
(S - Sremski kulen; L - Lemeški kulen; P - Petrovačka kobasica)

Based on the results shown in Fig. 1 it can be concluded that sausages S and L,
characterized by a wider diameter (Ø≈85 mm) and lengthy process of drying and ripening
(at least 5 months) had higher mean values of pH and aw compared to P, which is
characterized by significantly narrower diameter (Ø≈45 mm) and shorter production process
(3-4 months). Higher pH in S and L samples is presumably the result of a long-term ripening
process and intense degradation of proteins, followed by the liberation of peptides, amino
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acids, ammonia, amines and other compounds that lead to an increase of pH (Kaban and
Kaya, 2009; Spaziani et al., 2009; Ikonić et al., 2013). Higher mean values of aw in S and L
samples were probably the result of a wider diameter, i.e. slower moisture diffusion from the
center to the surface of the product. Despite the significant differences, all a w values
registered in examined sausages were within the usual range of values found in different
European fermented sausages (Di Cagno et al., 2008; Talon et al., 2008; Spaziani et al.,
2009).
The compositional analysis of three Serbian dry-fermented sausages is shown in Table 1.
The values of moisture content for S and L were significantly (P<0.05) higher (35.8% and
33.0%) than that found for P (21.2%). On the contrary, the content of fat in P (38.7%) was
significantly (P<0.05) higher than those determined in S and L (14.6% and 21.5%). The
highest concentration of protein and the lowest share of collagen in total protein (P<0.05)
was found in samples of S, being 38.1% and 4.20%, respectively. Also, the levels of NaCl
ash were found to be the highest (P<0.05) in S sausage (4.40% and 6.90%).
Table 1. Proximate composition of three Serbian traditional fermented sausages
Sremski kulen
Lemeški kulen
Petrovačka kobasica
a

33.0 ± 4.51

a

21.5 ± 4.81

b

36.6

a

5.30 ± 1.11

c

5.90 ± 0.66

b

3.80 ± 0.49

Moisture (%)

35.8 ± 2.71

Fat (%)

14.6 ± 3.19

Total protein (%)

38.1 ± 5.92

Collagen/total protein (%)

4.20 ± 0.87

Ash (%)

6.90 ± 0.88

NaCl (%)

4.40 ± 0.49

a–c

a

21.2 ± 2.08

b

38.7 ± 2.92

ab

b
c

a

± 3.98

32.1 ± 3.02

b

7.50 ± 0.97

c

b

5.10 ± 0.40

a

3.60 ± 0.43

a
a

Means within a row with different superscript letters are signiﬁcantly different (P<0.05)

Free fatty acid and TBARS values of three Serbian fermented sausages are given in Table 2.
Free fatty acid contents were within the range between 15.2 mg KOH/g lipids (P) and
22.4 mg KOH/g lipids (L). The increase in free fatty acid content is probably the result of
lipolytic enzymes activity, both endogenous and microbial ones. Lipolytic changes are
followed by oxidative changes and malondialdehyde is a typical degradation product of lipid
hydro peroxides and peroxides formed during the oxidation of polyunsaturated fatty acids.
Thus, TBARS content, which reflects the content of malondialdehyde, is widely used as an
indicator of the degree of lipid oxidation and is considered an important quality index for pork
sausages (Zhang at al., 2013; Fan et al., 2014). The content of this lipid oxidation product in
analyzed sausages varied from 0.27 mg/kg (S) to 0.55 mg/kg (L). The obtained results are in
agreement with the previously published findings of several authors (Vuković et al., 2011;
2012; Zhang at al., 2013; Šojić et al., 2014).
Table 2. Lipolytic and lipid oxidative parameters of three Serbian traditional fermented sausages
Sremski kulen
Lemeški kulen
Petrovačka kobasica
Free fatty acid content

ab

19.8

b

± 4.30

a

22.4 ± 2.75

15.2 ± 7.13

0.55 ± 0.42

0.40 ± 0.16

(mg KOH/g lipid)
TBARS

0.27 ± 0.08

(mg malondialdyde/kg)
a–b

Means within a row with different superscript letters are signiﬁcantly different (P<0.05)

Table 3. Sensory scores for odor and taste of three Serbian traditional fermented sausages
Sremski kulen
Lemeški kulen
Petrovačka kobasica
Odor and taste

4.30 ± 0.54

4.49 ± 0.19
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The results of sensory evaluation of odor and taste of sausages are shown in Table 3. The
highest score of this sensory property was given to sausage P (4.65), but identified
differences were insignificant (P>0.05). This analysis confirmed high sensory acceptability of
these traditional sausages, indicating high lipid oxidative stability (low rancidity) at the end of
ripening process.

CONCLUSIONS
Traditional fermented sausages, Sremski kulen, Lemeški kulen and Petrovačka kobasica
have distinguishing features witch are result of geographical indication, formulation of raw
sausage mixture, type of natural casing used and some technological procedures. With
respect to lipid oxidative changes all sausages showed high stability, resulting in high
sensory scores for odor and taste (low rancidity).
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PRODUCTION QUALITY OF FALSE FLAX (Camelina sativa (L.) Crantz)
'STEPSKI' SEED, A NEW PROMISING OILSEED CROP FOR DIFFERENT USES
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ABSTRACT
Novel or specialty oil crops are in demand by the processing industry, and their worldwide
consumption has increased by over 50% in the past few decades. False flax (Camelina sativa (L.)
Crantz) has several agronomically important traits that make it attractive as an alternative spring-sown
crop for tight crop rotations. False flax oil is rich in polyunsaturated C18-fatty acids, making it a
valuable renewable commodity for the food and oil-chemical industries. Meal after oil extraction can be
used as feed. Because of the minimal interest in the crop throughout the 20th century, breeding efforts
have been limited. Owing to increased needs for food and vegetable oils, false flax has made a
comeback and is currently grown on small areas. The Institute of Field and Vegetable Crops in Novi
Sad has created a collection of false flax genotypes with the current stock of 55 accessions. The oil
and protein content of the cultivar 'Stepski' in long-term trial varied between 28.42% and 38.63%, аnd
from 25.64% to 28.78%, respectivelly. False flax oil has unique fatty acid content. The most important
fatty acids and their contents are as follows: linolenic acid 30%, linoleic 18.3%, oleic 16.5%
eicosapentaenoic acid 14.3%, palmitic 5.2% and erucic acid 2.7%, which suggests that seed oil can
be used as a drying oil with environmentally safe painting and coating applications similarly to flaxseed
oil. It is especially valuable as a source of omega-3 fatty acids in human nutrition. There are several
necessary preconditions before this crop can be reintroduced, such as enrichment of oil crops genetic
resource collections with false flax genotypes, multi-location and long-term trials for assessment of
agronomic and quality traits, crossing the selected genotypes in order to create improved cultivars,
and research on optimal cultivation practices.
Keywords: camelina, false flax, fatty acids, genetic resources, plant breeding

INTRODUCTION
False flax (Camelina sativa, eng. gold of pleasure) is one of the oldest cultivated oil crops. It
belongs to the Brassicaceae family. The center of false flax origin is south-eastern Europe
and south-western Asia. False flax had been grown in Europe as an important oil crop for
many centuries, before it was replaced by other higher yielding cultivated crops, such as
rapeseed and wheat. False flax has several important agronomic advantages (Dambroth and
Seehuber, 1988) such as earliness, low water and nutrient requirements, adaptability to
adverse environments, and tolerance to dominant diseases and pests (Gehringer et al.,
2006; Séguin-Swartz et al., 2009; Moser, 2012). Due to its high seed oil content (36–47%)
which is double than in soybean (18–22%), and fatty acid composition (49% unsaturated
fatty acids), false flax has a large potential as a sustainable and renewable resource for
various industries, such as those of aviation fuels, biodiesel, and high-quality industrial
lubricants.
Apart from that, it is an additional source of essential fatty acids due to extremely high
content of α-linolenic acid, which makes up 32–40% of total oil content. Other fatty acids in
combination with low content of glucosinolates in false flax meal make it suitable for feed.
With its wide uses, false flax has once again become an interesting industrial oil crop.
However, genetic and genomic resources of false flax are insufficiently available, and this
promising crop is inadequately utilized (Kagale et al., 2014).
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MATERIAL AND METHODS
A collection of different false flax genotypes was established at the Institute of Field and
Vegetable Crops (IFVCNS), Novi Sad, Serbia, so as to test the possibility of using it as an oil
crop. It began with introduction of one genotype 'Stepski 1' from Ukraine in 2004 and
amounted to total of 55 genotypes through exchange with other institutions. The majority of
these genotypes were introduced into the collection in 2016 owing to the project “Introducing
CAMELINA - a sustainable future oil crop”. The cultivar 'Stepski' was analyzed for seed oil
and protein content during 2004-2015 and fatty acid composition in 2008 and 2010. The trial
fields were carried out at Rimski Šančevi (N 45°19′ E 19°50′), in the vicinity of Novi Sad,
Serbia. Each plot consisted of 4 rows, 0.25 m apart and 3.6 m long making the harvest area
of individual plots equal to 3.6 m2. Standard cultivation practices for this crop were applied.
Harvest was performed manually and all plants in each plot were threshed together. At
maturity, seed oil and protein content were measured in whole, unpeeled seed. The oil
content was determined using the NMR (Nuclear Magnetic Resonance) method, and
expressed as a percentage of seed mass. The protein content was determined using the
classical Micro Kjeldahl method, whereas the fatty acid composition was analyzed by gas
chromatography (GC) method.

RESULTS AND DISCUSSION
Oil and protein content for 'Stepski' are shown in Figure 1, and fatty acid content and
composition in Figure 2. Oil and protein content varied depending on year since the plot and
cultivation practices remained unchanged. Oil content varied between 28.42% and 38.63%,
and the average oil content for all years was 34.73%. The average oil content reported by
Stepphun et al. (2008) was somewhat lower, around 30%, due to substrate with increased
salinity, which resulted in decreased values of most agronomically important traits. Oil
content within the variation scope for 'Stepski' in this study was similar to Vollmann et al.
(2007), who pointed out the negative correlation between oil content and 1000 seed weight.
This should be in focus of breeding programs when selecting the cultivars which have high
values of both of these traits. The protein content varied between 25.64% and 28.78%. The
average protein content for all years was 26.98%. Based on the results, it is evident that
there was a negative correlation between these important quality parameters, whereby oil
content varied more in different environments.

Figure 1. Oil and protein content in 'Stepski' for the period 2004-2015

False flax oil has unique fatty acid content. The cultivar Stepski from the collection has about
82% polyunsaturated essential fatty acids, but this GC analysis detected as much as 92%.
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The most important fatty acids and their contents are as follows: linolenic acid 30%, linoleic
18.3%, oleic 16.5% eicosapentaenoic acid 14.3%, palmitic 5.2%, and erucic acid 2.7% (Fig
2). Similar content was reported by Toncea et al. (2013) for the first Romanian released
cultivar Camelia. The value of false flax is often compared to that of rapeseed (Colombini et
al., 2016), for they both belong to Brassicaceae family and have similar oil content and
growing conditions.

Figure 2. Content and composition of fatty acids in 'Stepski' (mean values in 2008 and 2010)

CONCLUSIONS
Based on the results of 'Stepski' seed analyses, it can be concluded that it has high
production values of seed (oil content and composition, and protein content) and can be
used in food and feed industries. Thus, it should be included into breeding programs and
further analyzed for agronomically important traits.
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ABSTRACT
Human noroviruses are predominant cause of epidemic and sporadic food-borne gastroenteritis in
industrialized countries. Priority food categories, vehicles of viruses in many reported outbreaks,
beside shellfish are food of plant origin including berries, lettuce, tomatoes and green onions. These
items, as well as deli ham are often components of many ready-to-eat foods.
The aim of this study was to assess the effect of different food matrices on norovirus detection. Stool
sample with previously determined concentration of norovirus GII particles, was used to inoculate
surface of lettuce, tomatoes, green onions and deli ham slices. For virus RNA extraction the direct
method was used followed by RT-qPCR assay with SYBR green one-step kit and degenerate MON
primers for the detection of GII norovirus. Obtained mean Ct values and Ct alterations calculated for
each level of inoculation revealed that tomato had no inhibitory effect on NoV GII detection, followed
by one log decrease of RT-PCRU due to properties of green onions, and two log decrease for lettuce
and deli ham slices.
The adsorption of viruses to different solid surfaces depends on their complexity and food surface
factors such as presence of hydrophobic domains and acid/base groups, virus specific ligands, etc.
This is important since many fruits and vegetables have complex surfaces that prevent the removal of
viruses by simple washing and may decrease desiccation effects that could lead to virus inactivation.
Keywords: noroviruses, food, detection, RNA extraction, RT-qPCR

INTRODUCTION
Human enteric viruses, e.g. noroviruses, hepatitis A virus, rotaviruses, hepatitis E virus, are
progressively identified as the leading cause of foodborne diseases worldwide. According to
the latest report of EFSA and ECDC (2015), the most foodborne outbreaks, in 32 European
countries in 2014, were caused by viruses. In the United States, estimation is that 31
pathogens cause 9.4 million foodborne illnesses, 128,000 hospitalizations, and 3,000 deaths
annually (CDC, 2014). Viruses are at the leading position causing an estimated 58% (5.5
million) of those foodborne illnesses (Scallan et al., 2011). From all foodborne viruses,
norovirus is recognized as a main cause of epidemic and sporadic foodborne gastroenteritis,
therefore representing substantial public health burden (Head and Lopman, 2016).
Generally, acute gastroenteritis (AGE) causes a significant global disease burden estimated
at 89.5 million disability-adjusted life-years (DALYs) annually (Murray et al., 2012), and
norovirus is associated with around one fifth of AGE episodes worldwide (Ahmed et al.,
2014). The introduction of rotavirus vaccines has led to tremendous reductions in the AGE
burden in some European states (Karafillakis et al., 2015), as well as in countries with
national programs, which has, in turn, made norovirus the primary cause of AGE across all
age groups. One of the most sensitive population group are young children, since the
incidence among children aged <5 years is about 4 times higher than for those aged ≥5
years (O’Brien et al., 2016). Moreover, among young children and the elderly person severe
and prolonged illness which lead to hospitalization is more frequently reported, as well as an
important cause of chronic gastroenteritis for immunocompromised patients (Bok and Green,
2012).
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Noroviruses belong to the Caliciviridae family, which is composed of five genera, of which
Norovirus and Sapovirus genera contain primarily human viruses, while the other genera
contain animal viruses (Clark et al., 2012). Human noroviruses are nonenveloped RNA
viruses, approximately 27 to 38 nm in diameter, icosahedral in shape and contain singlestranded positive-sense RNA genomes ranging in size from 7.4 to 8.3 kb and, except for
murine norovirus, contains 3 open reading frames (ORF1, ORF2, and ORF3). ORF1
encodes a polyprotein that is cleaved into seven nonstructural mature proteins (NS1 to NS7)
that are involved in viral replication. ORF2 encodes the major structural protein (VP1) of
approximately 60 kDa, and ORF3 encodes a minor structural protein (VP2). Noroviruses are
genetically classified into 6 established genogroups (GI to GVI) (Green, 2013), while
tentative genogroup VII is proposed by Vinjé (2015). GI and GII viruses are responsible for
the majority of disease in humans.
Viruses are transmitted by contaminated food or water, through person-to-person contact,
and by cross-contamination from surfaces (Teunis et al., 2008). Foods at risk for the
presence of enteric viruses comprise those which are exposed to extensive handling, such
as leafy vegetables, deli items, and other ready-to-eat foods that do not undergo further
processing, and those subject to environmental contamination, such as seafood and fresh
produce (Radin, 2013). Canada reports 20.5 million cases of enteric illness annually, and
estimation of the relative role of various subcategories of food, water, and animal contact
transmission of 28 enteric diseases (Butler et al., 2016) revealed that raw produce was most
frequently identified as the dominant source for parasitic and viral infections. The number of
reported foodborne outbreaks associated with fresh fruits and vegetables consumption in the
United States and European Union during the period 2004–2012, in a total was 377 and 198,
respectively. A wide spectrum of food vehicles have been involved in produce-associated
outbreaks while among all microorganisms, norovirus with 59% in the United States and 53%
in the European Union associated outbreaks, was the main pathogen responsible (Callejon
et al., 2015).
Even though human noroviruses accounts for more than half of fresh produce-associated
outbreaks, their detection is troublesome and the mechanisms of interaction with fresh
produce are not quite well understood. The aim of this study was to assess the effect of
different food surfaces and matrices on norovirus detection.

MATERIAL AND METHODS
For virus inoculation onto food items, stool sample containing norovirus genogroup GII,
diluted in phosphate-buffer saline was used. Titers of these virus stocks were determined by
PCR unit end point dilution using real-time RT-PCR assay for noroviruses. All commodities
(tomato, lettuce, green onion and sliced deli ham) obtained from local retail store, were
rinsed with sterile DDI H2O and 5% tri-sodium phosphate (TSP), kept under UV light for 3
min, and 25 g samples of produce were artificially contaminated with 100 μL of tenfold of
serial dilutions of the stool samples containing norovirus GII. Experiment included the
samples that were spiked with phosphate-buffer saline to serve as a negative control.
For virus RNA extraction the direct method with TRIzol reagent (INVITROGEN) was used.
After rinsing the produce with 1 mL of reagent, the viral RNA-containing aqueous layer was
extracted after the addition of 0.2 mL of chloroform, and precipitation in 0.5 mL of
isopropanol. The resulting RNA pellet was washed with 70% ethanol, air dried, and
suspended in 40 μL of RNase-free water. Additional purification of isolated virus RNA was
carried out with QIAShredder Mini Spin Column (QIAGEN). Extracted RNA was stored at -80
°C.
Isolated RNA was analyzed by real-time RT-PCR using norovirus highly specific degenerate
primers GII MON 431: 5’ TGG ACI AGR GGI CCY AAY CA 3’ and MON 433: 5’ GGA YCT
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CAT CCA YCT GAA CAT 3’ (Richards et al., 2004). Primers were obtained from SigmaGenoSys (St. Louis, MO).
Real-time RT-PCR was performed using the Invitrogen SuperScript™ III Platinum® SYBR®
Green One-Step qRT-PCR Kit. Preparation of reaction mixes and assays was carried out ac
cording to manufacturer protocol, reverse transcription at 50°C/40 min, denaturation 94° C/12
min, followed by 45 cycles at 94 °C/1 min, annealing at 50°C/1 min and extension at 61 °C/1
min and final extension at 77°C. RNA internal amplification control (IAC) at optimized
concentration was added in order to eliminate false negative results due to inhibitors (Radin
et al., 2012).

RESULTS AND DISCUSSION
For direct extraction of norovirus RNA from all tested food items (tomato, lettuce, green onion
and sliced deli ham) the TRIzol method had been used. Based on end-point detection the
standard curve of original stool samples was generated and used in the following
experiments (Figure 1). Stool samples at decimal dilutions of 10,000, 1,000 and 100 RT-PCR
units were used for spiking of food samples. Obtained threshold cycle (Ct) values in RTqPCR assay and Ct alterations calculated for each level of inoculation revealed that surface
of tomato had no inhibitory effect on norovirus GII detection, followed by approximately one
log decrease of RT-PCR viral genome copies due to properties of green onions, and two log
decrease for lettuce and deli ham slices (Table 1). The presence of IAC was confirmed by
melting temperature (Tm) analysis displaying peaks at 84.5 °C, as well as agarose gel
electrophoresis yielded amplification products of 213 bp for norovirus and 150 bp for the
RNA IAC, as expected (results not showed).

Figure 1. Standard curve for stool samples used for spiking coupled with data from
RT-qPCR assay for norovirus detection from food products

Table 1. Obtained threshold cycle (Ct) values in RT-qPCR assay for detection from tomato, onion,
lettuce and deli ham and stool samples used for inoculation
Norovirus GII RT-PCRU used for inoculation
Commodity
10 000
1 000
100
Stool
Tomato
Onion
Lettuce
Deli ham

15.8±0.2
16.0±0.5
18.9±0.5
22.2±0.6
22.7±0.6
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19.8±0.3
19.6±0.4
21.6±0.1
24.7±0.5
24.2±0.5

22.2±0.1
23.0±0.2
25.5±0.5
27.6±0.6
26.8±0.6
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In RT-qPCR assay the increase in threshold cycle (Ct) reflects decrease of viral genome
copies (Bustin et al., 2005). It could be assumed that more virus particles have been
attached on the surface of the food items that could not be eluted during the norovirus RNA
isolation step. If they remain attached to the food matrix, it could be of significant health risk,
because outside the human host, the norovirus is environmentally stable and has an
estimated 50% human infectious dose (HID50) ranging from 18 to 1,015 genome equivalents,
although a recent study estimated that the HID50 is more similar to those of other RNA
viruses (1,320 to 2,800 particles) (Atmar et al., 2014).
Virus binding to foods depends, among others on different physicochemical factors. The size
of viruses is similar to that of colloids. The Derjagnin-Landau-Verwey-Overbeek (DLVO)
theory of colloidal stability states that adherence of a colloid to a surface result from the
interaction of two opposing forces: attractive Van der Waals forces and repulsive electrostatic
forces (Le Guyader and Atmar, 2008). Factors that affect the electrostatic forces include: pH,
ionic strength of the solution, the presence of compounds competing for sorption sites,
properties of the virus (isoelectronic point, pI), and properties of the sorbent. For example, if
pH values decrease the pI-net charge of the virus particle is positive, and vice versa.
For lettuce, as one of the most often implicated fresh vegetable in human norovirus
foodborne outbreaks, it has been discussed that electrostatic forces play a major role in
controlling virus adsorption (Lamhoujeb et al. 2009) and that lettuce seems to have the
highest adsorption capacity and the most favorable conditions for viral persistence because
of the size and the wrinkled texture of its leaves (Croci et al. 2002). On the other hand,
human NoV virus-like particles associate with the surface of Romaine lettuce aggregating in
and around the stomata, while in green onions between the cells of the epidermis and cell
walls of both the shoots and roots, what suggests that viruses differ in their localization
patterns to varieties of fresh produce (DiCaprio et al., 2015). Additionally, the performance of
elution buffers is not exactly the same even on two types of berries (raspberries and
strawberries) suggesting that these two sorbents have different binding characteristics (Butot
et al., 2007).
Different circumstances could be pointed out regarding tomato, as the capacity for human
norovirus to persist in an infectious state on its surface is not known precisely (EFSA
BIOHAZ Panel, 2014). Results showed in this study, could lead to the conclusion that its
surface is not approachable for virus attachment. Tomato is very rarely identified in norovirus
associated outbreaks and best to our knowledge (Radin, 2012) only one outbreak was
reported in the EU between 2007 and 2012, due to a vomiting food handler during buffet
preparation in catering. Tomato is infrequently in focus of investigations, but Stals et al.
(2011) detected norovirus in 7 out of 30 samples of cherry tomatoes of which in two samples
both norovirus genogroup I and genogroup II signals were present. Furthermore, Yilmaz et
al. (2011) analyzing tomatoes from salad bars and restaurants in Istanbul found single
sample contaminated with norovirus GII out of the 95 tested. Neither of these investigations
has been connected to outbreaks.
For all of these reasons, it is needed to investigate each type of food surfaces/matrices, in
order to have a better perspective on possibilities to detect noroviruses and especially on
potential measures to inactivate or remove them. For example, because human norovirus
GII.4 strain attach efficiently to the Romaine lettuce leaves and roots and green onion
shoots, washing with PBS or 200 ppm of chlorine remove less than 0.4 log of viral RNA
copies from the tissues and hence is ineffective for treatment of these produce (DiCaprio et
al., 2015).

CONCLUSIONS
Virus detection from food includes diverse challenges, such as typically low viral load,
extreme genetic heterogeneity, presence of food components that inhibit molecular assays;
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the adsorption of viruses to food surfaces depending on complexity, binding characteristics,
different physicochemical factors, varieties of localization patterns, etc. In this study tomato
had no inhibitory effect on norovirus GII detection, followed by approximately one log
decrease of RT-PCRU due to properties of green onions, and two log decrease for lettuce
and deli ham slices. The need to investigate each type of food surfaces/matrices in order to
have a better perspective on possibilities to detect noroviruses and especially on potential
measures to inactivate or remove them is evident.
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ABSTRACT
According to significance and frequency of their occurrence in our agro-ecological conditions, the most
important lettuce pathogens are Botrytis cinerea and Sclerotinia sclerotiorum, and choice and dynamic
of fungicide application in plants such as lettuce are additionally hardened by short vegetation period.
Recently, in protection against the named pathogens are introduced fungicides from groups of
anilinopyrimidines (cyprodinil) and phenylpyrrole (fludioxonil). With the aim of monitoring cyprodinil and
fludioxonil degradation in lettuce, in the period of their use until the expiry of the pre-harvest interval
(PHI), a treatment by fungicide SWITCH 62.5-WG (cyprodinil + fludioxonil, 375 g/l + 250 g/l) was
performed at a recommended rate. Lettuce sampling was performed nine times – after two hours and
2, 4, 6, 8, 10, 12, 14 and 15 days. Fungicides extraction from lettuce was performed by QuEChERS
method, while determination was accomplished by HPLC-DAD using C18 column. The achieved
values of validation parameters of the applied methods are completely in accordance with demands of
the standard SANCO/1257/2013.
Immediately after fungicide application, cyrodinil concentration in lettuce reduced from 2.34 mg/kg to
0.16 mg/kg, while respective values for fludioxonil were 1.44 mg/kg and 0.36 mg/kg. After the
expiration of 14 days of PHI, the content of the studied fungicides in lettuce samples was below
Serbian and EU MRL for these active ingredients. Thus, the analysis confirmed that PHI checked in
our production conditions is sufficiently long in terms of safe use of lettuce in nutrition.
Keywords: lettuce, cyprodinil, fludioxonil, residues, dissipation

INTRODUCTION
Lettuce (Lactuca sativa L.) is an important component of the human diet, due to the low
content of calories and fat, and high content of protein, dietary fibre, iron, calcium and
phytochemicals (Ko et al., 2014). In many countries, lettuce is grown all year round,
combining field and greenhouse production. However, lettuce production is obstructed by a
greater number of predominantly, fungi diseases. According to significance and frequency of
occurrence, the most important pathogen of lettuce in our agro-ecological conditions is
Botrytis cinerea, the agent of grey mould disease. Besides this, the disease that regularly
occurs during lettuce growing in greenhouses is white mould, whose agent is Sclerotinia
sclerotiorum.
Recently, for the protection of lettuce against the named pathogens cyprodinil and fludioxonil
fungicides are introduced. In the European Union, including neighbouring countries, for
control of the described pathogens in lettuce is applied the product SWITCH 62.5-WG
(cyprodinil + fludioxonil 375 g/l + 250 g/l; Syngenta; Figure 1), with defined pre-harvest
interval (PHI) of 14 days. However, for this purpose, SWITCH 62.5-WG has still not been
registered in the Republic of Serbia. The double action of this product is due to its containing
active ingredients of two different families, anilinopyrimidine (cyprodinil) and phenylpyrrole
(fludioxonil). The first inhibits the biological synthesis of methionine, one of the principal
component of the fungus protein synthesis, while fludioxonil stimulates the synthesis of
glycerol, which blocks the cell growth in the fungus (Roberts and Hadson, 1999).
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Figure 1. Chemical structure of cyprodinil and fludioxonil

Lettuce is a plant of short vegetation period, which additionally hardens choice and dynamic
of fungicide application, due to the necessity to respect the PHI of the applied products.
Many factors influence the fate of pesticides in plants, such as the climate conditions temperature, humidity, light intensity, etc., crop species, nature of the chemicals,
formulations and application methods (Garau et al., 2002; Montemurro et al.,2002; Wang et
al., 2014; Lu et al., 2014). In addition to this, lettuce is the vegetable that is consumed fresh,
mainly just after harvesting, which increases the risk of pesticide residues. For better
understanding of the possible risks of pesticide residues, dissipation studies are necessary to
test whether the established application strategies are suitable for different crop species
under the specific growing conditions (Lu et al., 2014). This means that dissipation curves
are only valid for a given crop in the specific conditions of each growing area (Marin et
al., 2003).
According to the Regulation of the European Union (Reg. No 2016/567) and the Republic of
Serbia (25/2010), the maximum residue level of cyprodinil (MRLs) in lettuce is 15 mg/kg,
while according to the regulation of EU (Reg. No 2016/1003), the maximum allowed quantity
of fludioxonil in lettuce is 40 mg/kg аnd according to Serbian regulation, MRL is 15 mg/kg
(25/2010). PHI of these fungicides in lettuce, prescribed by EU, is 14 days (Savčić-Petrić,
2015).
This study aimed to the behaviour of cyprodinil and fludioxonil fungicides in lettuce grown in
the open field, including the dissipation rate, half-life values (DT50) and PHI, for the fungicides
in lettuce after application according to the recommended procedures.

MATERIAL AND METHODS
Field experiment
In Mačva region of Serbia, the field experiment was carried out in order to analyse
dissipation kinetics of cyprodinil and fludioxonil residues in lettuce variety Seter. The
experiment was conducted according to EPPO guidelines, with the aim of protection against
grey and white mould diseases agents. The product SWITCH 62.5-WG (cyprodinil, 375 g/l, +
fludioxonil 250 g/l) was foliar applied at a rate of 0.5-0.8 kg/ha with water consumption of 400
l/ha, recommended for use in EU.
Sampling
Samples were collected randomly, from more places within the experimental plot, with the
aim of obtaining the representative sample. Lettuce samples were taken at 0 (2 h after
application), 2, 4, 6, 8, 10, 12, 14 and 15 days period post-application. Until analysis, lettuce
samples were stored at −24 °C. Every single analytical sample was considered in triplicates.
Chemicals and standard solutions
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Analytical standards of cyprodinil and fludioxonil were obtained from Dr Ehrenstorfer,
Germany, while acetonitrile (MeCN; HPLC grade) and acetic acid (CH3COOH) were
purchased from ''J.T.Baker'' (Darmstadt, Germany). Ultrapure water was obtained from TKA
apparatus (Germany). The dispersive SP extraction (Cat. No. 5982-5650) and clean-up (Cat.
No. 5982-5356) kits for QuEChERS sample preparation were purchased as ready-to-use
from Agilent Technologies (USA). Stock solutions of both fungicides were prepared in MeCN
at a concentration of ~100 µg/ml and stored at −20 ± 2 °C. Working standard solutions for
chromatographic analysis were prepared diluting the stock solution in acetonitrile (0.02 to
40.0 µg/ml).
Fungicides extraction and HPLC-DAD analysis
Extraction of cyprodinil and fludioxonil from the lettuce was accomplished by previously
developed and validated QuEChERS-based method (Anastassiades et al., 2003; Lazić et al.,
2016). Pesticide residue analysis was performed with Agilent technologies 1100 Series highperformance liquid chromatographic system equipped with a diode array detector. The
separation was performed on a C18 column (50 × 4.6 mm, 1.8 μm). The mobile phase was
(0.5% acetic acid/MeCN, 40:60 v/v) with a flow rate of 0.9 ml/min and detection wavelength
of 254 nm. Data analysis was performed using ChemStation software.

RESULTS AND DISCUSSION
Method validation was performed in our previous study (Lazić et al., 2016). The check of
chromatographic conditions was carried out by linearity of the detector response, precision
and accuracy of the method, and matrix effect, as well as determination of limits of detection
(LOD) and quantification (LOQ) (Table 1). The results obtained in this study confirm that
proposed method is easy and reliable for the determination of the analysed fungicides
residues in lettuce.
Table 1. Validation parameters
Concentration
Fungicide
range
Cyprodinil
0.02-0.40
µg/ml
Fludioxonil

R

2

0.994
0.995

LOD,
mg/kg

LOQ,
mg/kg

Recovery, %

RSD, %

0.02

0.05

87.1
85.9

0.80
0.38

The results of the field studies conducted in our research are shown in Figure 2 and 3. The
dissipation kinetic was determined by plotting residue concentration against time. The halflife of pesticides calculated using the first order rate equation - Ct=C0e-kt, where Ct represents
the concentration of the pesticide residue at time t, C0 represents the initial concentration and
k is the rate constant per day. Half-lives (DT50) were determined from the k value, DT50=ln2/k.
Results show gradual and continuous reduction of cyprodinil and fludioxonil in lettuce, with
degradation coefficient of 0.21, i.e. 0.10, respectively. The initial concentration of cyprodinil in
lettuce was 2.34 mg/kg, the dissipation regressive equation was y= 2.34e-0.21t and the
correlation coefficient (r) was 0.894 with a half-life of 3.3 days.
Dissipation curve of fludioxonil in the lettuce leaves under field condition is presented in Fig.
3. The mean value of fludioxonil residue determined with these samples was 1.44 mg kg to
0.28 mg/kg. The dissipation regressive equation of fludioxonil in lettuce samples was
Ct=1.44e-0.10t and the correlation coefficient (R2) was 0.855 with a DT50 of fludioxonil of 6.93
days.
Having in mind MRLs prescribed by both EU and Serbian authorities, the highest quantity of
the existing cyprodinil and fludioxonil were significantly below these values. Further analysis
established reduction in cyprodinil and fludioxonil content in sampled vegetable and after the
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PHI, cyprodinil and fludioxonil quantity was reduced for 0.16 mg/kg and 0.28 mg/kg,
respectively.

Figure 2. Dissipation curve of cyprodinil in lettuce samples

Figure 3. Dissipation curve of fludioxonil in lettuce samples

CONCLUSIONS
The results of this study indicate that cyprodinil and fludioxonil dissipate relatively rapidly in
lettuce leaf grown in a field, as their half-lives were 3.3 and 6.93 days, respectively. After the
expiration of 14 days of PHI prescribed by EU, the content of the studied fungicides in lettuce
samples was below MRL for these active ingredients. Thus, the analysis confirmed that in
out agro-ecological conditions from the aspect of pesticide residues, the product SWITCH
62.5-WG can be used safely in lettuce protection against Botrytis cinerea and Sclerotinia
sclerotiorum, and that 14 days PHI is sufficiently long in terms of safe use of lettuce in
nutrition.
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ABSTRACT
Despite their high efficacy and increasing use in crop protection, data on the residual status and
dissipation of the neonicotinoids in vegetables are limited. Therefore, the principal objective of this
study was to generate data regarding the persistence and residue levels of neonicotinoid insecticides
in selected vegetables. To investigate the dissipation of acetamiprid and thiacloprid in pepper and
tomato fruits, field studies were done under controlled greenhouse conditions. Insecticides were
applied in accordance with manufacturer’s recommendations for Aphids control. Samples were
randomly collected immediately after the application and every second day during the pre-harvest
interval (PHI). For sample pre-treatment QuEChERS procedure was used, followed by HPLC-DAD
analysis. In this study, MRLs of acetamiprid in pepper and tomato fruits achieved the second and sixth
day after the insecticide application, respectively, while thiacloprid residue in pepper fruits were under
MRL two days after the application. The half-life (DT50) of insecticides fitted to a first order kinetic
equation. DT50 of acetamiprid in pepper (3.9 days) and in tomato samples (4.3 days), as well DT50 of
thiacloprid in pepper fruits (4.9 days), obtained in this study were similar. Finally, PHI for acetamiprid in
pepper and tomato (14 days) and thiacloprid in pepper fruits (7 days), which has been established by
Serbian authorities, are proved to be safe enough for application of these insecticides in greenhouse
production of pepper and tomato.
Keywords: acetamiprid, thiacloprid, residues, pepper, tomato

INTRODUCTION
Taking into account the susceptibility of cultivated plants to a greater number of diseases and
pests, vegetable growing in greenhouse conditions demands regular chemical protection. For
the protection of pepper and tomato against economically important pests such as aphids,
insecticides from the group of neonicotinoids such as acetamiprid, imidacloprid, thiacloprid
and thiamethoxam have been recently applied.
Acetamiprid, (E)-N1-[(6-hlor-3-piridil)metil]-N2-cijano-N1-metilacetamidin, acts as an agonist of
acetylcholine nicotinic receptor, causing disruption of nerve impulses and leading to insects
dying. It has extremely expressed translaminar activity in plants and in pepper and tomato
protection, products based on acetamiprid have been used for control of leaf aphids
(Aphididae), at a rate of 0.25-0.4 kg/ha (Savčić-Petrić, 2015) with consumption of 400 l/ha of
water.
The insecticide thiacloprid is widely used for control of economically highly important pests of
pepper, such as aphids. Thiacloprid [(Z)-3-(6-chloro-3-pyridylmethyl)-1,3-thiazolidin-2
ylidenecyanamide] is the chloronicotinyl insecticide that acts selectively on the insect
nervous system by inhibiting nicotinic acetylcholine receptors (Li et al., 2016). Thiacloprid is
the second member of Bayer’s chloronicotinyl insecticide (CNI) family (Jeschke et al., 2001)
with a rising usage trend as it has been registered for use in many crops. Previous studies
had indicated that thiacloprid could produce delayed lethal and sub-lethal effects on
freshwater arthropods at low concentrations (Beketov and Liess, 2008). However, very little
information is available on the behaviour of thiacloprid in plants and soils (Oliver et al., 2005;
Wang et al., 2011).
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Correct use of pesticides leads to increase in yield and higher product quality, while incorrect
can cause increase in residues content in agricultural products and the environment, and it
can also have negative impact to human health. Pesticide use in greenhouses demands
special checking measures of their residues in agricultural products.
One of the basic conditions for assumption of danger posed by pesticide residues is
existence of quantitative data on their presence in food. Norms used for regulation of
amounts of pesticide residues in our country, i.e. their maximum residue level (MRL), are
prescribed by the Regulations on the maximum allowable residues of pesticides in food and
feed and of feed and food and animal feed which is determined by the maximum allowable
amounts of residues of plant protection products (The Official Gazette of Republic of Serbia,
No. 25/2010). Based upon this Regulation, the maximum residue level of acetamiprid in
pepper is 0.3 mg/kg, and in tomato 0.2 mg/kg, which is in accordance with European
regulations on MRLs (maximum residue levels) for these kinds of vegetables (EU pesticides
database, 396/2005). The MRL for thiacloprid residues in pepper fruits, according to EU and
Serbian legislation, is 1.0 mg/kg.
The principal objective of this study was to generate data regarding the persistence and
residue levels of neonicotinoid insecticides in selected vegetables. Filed studies under
controlled greenhouse conditions were carried out in order to investigate the dissipation of
acetamiprid and thiacloprid in pepper and tomato fruits.

MATERIAL AND METHODS
Field experiments
The pepper and tomato plants were grown in a greenhouse. The trial was set up complying
with the principles of good agricultural practice and OEPP/EPPO methods were used for trial
design and data processing (EPPO, 2012), as well as the efficacy evaluation of the
insecticide in control of aphids in vegetables (EPPO, 2004). All the experiments were
conducted in three replications.
The insecticides were applied at the manufacturer’s recommended rates for acetamiprid (in
pepper and tomato) and for thiacloprid (in pepper) using a portable hand sprayer. The
product was used in the ripening phase of vegetables (BBCH 81), at the beginning of aphids’
colony formation. Samples of about 0.5 kg were randomly collected immediately after drying
of the spraying mixture and every second day during the pre-harvest interval (PHI) of 14 (for
acetamiprid in pepper and tomato), i.e. 7 days (for thiacloprid in pepper fruits) (Savčić-Petrić,
2015). Vegetable fruits were stored in individual polyethylene bags at -20 °C until extraction
(Commission Directive 2002/63/EC).
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Figure 1. Field trials in 2013 - locality Čelarevo (photo. S. Đurak)

Analytical procedure
Extraction and clean-up were done according to the method developed by Lazić et al. (2014,
2015). HPLC analysis was performed using an Agilent 1100 series liquid chromatography
system (Agilent Technologies, USA) with a DAD detector and Zorbax Eclipse C18 column,
50 mm × 4.6 mm internal diameter, 1.8 µm particle size (Lazić et al., 2014; 2015).
Statistical analysis
The content of pesticide residues that remained in vegetable fruits at different intervals was
fitted to first-order exponential equation (1), in order to obtain the half-life (DT50).
Ct=C0e-kt
(1)
where Ct - the concentration after time, t (day), Co - initial concentration, k - rate constant.
The half-life was computed using equation (2)
DT50=ln2/k, 0.693/k (2)
where k is rate constant, in days.

RESULTS AND DISCUSSION
Pre-harvest interval for acetamiprid in tomato and pepper set by Serbian Regulations is 14
days. In pepper samples, 1 hour after application of the product based on acetamiprid, i.e.
after drying of deposit, the content of residues amounted 0.47 mg/kg. Two days after the
treatment in these conditions, acetamiprid residue level decreased by 50% (0.24 mg/kg),
which is below MRL (0.3 mg/kg). Further on, during the trial, residue level of the studied
insecticides gradually decreased, and after the expiry of the given waiting period, acetamiprid
level was 0.08 mg/kg. In regard to the presented results, acetamiprid content in the analyzed
samples of pepper, after the expiry of 14 days waiting period (Savčić-Petrić, 2015), was
significantly below MRL prescribed by both our and EU Regulations.
The maximum residue level of acetamiprid in tomato samples was detected immediately
after the application, 0.33 mg/kg. Two days after insecticide application, the loss was 5.54%,
while on the fourth day it was 32.0%. Afterwards, six days after the treatment content of
acetamiprid was at the MRL of 0.20 mg/kg, significantly shorter than recommended PHI of 14
days.
In this study, DT50 was calculated from the exponential equation (Table 1). The obtained DT50
values for acetamiprid in pepper and tomato were 3.9 and 4.3 days, respectively.
Table 1. The half-life of dissipation (DT 50) and values of acetamiprid parameters degradation in pepper
and tomato fruits.
2

Degradation constant

R

DT50 (day)

Pepper

0.18

0.864

3.9

Tomato

0.16

0.981

4.3

Last years, acetamiprid degradation was monitored in various plant products, such as
mustard (Pramanik et al., 2006), tea (Gupta and Shanker, 2008), tomato and cucumbers
(Shams El Din et al., 2012), watermelon (Wu et al., 2012), cherries and tomato fruits (Lazić
et al., 2014, 2015).
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In this study, dissipation of the insecticide thiacloprid, after its use at a recommended rate for
Aphid control was also monitored in pepper fruits. Dissipation results of thiacloprid in pepper
fruits are shown in Table 2. The highest residue levels were found in samples taken at the
first sampling time 1 h after pesticide application, and the mean value was 1.136 mg/kg.
Thiacloprid residue levels kept decreasing in the following period, reaching the level of 0.321
mg/kg with the dissipation of 72% only 2 days after application, with almost unchanged
values on the 3rd day. Over the further three days, thiacloprid residue level was relatively
stable, ranging from 0.276 mg/kg on the 4th day to 0.282 mg/kg on the 6th day. At the end of
the pre-harvest interval of 7 days, dissipation of thiacloprid was 83%, and residue level in
pepper fruits was 0.198 mg/kg. During the sampling time, thiacloprid content in pepper fruits
was far below the MRL of 1.0 mg/kg.
Table 2. The half-life of dissipation (DT50) and values of thiacloprid degradation parameters in pepper
fruits

Pepper

2

Degradation constant

R

0.14

0.682

DT50 (day)
4.9

Similar results had been reported by Sharma and Perihar (2013). They detected intensive
thiacloprid dissipation (60.42%) on the 2nd day after application.

CONCLUSIONS
The results of this study indicate that in greenhouse conditions, acetamiprid and thiacloprid
dissipate relatively rapidly in pepper, i.e. tomato fruits. DT50 of acetamiprid in pepper (3.9
days) and in tomato samples (4.3 days), as well DT50 of thiacloprid in pepper fruits (4.9
days), obtained in this study were similar. Finally, PHIs for acetamiprid in pepper and tomato
(14 days) and thiacloprid in pepper fruits (7 days), which has been established by Serbian
authorities, are proved to be safe enough for application of these insecticides in greenhouse
production of pepper and tomato in our production conditions.
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ABSTRACT
Acrylamide (AA) is a widespread industrial chemical with recognized adverse effects on living
organisms. In the last few years, acrylamide has been in the focus of interest due to its considerable
presence in various food commodities, including everyday staple foods. Since acrylamide is showing
the variety of harmful effects on living systems, our study was oriented towards the observation of the
potential adverse effect of acrylamide on the pancreatic beta cells of Wistar rats. Thirty male Wistar
rats were divided into three groups, one control and two groups treated with 25 mg/kg and 50 mg/kg of
AA respectively, from 23rd until 42nd postnatal day. Morphometrical analysis of beta cells was
performed on 5 µm thick pancreas sections stained with immunohistochemical staining technique
using insulin - mouse monoclonal antibody. Estimated parameters were: volume density, numerical
density and surface density of beta cells, as well as their nucleocytoplasmic ratio. Numerical density
and surface density of beta cells showed statistically significant decrease in both acrylamide treated
groups (p<0.05) compared to the control. However, volume density and nucleocytoplasmic ratio of
these cells, as well as the blood glucose level in both treatments, did not show any statistically
significant differences compared to the control animals. Given results indicate that acrylamide has a
potentially adverse effect on the pancreatic beta cells and our further study will be focused on changes
of these cells on structural and molecular levels.
Keywords: acrylamide, beta cells, pancreas

INTRODUCTION
Acrylamide (AA) is a widespread industrial chemical with recognized adverse effects on living
organisms. It has been present in the environment for many years since acrylamide is an
important monomer used for various industrial and laboratory purposes. Swedish scientists in
2002. (Tareke et al., 2002) found that AA is formed during thermal processing of a large
number of foodstuffs at high temperatures, especially starch rich foods that are in everyday
use. The formation of AA has been described in a wide variety of fried and baked potato
products, but also in bread, coffee, cereals and various confectionery products. According to
World Health Organization data, human consumption of acrylamide via food is about 1 µg/kg
bw· day in general population (WHO, 2005).
It is believed that long – term intake of this rate could lead to disease (Tornqvist et al., 2005).
That is the main reason why AA does not cease to be a subject of interest of many research
groups. The formation pathways of AA is rather complex, and not yet fully clarified, but the
Maillard reaction between amino acids and reducing sugars has been shown to be the most
probable process for AA production at temperatures higher than 120°C (Mottram et al. 2002,
Yayalan&Stadler, 2005). Cooking temperature and cooking time are most important factors
which can vary and in this way influence the concentration of formed AA in observed
foodstuffs (Romani et al., 2008).
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Since acrylamide is showing the variety of harmful effects on living organisms, the aim of our
present study is oriented towards the observation of the potential adverse effect of
acrylamide on the pancreatic beta cells and on glucose levels in the Wistar rat serum.
Insulin secreting beta cells of the pancreatic islets of Langerhans, in rodents, are present
predominately in the central core of the islet, making them it’s most important part. Some
pathophysiological conditions have shown to have an effect on islet architecture due to islet’s
high plasticity potential (Kim, 2009). Islet’s potential to adjust to the newly created metabolic
conditions, and the fact that insulin is one of the crucial metabolic regulatory hormones,
made beta cells, and their potential alterations in volume or number, the main aim of our
study.

MATERIAL AND METHODS
The experiment was carried out on 30 male Wistar rats aged 23 postnatal days at the
beginning of the study. The animals were measured and divided into three experimental
groups (n = 10) according to the body weight, one control and two acrylamide treated groups.
The rats were kept under constant laboratory conditions with 22±2 °C temperature, with 12h
light / dark periods, and had access to standard rat food and tap water ad libitum. First
experimental group received acrylamide (99% purity, Sigma Aldrich Chemicals Co., St.
Louis, MO, USA; Cas 79-06-1) dissolved in distilled water in concentration of 25 mg/kg bw
day. Second experimental group received acrylamide in concentration of 50 mg/kg bw day.
The control group received the distilled water. Both acrylamide and distilled water were
administered per os during three weeks with the applications dynamics of 5 days a week with
two days break, at the same time in the morning, and with no applications on the day of the
termination of the experiment. Animals were sacrificed in anesthesia of diethyl ether vapor.
The study was approved by the Ethical Committee on Animal Experiments of the University
of Novi Sad (No .I-2011-03).
Following the termination of the experiment, the pancreata taken from the animals were kept
in 10% formalin solution and subjected to standard procedure for paraffin embedding, cut
into 5 µm thick sections and stained with immunohistochemical staining technique using the
insulin - mouse monoclonal antibody. Stereological analysis of the pancreatic islets of
Langerhans was performed using the “point counting technique” with Weibel’s multi –
purpose test grid (M42) (Weibel et al., 1979). The observed stereological parameters of beta
cells were volume density (Vvβ), numeric density (Nvβ), surface density (Svβ) and
nucleocytoplasmic ratio (Nβ/Cβ).
For determination of blood glucose level, blood was collected in plastic tubes from the body,
after sacrifation of the animals. Samples were centrifuged for 10 minutes at 1500 rpm. The
formed supernatant was carefully collected by an automatic pipette and serum samples were
frozen at -20°C.

RESULTS AND DISCUSSION
Morphometric analysis was performed on 5µm thick pancreas sections stained with
immunohistochemical staining technique using the Insulin - Mouse monoclonal antibody to
display beta cells of the pancreas.
Results of the stereological analysis of pancreatic beta cells in control and acrylamide treated
animals (Table 1) indicated that volume density of beta cells did not show any statistically
significant difference between the control group and the either group treated with acrylamide.
Numeric density of beta cells showed statistically significant decrease in beta cell number
between the control group and the experimental groups treated with 25 mg/kg bw day of
acrylamide, and 50 mg/kg bw day (p<0.05). The numerical density of beta cells between two
experimental groups showed a slight increase in the group which received a higher
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treatment, but the increase was not statistically significant. Surface density of beta cells also
showed a statistically significant decrease in both acrylamide treatments compared to control
animals (p<0.05). Comparing the surface density of beta cells between two acrylamide
treated groups showed a small decrease in value of these parameters in animals treated with
higher acrylamide treatment, but that decrease was statistically insignificant.
Nucleocytoplasmatic ratio of beta cells did not show a statistically significant difference
between the control group and both acrylamide treated groups.
Serological analysis which refers to the amount of glucose in rat serum did not show any
statistically significant difference between the control group and both acrylamidde treated
groups (Table 2).
Table 1. Volume density (Vvβ), numeric density (Nvβ), surface density (Svβ) and nucleocytoplasmatic
ratio (N/Cβ) of beta cells (mean ± SE) of control rats and rats treated with acrylamide in 25 mg/kg bw
day and 50 mg/kg bw day doses
Stereological parameter
Control
25 mg/kg AA
50 mg/kg AA
Vvβ
0.1860 ± 0.0067 0.1744 ± 0.0053
0.1688 ± 0.0048
Nvβ
424.09 ± 16.34
344.75 ± 11.68*
346.52 ± 15.94*
Svβ
13.89 ± 0.39
12.31 ± 0.51*
11.83 ± 0.34*
N/Cβ
0.58 ± 0.05
0.54 ± 0.04
0.53 ± 0.03
*p<0.05

Table 2. Blood glucose level (mean ± SE) of control rats and rats treated with acrylamide in 25 mg/kg
bw day and 50 mg/kg bw day doses
Serological parameter
Control
25 mg/kg AA
50 mg/kg AA
Blood glucose level
7.46 ± 0.17
7.15 ± 0.22
7.4 ± 0.29

Acrylamide and its potential adverse effect on living systems in general, as well as on
specific biochemical and physiological processes in different organs has been a main subject
for many research groups in the past decade. Even though there are a lot of studies dealing
with this subject, data which explain the effect of acrylamide on pancreas, especially on its
endocrine part, are very rare.
Nowadays, diabetes has epidemic proportions and researchers are intensively searching for
the real cause of such high incidence of this disease. Streptozotocin induced diabetic rats
have decreased numeric and volume density of beta cells in the islets of Langerhans
(Abunasef et al., 2014; Akbarzadeh et al., 2007; Szkudelski, 2001; Ito, 1999). Results of this
study showed a very significant reduction of the numeric density of beta cells in animals
which received both acrylamide treatments in comparison to control animals.
Due to the fact that beta cells make up approximately 80% of the cells which form islets of
Langerhans (Liu &Habner, 2009; Sato & Herman, 1981), a reduction of beta cells number
may have an undoubted effect on the intensity of the secretion of insulin and thus the whole
metabolism.
In addition to reduced number of beta cells in islets, their decrease in volume density is a
typical occurrence during a toxic adverse effect. Even though animals exposed to acrylamide
treatment had no significant influence on volume density of islets, results show a certain
reduction in beta cells volume density of treated animals (Table 1). This result is in
correspondence with findings in studies dealing with diabetes mellitus (Pirmoradi et al., 2016;
Sakuraba et al., 2002; Novikova et al., 2013; Cnop et al., 2005).
Nucleocytoplasmic ratio is a parameter which is an indicator of the cell activity (Samsonidze,
1969). In circumstances where we want to reach a conclusion on the potential toxic effect of
acrylamide on beta cell metabolism, determination of the ratio between area of the cells
occupied by nuclei and area occupied with cytoplasm is of great importance. Our results
showed a decrease in nucleocytoplasmic ratio, which is not statistically relevant.
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This slight decrease may indicate a small decline in cell activity. The fact that there is no
significant change in the blood – glucose level is in accordance with the fact that in type – 1
diabetes, almost 80% of beta cell mass is lost before the time first symptoms are visible
(Cnop et al., 2005). The percentage reduction of numerical density of beta cells in our
experiment is less than 19% which can explain why there are still no significant changes in
blood – glucose level in animals of both experimental groups.

CONCLUSION
In conclusion, the results of the present study demonstrate that subchronic acrylamide
treatment leads to a decrease in numerical and surface density of pancreatic beta cells but
has no significant effect on volume density and nucleocytoplasmic ratio, even though it
shows a decreasing trend in both of these parameters in both acrylamide treated groups.
Blood glucose level remained unchanged compared to the control in spite of the reduced
number of beta cells that we have noted probably due to the fact that remaining beta cells
are still functional and capable to overcome the decrease in their number.
Taking into account that we gave the initial evidence of acrylamide effect on pancreatic beta
cells, the focus of our future research will be the further analysis of structural and functional
response beta cells have on acrylamide treatment.
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ABSTRACT
Additives are substances which are added to food products with the purpose of improving their
characteristics. Food additives are substances of known chemical composition which are not
substitutes for food. For easier identification, food additives are coded in E numbers. If an additive is
coded in an E number that suggests that certain additive has been proven as safe for the health of the
consumers. Nevertheless, many additives are considered a threat to human health if they are
consumed in quantity higher than acceptable daily intake (ADI).
Instant or soluble coffee was invented and patented in 1938. It is made through the process called
extraction which involves roasting and milling coffee beans and dissolving in the water afterwards.
After drying coffee, emulsifiers (E471, E472e, E481), stabilizers (E331, E340, E451, E452) and anticaking agents (E341, E551) are added to the coffee powder of granules.
The aim of this paper is to examine the content of emulsifiers, stabilizers and anti-caking agents in
samples of Instant coffee – 3 in 1 and 2 in 1 of three different brands.
Keywords: instant coffee, emulsifiers, stabilizers, anti-caking agents

INTRODUCTION
There are records which show that people, even before mass food production, in the Bronze
Age, wanting both to make food more delicious and to preserve it for longer periods of time,
used salt for flavor, smoking for conserving meat and ferments in the making of bread, wine,
beer and cheese. Until the second half of the XX century only raw materials were available
on the market, but with the development of handicraft workshops for producing food for
people in urban settlements, usage of chemical substances – food additives began.The word
“food” in the syntagm “food additives” means that additives are used only in food products.
Modern food industry cannot be imagined without the addition of these substances under
precisely controlled conditions, with determined purpose.
The advantage of refined food products lies in a variety of different products available, which
all have known composition and a nutritive value, as well as in producing whole range of
goods whose composition and biological value have been adapted for people with special
food diets. Food without the appropriate additives is not only unappealing for costumers but it
also has negative effects on the competitiveness of the product and on the profit of the
producer. Joint WHO/FAO Committee of Food Additives (JEFCA) make decisions regarding
types of additives, their health safety, ways of preparations, acceptable daily intake and other
questions concerning food additives on the global level. The positive list of additives which
can be used in food industry is proposed by Codex Alimentarius whose members include
WHO and FAO experts. Coding of food additives on positive lists is done according to the
codes provided by the EU. Those codes are known as E numbers and they differ from one to
another by numbers following the letter E. Different coding is used for different groups of
additives as well.
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Modern life and its tempo require not only different lifestyles, habits and needs but also
various food products that can nowadays be found on the market. One of those products is
instant coffee which is preferred because its preparation is simple and requires less time
than the preparation of other types of coffee. During the 1930s, the Brazilian coffee industry
encouraged research on instant coffee as a way of preserving their excess coffee production.
The Nestlé company worked on this project and began manufacturing Nescafé in 1938. By
1950, Borden researchers had devised methods for making pure coffee extract without the
additional carbohydrate component. In 1963, Maxwell House began marketing freezedried granules, which reconstituted into a beverage that tasted more like freshly brewed
coffee. During the next five years, all of the major manufacturers introduced freeze-dried
versions.
The Manufacturing Process:
1. Extraction: The manufacture of instant coffee begins with brewing coffee using
highly efficient extraction equipment. Softened water is passed through a series of five to
eight columns of ground coffee beans. The water first passes through several "hot" cells
(140-180 °C), at least some of which operate at higher-than-atmospheric pressure, for
extraction of difficult components like carbohydrates. It then passes through two or more
"cold" cells (100 °C) for extraction of the more flavorful elements. The extract is passed
through a heat exchanger to cool it to about 5°C. By the end of this cycle, the coffee extract
contains 20-30% solids.
2. Filtration and concentration: After a filtering step, the brewed coffee is treated in
one of several ways to increase its concentration. The goal is to create an extract that is
about 40% solids. In some cases, the liquid is processed in a centrifuge to separate out the
lighter water from the heavier coffee extract. Another technique is to remove water by
evaporation before cooling the hot, brewed extract. A third alternative is to cool the extract
enough to freeze water, and then mechanically separate the ice crystals from the coffee
concentrate.
3. Recovery of aromatic volatiles: Part of the enjoyment of making and drinking coffee
is smelling the aroma. During the several steps of the manufacturing process, volatile
aromatic elements are lost; they must be returned in a later step to produce an attractive
instant coffee product. Aromatics can be recovered during several stages of the
manufacturing process.
4. Dehydration: Two basic methods are available for converting the liquid coffee
extract to a dry form: spray drying and freeze drying. Spray drying is done at a higher
temperature, which affects the taste of the final product, but it is less costly than freeze
drying.
5. Aromatization: Volatile aromas that have been recovered from earlier steps in the
manufacturing process are sprayed on the dry coffee particles. This may be done during the
packaging operation.
6. Packaging: Instant coffee particles are hygroscopic,so they must be packaged
under low humidity conditions in a moisture-proof container to keep the product dry until
purchased and opened by the consumer. Also, to prevent loss of aroma and flavor, the
product is packaged in a low-oxygen atmosphere (usually carbon dioxide or nitrogen).
Emulsifiers are food additives which include substances of specific chemical composition.
Their function is to enable stability of emulsions, respectively forming and sustaining
homogeneus blends of two or more phases that do not mix with one another.
Stabilizers are substances which enable homogeneity, maintain or amplify the existing color
of food and substances which amplify the ability of forming bonds between different food
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components. Specific function of stabilizers are improvement and stabilizing of texture,
inhibition of cristalization, stabilization of foams and emulsions, reducing the
glutinous/stickiness of glaze on pastries.
Anti-caking agents are food additives which prevent agglomeration of certain substances and
secure homogenity of products.

MATERIAL AND METHODS
Determination of: E471 (Mono and diglycerides of fatty acids), E472e (Diacetyl tartaric acid
ester of mono- and diglycerides), E481 (Sodium stearoyl-2-lactylate), E331 (Sodium salts of
citric acid – this group includes monosodium citrate (E331(i)), disodium citrate (E331(ii))
and trisodium citrate (E331 (iii)), E340 (Potassium phosphates - this group includes
monopotassium
dihydrogen
phosphate (E340
(i)),
dipotassium
monohydrogen
phosphate (E340 (ii)) and tripotassium phosphate (E340 (iii)), E451 (potassium and sodium
tri-phosphates), E452 – Polyphosphates - Sodium polyphosphate (E452(i)), Potassium
polyphosphate (E452(ii)), Sodium calcium polyphosphate (E452(iii)), Calcium polyphosphate
(E452(iv)) and Ammonium polyphosphate (E452(v)), E341 Calcium phosphates and E551
(Silicium dioxide)
was done following procedures described in “Combined Compendium of
Food Additive Specifications” by FAO/WHO Expert Committee on Food Additives.

RESULTS AND DISCUSSION
Table 1. contains data that indicate that the proportion of stabilizers differs within used
samples. Sample A1 contains the most of these substances (E340, E451, E452, E331).
Sample B1 and sample C1 contain only two stabilizers (E340, E452) and both are used in
these two samples. Samples B1 i C1 contain the same emulsifier (E471), while the sample A1
besides E471 contains also one more type of emulsifiers (E472e). Sample A1 doesn’t contain
anti-caking agents, while samples B1 and C1 contain identical substance (E341).
Table 1. The ingredients of analyzed samples of instant coffee 3in1 (A1, B1, C1 are used as a label of
different brands
Ingredients/Sample
A1
B1
C1
Stabilizers
E340, E451, E452,
E340, E452
E340ii, E452i
E331
Emulsifiers
E471, E472e
E471
E471
Anti-caking agents

/

E341

E341

Table 2. The ingredients of analyzed samples of instant coffee 2in1 (A2, B2, C2 are used as a label of
different brands)
Ingredients/Sample
A2
B2
C2
Stabilizers
E340, E451, E452,
E340, E452
E340ii, E452i
E331
Emulsifiers
E471, E472e
E471, E481
E471
Anti-caking agents

/

E551

E551

Content of used samples of instant coffee 2in1 is shown in Table 2. Sample A2 contains
largest amount of stabilizers (E340, E451, E452, E331), while samples B2 and C2 contain
only two types of stabilizers (E340, E452). The same emulsifier is found in all three samples
(E471). Sample A2 contains also the substance E472e and sample B2 E481. Sample A1
doesn’t contain anti-caking agents, while samples B1 and C1 contain the identical substance
(E551).
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Components of samples of instant coffee 3in1 differ from all of the samples of instant coffee
2in1. Samples A1 and A2 contain the same food additives. Samples B1and B2 contain the
same stabilizers, but sample B2 contains one more emulsifier compared to sample B1 (E481).
Different anti-caking agents are used in B1 and B2 samples. Samples C1 and C2 contain the
same types of stabilizers and emulsifiers, but they differ by anti-caking agents used.

CONCLUSIONS
The used samples of instant coffee 3in1 contain less food additives (stabilizers, emulsifiers
and anti-caking agents) then the samples of instant coffee 2in1. The sample A1 contains the
highest amount of stabilizers and emulsifiers, but it does not contain anti-caking agents.
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ABSTRACT
One of the segments of meat market in Ukraine which is developing at fast pace is poultry meat. This
is because poultry is considered a quality, high-protein food low in calories compared to pork and
beef. In poultry, collagen and elastin content is lower than in the flesh of cattle, and due to this
increased content of valuable protein, poultry is absorbed more easily (96-98%) by the human body
than meat of other farm animals, and is also different with regard to optimal quantitative ratio of
essential amino acids. The composition of bird muscle also includes almost all water-soluble vitamins.
Meat is one of the sources of B vitamins. Also, bird muscles are rich in macro- and micronutrients
which are essential for metabolism.
New poultry industry growth trends demonstrate a stable and dynamic development. Despite the
considerable scientific and practical potential of poultry production, the issue of determining its quality
cannot be fully solved. In this work we examined a number of factors that affect the functional and
technological properties of poultry meat. For example, for the same age gutted carcasses weight (the
main feature of the breed) can vary significantly, and therefore, the quality of meat carcasses and
parts will also be different.
Keywords: quality, poultry meat, aviculture, autolysis, maturation

INTRODUCTION
Modern Ukrainian poultry industry is one of the most attractive areas of Ukrainian agriculture
for investors. Thanks to private capital, introduction of new technologies and purchase of
modern equipment was enabled enabled, which in turn provided increased production. Over
the past 5 years, consumers have consumed 2 times more poultry meat and eggs, and
buyers began to again give preference to domestic products. At the same time, many
enterprises are not operating at full capacity or are even closed. This in particular applies to
companies where previously turkeys, geese and ducks were grown. Nevertheless, poultry
ranks first among other livestock industries by the time spent per unit of production and
finished goods, namely meat. This is because it is virtually the only sector in livestock
industry which is capable to radically improve the provision of population with cheap and
high-quality meat during the recent years.
This branch brings together 680 poultry farms of different ownership forms, of which 102 are
specialized in the production of pedigree products, 150 for the production of eggs, 80 are
specialized in the production of poultry meat, while other farms deal with incubator-poultry
and off-farm enterprises.The poultry industry is developed in 23 out of 25 regions of Ukraine.
Specialized management through a network of incubator-poultry organizations that are part
of «Ukrainian poultry industry», provides the population with young birds, and is exerting a
decisive influence on the development of poultry farms in the individual sector. At the same
time, achievements in cross breeding poultry breeding farms and the top foreign companies
are becoming available to a large farms and population. Specialists of «Ukrainian poultry
industry» held a workshop on preparation and conducting of certification of pedigree poultry
farms of Ukraine. As a result of certification of companies that have passed the competition,
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we received certificates of pedigree breeding farm with the assignment status
Plemreproductor. The most common chicken breeds which are used in the Ukrainian poultry
industry today are the following:
- Egg chickens: Lohmann Brown, Shaver-576, Belarus-9 High Line white, brown hi-line, the
Tetra-SL-Bovans Goldline, Isa Brown, Hajseks Brown, Lohmann-White, Borki-2M Borki- 117,
Borki-Color, Sloboda, Rhodonite, Harco, Dominant, Iza White, Sloboda 2A, Ukraine;
- Broilers: Cobb-500 Arbor Aykres, Change, Hubbard-Isa, Ross 308, Starbro.
The average profitability of poultry production at the enterprises of Ukraine in the period
1999-2003 was gradually increased from -45.5% to the level of its payback. From 2004 to
2006, production of poultry meat has been profitable, with an increase in average margins
from 3.8% to 12.1%, reaching a peak of 24.9% in 2005.
Hovewer, since 2006 the situation has began to change for the worse. Political instability, the
processes of monopolization of the poultry market, the import of cheap products from
abroad, deterioration of the means of production have led to a decrease in the profitability of
most businesses and, as a consequence, to their bankruptcy. Therefore, during just one year
(from 2006 to 2007 years) the profitability decreased from 19% to 12.1%. This was followed
by the global economic crisis, which also had a negative impact on the state of the industry.
Despite all these factors, a linear trend has still shown a positive value in gain of almost 1.7%
per year in the period from 2007 to 2012. This allows us to conclude that the profitability of
enterprises for the production of poultry meat is gradually approaching the level of payback.
Analysis of the results showed that the Ukrainian poultry industry will continue to develop
dynamically.
Average profitability, according to the production of poultry meat to Ukrainian enterprises of
reporting period 2007-2012 years has shown a gain of 1.7% per year. With such growth
rates, the level of recoupment of poultry meat production will be reached in 2017, and will
increase to almost 5% in 2020.
According to the calculations of linear and polynomial trend obtained in the previous period, it
is clear that, by 2020, the number of birds will increase by 20% compared to 2012. Total
head of livestock poultry is presented in Figure 1.
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Figure 1 - The total head of livestock of poultry, million head

The urgency of the problem
Positive changes in the development of poultry meat in the world and Ukraine are caused by
the creation and widespread introduction of highly cross-meat poultry, industrial cultivation
technologies, content and processing. However, due to a significant increase in the
production and processing of poultry, the impact of a series of natural, technical and
organizational factors at all stages of production can lead to degradation of the quality,
appearance of various product defects and related quantitative loss of meat.
Increasingly important work of domestic and foreign scientists, is aimed at studying the effect
of these factors on the quality and safety of poultry meat.
Little attention is paid to the system interlinkages of technological, technical and
organizational factors in the cultivation, processing and delivery of poultry with the quality of
the finished product, while at the same time improving them is a more effective way to
increase efficiency in comparison with other production factors.
The general concept of "quality food", includes poultry products, embedded set of properties
that characterize the biological and energy value, organoleptic, structural-mechanical,
functional-technological, sanitary and other features of the product, as well as their degree of
severity.
The quality of poultry products depends on several factors, but is mostly determined by the
quality of farmed birds to be processed, their age, body weight, slaughter yield, fatness, the
ratio of muscle and bone tissue, as well as valuable parts of the carcass, organoleptic
characteristics and other. The quality of poultry meat is influenced by a number of factors:
lifetime, slaughter and post-mortem. Lifetime factors and the long-term of effect exposure
have an impact on the bird until slaughter. These include genetics, physiology, nutrition,
keeping conditions and diseases. Short-term impact factors are manifested during the last 24
hours of the bird life in the period of preparation of poultry for slaughter. These include
hunger before slaughter, capture, loading, transportation, conditions and the period within the
processing plant, discharge, suspension on the conveyor, immobilisation, stunning and
slaughter.
Slaughter and post-slaughter factors, manifested during the slaughter and processing of
poultry, can mainly be attributed to the short-term effects, except for the storage of poultry
meat in refrigerated and frozen conditions.
Visible manifestation of negative factors are common to all external defects that can be
detected by organoleptic methods, and hidden, for example, for such defects as the pH of
meat or its contamination - detected only as a result of specific analyzes.
The factors include the negative impact which can be disposable and non disposable. These
vary from removable attributed disadvantages in carrying out technology requirements such
as the equipment, the organization of production, to non removable (in accordance with the
current level of development of the breed) such as poultry genetic construct and its response
to stressors.
Negative factors affect the quality of the final product directly or indirectly. The impact of
negative factors on the quality parameters of poultry are classified in the following areas:
food and biological value, acceptability to the consumer, food safety and functionaltechnological properties.
Biochemical changes in birds meat are not well understood, there is no consensus about the
meaning of life and its maturation. It is known that the maturation process has a positive
effect on the product quality, improving its organoleptic characteristics. However, it has not
been studied with respect to poultry meat.
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After the termination of life of an animal, processes take place wich are connected to the
termination of the supply of oxygen, the absence of oxidative transformations and circulation,
inhibition of synthesis and generation of energy accumulation in the tissues of the final
product. Disorders of the osmotic pressure in the meat cells takes place, resulting in selfdestruction of life-supporting systems and spontaneous development of enzymatic processes
which maintain their catalytic activity for a long time. As a result of the disintegration of tissue
components, meat quality characteristics (mechanical strength, the level of water-binding
capacity, taste, color, flavor) and its resistance to microbiological processes vary
considerably.
Autolysis of meat is the process of changes in the chemical composition, structure and
properties of raw meat after slaughter under the influence of its own enzymes. Meat
properties change occurs in a certain sequence in accordance with the basic stages of
autolysis (fresh meat → completion of rigor mortis rigor mortis and ripening → deep
autolysis), and its quality indicators become significantly different.
During the long maturation of meat there is a significant improvement in sensory and
technological characteristics. In the early stages of autolysis meat has a pronounced taste
and odor which, depending on the storage temperature appear only for 3-4 hours due to the
formation of products of the enzymatic breakdown of proteins and peptides (glutamic acid,
threonine, sulfur-containing amino acids), nucleotides (inosine, hypoxanthine etc.),
carbohydrates (glucose, fructose, pyruvic and lactic acid), lipids (fatty acids, low molecular
weight) and creatine, creatinine and other nitrogenous compounds.
The question is now directed toward use of raw materials, taking into account the progress of
autolysis is of particular importance, since the share of animals arriving at the processing of
industrial complexes is substantially increased. At the same time, due to post mortem
processes in the muscle tissue, significant deviations from the normal development of
autolytic processes are found. Accordingly, one should distinguish meat with high final pH
(DFD) from meat and exudative (PSE) with a low pH. Most companies exclude maturation of
poultry meat, which leads to the appearance of meat markings, etc.

CONCLUSIONS
Analysis of the development status of poultry meat in the country proves that it is the basis
for the production of poultry meat. The effectiveness of poultry feed has increased and the
volume of processing that needs to be improved. Thus, the problems highlighted by the
quality of poultry meat, allows one to find ways to solve them. It is necessary to pay attention
to the influence of a number of natural, technological and organizational factors, at all stages
of production, which can lead to lower quality, the appearance of a variety of product defects
and related quantitative loss of meat.
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ABSTRACT
The aim of the study was to investigate the quality and stability of the beverage with addition of
orange/carrot base produced from hydrolyzed milk permeate during 60 days of storage. The following
characteristics of the produced orange/carrot beverage were tested: pH, dry matter, milk fat, total
protein, sugar content, content of vitamin C, ash, antioxidant potential and energy value. Produced
beverage is fat-free and lactose-free. The average pH value was 4.08 ± 0.01. It was found that the
produced beverage contains an average of: 6.52 ± 0.07 g / 100 g dry matter, 0.18 ± 0.01 g / 100 g of
total proteins and 0.52 ± 0.03 g / 100 g of ash. More than half of the total sugar content in beverage is
glucose - 50.42%. After the production, the content of vitamin C in orange/carrot beverage was 0.20
mg/100g. The content of polyphenolic substances during storage period decreased by 8%. During the
storage period a reduction of DPPH values (%) from 11.61 to 9.68 was observed. Energy value of 100
g of beverage was 88.295 kJ and as such can be classified into a group of low-energy drinks.
According to obtained results, produced beverage is suitable for use in energy-restricted diets. By
consuming 250 mL of orange/carrot beverage 22% of daily needs for calcium in children and 11% in
adults can be satisfied.
Overall, the beverage obtained with the use of hydrolyzed permeate has high nutritional value, low
energy value and excellent sensory characteristics (color typical of aromatic supplement, peculiar
smell, pleasant and refreshing taste).
Keywords: beverage of hydrolyzed milk permeate, quality, chemical composition

INTRODUCTION
Valorization of by-products of the food industry is one of the most important priorities today.
The group of by-products of the dairy industry includes whey and permeate obtained after
ultrafiltration of milk. One possibility for the valorisation of these products is to process them
into beverages based on milk components (Carić and Milanović, 1995; Girsh, 1999).
Numerous efforts have been made to transform permeate into a product suitable to be used
as human food and develop beverages with acceptable sensory qualities, especially in terms
of taste (Bangert, 1975; Remer, 1982; Đurić et al., 2004; Koffi et al., 2005).
Authors Geilman et al., (1992) and Beucler et al., (2005) reported enzyme hydrolysis of
lactose in the production of beverages, reducing digestive problems of consumers and
increasing the sweetness of beverages. Fruit supplement, significantly affects sensory
qualities of the end product, such as colors, taste and odor (Koffi et al., 2005). The invention
of the optimal normative for the mixture of fruit concentrates and/or other additives with fresh
permeate in order to produce a beverage with acceptable sensory qualities is still a
challenge.
Some authors suggest adding metal-gluconate (Remer, 1982), citric acid or various
sweeteners such as fructose, sucrose or hydrolyzed lactose for adjusting odor and flavor.
Beverages obtained from permeate are clear, transparent liquids. Most of them are saturated
with carbonic acid and have a distinctive refreshing taste. The use of permeate as a
deproteinized product reduces the specific taste of whey (Renner and Abd El-Salam, 1991).
Permeate has a potential to be produced as a beverage similar to sport drinks for athletes
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due to similar electrolyte content. Also, it contains a high concentration of minerals, such as
calcium and potassium, which may be relevant for maintaining good health (Geilman et al.,
1990).
The aim of the study was to produce a beverage based on hydrolyzed permeate with the
addition of orange/carrot fruit base and to establish parameters of quality and its durability
during 60 days of storage period.

MATERIAL AND METHODS
Permeate was obtained, during the manufacture of feta cheese by ultrafiltration of milk with
3.7 g/100g fat (manufacturer "DAIRY Šabac’’, Serbia). Device for UF process (with
polysulfone membrane) had capacity of 5000 L of milk/h. Enzyme Maxilact® LG5000 - βgalactosidase derived from the yeast Kluyveromyces lactis was used for permeate
hydrolysis. Enzyme preparation was added to permeate at the temperature of 40° C in
concentration of 0.1 g/100g. For the production of beverages, orange/carrot fruit base was
used (30 g/L), of the manufacturer Frutarom Etol, d.o.o. Slovenia. Hydrolyzed permeate was
mixed with 3% orange/carrot fruit base. The pH of the mixture was adjusted to pH 4.0.
Samples were homogenized, pasteurized at the temperature of 90° C for 10 min, packed and
stored in refrigerator at 4 ±1 °C.
Application of standard analytical methods (Carić et al., 2000) in samples of hydrolyzed
permeate, orange/carrot base and obtained orange/carrot beverage resulted in the
determination of: dry matter (ISO 6731, IDF 21: 2010), milk fat (IDF 105:1985), total proteins
(IDF 20:1962), ash (IDF 90:1979), pH value using a pH-meter (EcoScan pH 6 Eutech
Instruments, The Netherlands), energy value: EV=(% protein x 4,4 + % milk fat x 9,3 + %
total sugar x 4,1) x 4,186 [kJ100g-1]. Content of minerals: Ca, K and Na, using ICP-MS
method with microwave-assisted. Phosphorus was analyzed using spectrophotometric
method, at 720 nm.
Sugar content was analyzed by Liquid Chromatograph Agilent Technologies 1200 Series
with ELSD and Zorbax Carbohydrate Column (4.6x250mm. 5 μm). The flow rate was 1.000
mL/min, at ambient temperature and run time was 15 min. The mobile phase with isocratic
flow was a cetonitrile/water (70/30. v/v). Content of vitamin C was determined using HPLC
method (High Performance Liquid Chromatography (Malbaša et al., 2009). Antioxidant
activity was tested using test of radical inhibition (DRI) with 2,2-diphenyl-1- picrylhydrazyl
(DPPH) (Amirdivani and Baba, 2011). Polyphenolic content was determined using the Folin–
Ciocalteu method (Shetty et al., 2005). Sensory analysis of sample was carried outlying
expert committee (trained panelists selected from University staff members). The ﬁve point
system and the descriptive method with assessing the scoring range from 1 to 5. Statistical
analysis of results was carried out with the computer software program “Statistica” and were
expressed as average of values obtained at three independent experiments.

RESULTS AND DISCUSSION
Chemical composition
From the aspect of sustainability and stability of the product during the storage period, as
well as sensory qualities, physico-chemical characteristics of the product are a significant
quality parameter. The average chemical composition of hydrolyzed permeate, fruit base and
produced orange/carrot beverage from hydrolyzed permeate is shown in Table 1. Hydrolyzed
permeate used for beverage production had a pH of 6.28 and dry matter of 5.41 g/100g.
Energy value of 100 g hydrolyzed permeate was low (84.32 kJ), which allows its wider
implementation as a dietary product.
Dry matter of the orange/carrot beverage after the production was 6.52±0.07 g/100g. Similar
values of the dry matter were obtained by Hattem et al., (2011) and Đurić et al., (2004), while
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the dry matter of beverages according to Sady et al., (2013) had much higher value (12.01
g/100g). During the storage period, there was a slight variation of the dry matter content. The
produced orange/carrot beverage was fat-free and lactose-free, which was expected due to
the chemical composition of raw material for the production. The protein content was not
changed compared to hydrolyzed permeate. The pH value of the orange/carrot beverage
slightly decreased during the storage.
Table 1. Characteristics of the hydrolyzed permeate, the orange/carrot base and the produced
orange/carrot beverage
Orange/carrot beverage
Hydrolyzed
Orange/carrot
Component
Content
permeate (g/100g) base (g/100g)
Day of storage
(g/100g)
0
6.52±0.07
Dry matter
5.41 ± 0.01
43.05 ±0.06
60
6.54±0.02
0
0.00
Milk fat
0.00 ± 0.01
0.00
60
0.00
0
0.18±0.01
Total proteins
0.18 ± 0.01
0.67 ± 0.01
60
0.22±0.01
Total sugars
4.23 ± 0.01
32.93 ± 0.01
60
6.33± 0.01
0
0.52±0.03
Ash
0.51 ± 0.01
0.84 ± 0.01
60
0.47±0.003
0
4.08±0.01
pH
6.28
3.05
60
4.03±0.01
Energy value
84.32
88.295
kJ/100g

The analysis of sugars present in hydrolyzed permeate confirmed the presence of
monosaccharides glucose (2.12 %) and galactose (2.11 %) obtained by decomposition of
lactose (Table 2).
Table 2. The level of carbohydrates in the hydrolyzed permeate, the fruit base and the orange/carrot
beverage after production
Orange/carrot
Content
Hydrolysed permeate
Orange/carrot base
beverage
Glucose (g/100 g)
2.12
12.50
1.78
% of total sugars
Fructose (g/100 g)
% of total sugars
Galactose (g/100 g)
% of total sugars
Sucrose (g/100 g)
% of total sugars

50.12
0.00
0.0
2.11
49.88
0.00
0.0

37.96
10.10
30.67
0.00
0.0
10.33
31.37

50.42
0.15
4.25
1.38
39.09
0.22
6.23

The fruit base mostly consisted of fructose and glucose originating from fruit which is a
component of fruit base and sucrose. The proportion of sugars in the dry matter of
orange/carrot fruit base was 76.49 %. Out of the total sugars in the beverage after
production, more than a half was glucose (50.42 %), similarly with the initial raw material.
The storage period have shown that there was a slight change in the proportion of glucose
and galactose in the orange/carrot beverage. According to literature data, glucose content in
orange juice may vary between 1.75 and 3.23 g/100g (Kelebek et al., 2009; Farnworth et al.,
2001; Sanz et al., 2004). Glucose content in beverage is in accordance with the cited values.
Glucose is preferred energy source for the body that is easily absorbed and therefore gives
rise to reduced fatigue and faster recovery following exercise (Anderson et al., 2002). The
produced hydrolyzed permeate beverage is lactose-free, which enables lactose intolerant
people to use it. Energy value of 100 g of beverage is 88.295 KJ and as such, it can be
classified into a group of low-energy drinks suitable for use in energy-restricted diets.
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Minerals
The content of mineral matter was not significantly different in hydrolyzed permeate
compared topermeate (Ilić-Udovičić et al., 2013). The dominant mineral in all samples is
potassium. In the fruit base, the portion of this mineral component is 1971.9 mg/kg (Fig. 1).

Figure 1. Mineral content in the hydrolyzed permeate, the orange/carrot and orange/carrot beverage
during the storage

The second most abundant mineral is calcium without significant deviation until the end of
the storage period, followed by sodium. After 60 days of storage, there were no significant
changes to the mineral content in the hydrolyzed permeate beverage (Figure 2). The
consumption of 250 ml of the beverage can satisfy 22 % of daily needs for calcium in
children and 11 % in adults.
Vitamin C
Orange/carrot base contained 13.50 mg/100g of vitamin C (Fig. 2). Hydrolyzed permeate had
a total of 0.43 mg/100g of vitamin C, which is approximately equal to the value found in the
permeate (0.45 mg/100g). The composition of permeate, the type and composition of fruit
bases and technological parameters are the most important factors affecting the
concentration of vitamins in beverages (Tamime and Robinson, 2004). After 15 days of
storage at the temperature of 4°C, the concentration of vitamin C in the beverage was
reduced by 0.3 %, and after a month of storage, the changes in the content of vitamin C were
1 %.

Figure 2. Vitamin C content in: a) the hydrolyzed permeate and orange/carrot base, b) the
orange/carrot beverage during storage
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Antioxidant activity
The results of antioxidant activity (AADPPH, %) of samples on DPPH radicals and the content of
polyphenol are shown in Table 3. The addition of fruit content to hydrolysed permeate
caused an increase in antioxidant activity due to the high content of anti-oxidant components
in fruit.
Table 3. Radical scavenging activity measured by DPPH (2,2-diphenyl-1picrylhydrazyl) method and
polyphenol content of analysed samples
Orange/carrot beverage
Hydrolysed
Orange/carrot base
Day
of
permeate
Content
storage
0
11.61
AADPPH (%)
1.29
59.15
60
9.68
0
55.97
Polifenol
12.53
1919.75
(mg GAE /L)
60
51.59

Time of storage influences the change of polyphenol content in the beverage, and after 60
days, the value decreased by 8 %. A significant decline in the level of polyphenol in orange
juice during relatively short period of storage was reported by del Caro et al., (2004), while
the research of Calisanturk et al., (2011) found subtle changes to the content of polyphenol.
During the storage period, there was a decrease of AADPPH% value by 17 % in the
orange/carrot beverage. The decrease of antioxidant activity after 60 days can be explained
by degradation of vitamin C and polyphenol that happened during storage period.
Sensory analysis
Sensory qualities of the beverage (appearance, color, sediment, flavor and taste) after
production were characteristic of the group of products and typical for the type of aromatic
additive. The evaluation of the orange/carrot beverage is presented in the Figure 3. The taste
is distinctive, distinguishing, slightly acidic (due to the addition of the fruit base and its
composition, the content of sugar and acid) and refreshing. The beverage is without
sediment, the color and the consistency of the sample are uniform, the flavor is pleasant,
mild and typical of the used aromatic additive.

Figure 3. Sensory analyses of beverage after production

CONCLUSION
The obtained results showed that the applied technological process is suitable for production
of hydrolyzed UF milk permeate beverage. The produced beverage had stable
physicochemical composition during 60 days of storage period, and high nutritional and low
energy value. The beverage was delactosed and did not contained milk fat. Out of the total
sugars in the beverage, the content of glucose was more than 50 %. The beverage is an
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excellent source of minerals potassium and calcium, while the content of sodium satisfies the
body’s needs. Given that glucose is a preferable energy source for the body and due to the
presence of water and electrolytes, the beverage can be successfully used for rehydration of
the body and the compensation of minerals after strenuous exercise. The beverage
contained vitamin C and polyphenols, which contributes to increased daily intake of these
substances with high antioxidant properties. The proposed procedure for processing
permeate solves the problem of permeate disposal by converting it into a product intended
for human consumption which would completely satisfy the criteria of the lactose intolerant
consumers.
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ABSTRACT
Due to industrial development, large amount of various harmful substances are emitted in the
environment, including heavy metals. As a result of their accumulation in the biosphere humans and
animals are introducing them into their bodies, which causes various diseases because of toxic effect
they have on the human body. While heavy metals, among others, cadmium, pose potential risks in
the production of quality food, we examined the amount of cadmium in different types of meat. In order
to determine the cadmium content in beef, pork and chicken meat placed on the Serbian Republic of
Bosnia and Herzegovina market, extensive research was conducted. Part of this research is
presented in this paper.
Cadmium was measured bygraphite furnace atomic absorption spectrometry (GFAAS) and the
measured concentrations are shown in mg/kg of meat. The study included 237 samples of beef, pork
and chicken meat. Of the total of 237 samples, in 133 samples (56.12%), the amount of cadmium was
at or below the established limit of quantification (≤0.001 mg/kg). Among these samples mostly beef
had this low cadmium content (58.89%). The largest amount of cadmium was found in pork samples
at a concentration of 0.025 mg/kg, followed by beef at concentrations of 0.010 mg/kg. The maximum
amount of cadmium in poultry meat was 0.008 mg/kg which is the lowest compared to the
concentrations determined in the other two types of meat. When comparing the results obtained with
the maximum allowed level of this element it can be concluded that consumption of examined meat,
does not pose a risk to human health.
Keywords: cadmium, heavy metals, residues, beef, pork and chicken meat

INTRODUCTION
Metals having a bulk density greater than 5 g per cm-3 belong to the group of heavy metals.
Heavy metals are widespread in the environment (Walker et al., 1995). Their representation
as pollutants in the working environment poses a serious health and environmental problem
because they are toxic, non-biodegradable, have a very long half-life in soil (Ram Isar, 2000)
and accumulate in living system through active human food chain (Merian 1991, ATSDR Agency for Toxic Substances and Disease Registry, 2008, Mariam et al, 2004).
Toxic effect of heavy metals is that they stimulate the formation of free radicals and reactive
oxygen species and biomolecules in the organism which causes oxidative stress and leads
to membrane lipid peroxidation which disrupts its functionality and selectivity in transporting
substances. On that way they can cause damage to cells, the function of the enzyme, or
genetic material (DNA) (David, 2001). It is believed that heavy metals pose a continuing
danger as carcinogenic for human's organism (Kokilavani, 2005).
In normal conditions, there are three ways of entering the heavy metal in the body: through
the skin, the gastrointestinal tract and through the respiratory tract. Although discovered in
the early nineteenth century, cadmium is now classified as a group of the most important
metals in terms of professional and ecotoxicology. It is known that this metal, with a strong
cumulative effect (Demirezen, 2006) causes harmful effects in the body especially at the
level of the kidneys, lungs and skeletal system, and may be the cause of lung and testicular
cancer (Matovic et al., 2004). The largest source of inhalant intoxication of cadmium is
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smoking. Over smoke, 50% of cadmium is absorbed from the lungs into the systemic
circulation during active smoking (Satarug et al., 2003).
Based on the information available, the IARC (International Agency on Research of Cancer)
classified Cd in group 1, a proven carcinogen for humans.
Systematic exposure to the impact of cadmium leads to increased excretion of calcium,
which is an increased risk for the formation of kidney stones and bone damage (Godt, et al.,
2006). Symptoms of acute exposure to cadmium are nausea, vomiting, loss of smell, taste
and appetite, abdominal pain (Wentz, 2000).
Food is the largest source of cadmium contamination in the general population of nonsmokers (Petrovic and Jankovic, 2008; Milijašević et al., 2012, Järup and Åkesson, 2009,
Baykov et al., 1996), which is way the analysis of food is of great importance (Oyaro et al.,
2007).
In Kenya, meat is sold in butcheries, which are strategically situated near the roadsides and
near bus stops. Most of these butcheries have their doors open, and there is likelihood that
meat is contaminated by heavy metals.
In the research of Oyaro et al. (2007), samples of the kidney, liver and muscles from various
cattle were taken from Nairobi and its surroundings. The overall concentration of Pb, Cu, Cd
and Zn were below 2 mg/kg. Generally, the muscle had high concentration of Pb and Cd as
compared with kidney and liver. This observation is an anomaly from what has been reported
in the literature so far with the liver indicating high metal content. Since most of the
butcheries in the study area are located along the highway with high vehicular density, there
is a high possibility of direct deposition of Pb and Cd in the meat.
Okoye (2010) was found that meat quality was impaired by high levels of Zn, Cu and Cd and
indicates widespread contamination of the environment by these trace metals.
In recent years, much attention has been focused on the concentration of heavy metals in
meat, meat products and other food in order to check for the effects of those hazardous on
human health (Abou-Arab, 2001; Moeller et al., 2003).
After extensive studies on food additives and their toxicity, the World Health Organization
(WHO) has concluded that even low levels of certain metals, such as lead and cadmium, can
cause disease in humans (WHO, 2000 and 2001). This is due to the capability of these
metals to accumulate in living organisms.
Since the meat is highly present in the human diet, as a very important source of easily
digestible and biologically valuable components and energy, including the necessary trace
elements (Rede and Petrović, 1997, Iwegbue, 2008), it is one of the foods in which the
amount of heavy metals should becontrolled, including cadmium.
According to the Regulationon themaximum residuelimitsfor certaincontaminantsin foodstuffs
("Official Journal of BiH", no. 68/14) the Maximum ResidueLimit (MRL) for cadmium in meat
is 0.05 mg/kg.

MATERIALS AND METHODS
MATERIAL
The total amount of cadmium was determineted in samples of meat (beef, pork and chicken)
available on the market of Serbian Republic of Bosnia and Herzegovina. The samples were
submitted for testing by the inspection authorities. There were a total of 237 samples of
meat, including 90 samples of beef, 122 samples of pork and 25 samples of chicken meat.
These data were collected during the period 2015-2016.
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Meat samples were submitted for testing in fresh or frozen condition. Samples were stored at
-20 °C and analyzed as soon as possible. Before the analysis, the meat is chopped to pieces
and homogenized.

METHODS
Samples of meat for instrumental determination weare previously prepared by a method of
wet digestion in a microwave oven MILESTONE D. After homogenization and weighing
about 2.5 grams of the sample of meat, in the test tube was added 8 mL of concentrated
nitric acid, analytical grade (Sigma, Germany) and 2 ml of 30% hydrogen peroxide (Merck,
Germany).
Depending on the number of prepared cuvette with samples, the digestion program
wasselected according to the manufacturer's instructions of equipment. The quantity of
cadmium was determined at atomic absorption spectrophotometer Agilent Technologies
240Z AA with Zeeman correction (GFAAS), and the measured quantities are expressed in
mg/kg of the sample of meat. The limit of quantification was 0.001 mg/kg, and the results
which weare below the limit were expressed by <0.001 mg/kg. In order to ensure the quality
of the test results, we tested blank samples for each batch digestion, samples spiked at the
level of the maximum allowable amounts of Cd in the meat andcertified reference material.

RESULTS AND DISCUSSION
In the period of 2015-2016, the contents of cadmium (Cd) was tested on the 237 samples of
different types of meat, as follows: 90 samples of beef, pork 122 samples and 25 samples of
chicken meat. Of the total of 237 samples, in 133 samples (56.12%), the amount of cadmium
was at or below the established limit of quantification (≤0.001 mg/kg).
Among these samples mostly beef had this low cadmium content (58.89%). The largest
amount of cadmium was found in pork samples at a concentration of 0.025 mg/kg, followed
by beef at concentrations at or below 0.010 mg/kg (Figure 1).
Based on the results of testing meat samples (Table 1), we can see that Cd was not detected
in 120 samples of meat, i.e. 50.63% of samples.In pork, Cd was not detected in 10 samples
of meat, in chicken in 63 samples and beef in the 47 samples.
Jankovic et al. (2013) was estimated entries cadmium food in Serbia. Compared to our
results, they found a larger number of samples in which Cd was not detected (74.7%).
The meat samples in which the Cd was detected, the amount ranged from 0.001 to 0.010
mg/kg, from 0.001 to 0.025 and 0.001 to 0.008 mg/kg for beef, pork and poultry, respectively.
Therefore, the maximum content of Cd was determined in samples of pork is 0.025 mg/kg (1
sample), and the beef 0.010 mg/kg (1 sample).
The maximum amount of cadmium in poultry meat was 0.008 mg/kg which is the lowest
compared to the concentrations determined in the other two types of meat.
The average value for each type of meat where Cd was detected and the total average value
of Cd in all samples amounted to 0.003 mg/kg.
The content of Cd in all the samples was generally low and in one sample, detected amount
was less than half the concentration of maximum levels.Therefore it can be concluded that
there is no risk to human health od food intake od cadmium.
The amount of cadmium in the samples of pork, according to the results of research
Jokanovic et al. (2013) was below the level of detection (LOD = 0.050 mg/kg), which is
consistent with our results. Also, our values of Cd are approximate values reached by Gerber
et al (2009).Thay reported Cd content in different cuts of beef, pork, lamb, chicken and foal
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collected from supermarkets and Butcheries in Switzerland. The concentrations found for
cadmium ranged from 0.6 to 3.9 mg/100 g.
In recent years, much attention has been focused on the concentration of heavy metals in
meat, meat products and other food in order to check for the effects of those hazardous on
human health (Abou-Arab, 2001; Moeller et al., 2003).
Table 1.Cadmium residues (mg/kg) in sample of beef, pork and chicken meat
Amount of Cd
Types of meat
mg/kg
Beef meat
Chicken meat
Pork meat
Number of samples
<0.001
47
10
63
0.001
6
2
5
0.002
20
6
30
0.003
4
8
0.004
5
5
9
0.005
3
1
0.006
1
1
1
0.007
2
0.008
1
1
2
0.01
1
1
0.014
1
0.025
1
Single
average 0.003
0.003 mg/kg
0.003
amount
Total
average
0.003 mg/kg
amount

Figure 1.Variations of the amount of cadmium within the types of meat

In Nigeria, chicken meat, gizzard and turkey meat are a major source of protein to the
population and are widely consumed. The main source of metals in chicken and turkey meat
arises from contamination of poultry feeds, and drinking water source and processing.
Thus, a study conducted by Iwegbue et al. (2018) determined a significant amount of
cadmium in poultry meat, but the wide distribution of test results of meat from different
locations in Nigeria. Average amount of cadmium in chicken meat were in the range of 0.01 ±
0.00 mg/kg to 1.27 ± 0.24 mg/kg. The amount of cadmium identified in that study is much
higher than our test results in poultry meat. Also, maximal amount of cadmium in meat is
lower than the amount reached by Jankovic et al. (2013) (0.520 μg/g).
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Gonzalez-Weller et al. (2006) reported mean levels of 1.68 μg/kg Cd in chicken meat,5.49
μg/kg in pork meat,1.90 μg/kg in beef meat and 1.22 μg/kg Cd in lamb meat. Higher values
of Cd were found in meat products consumed by the population in Teneriffe Island, Spain:
4.15 μg/kg Cd in chicken meat products, 6.50 μg/kg Cd in pork meat products, 4.76 μg/kg Cd
in beef meat products and 5.98 μg/kg Cd in turkey meat products. Mariam et al. (2004)
reported Cd content of 0.33 mg/kg, 0.37 mg/kg and 0.31 mg/kg for lean meat of beef, mutton
and poultry respectively. Cd levels found in our study were more comparable to levels
reported by Gonzalez-Weller et al. (2006) then levels reported by Mariam et al. (2004). Our
Cd levels are much lower than levels reported by Mariam et al. (2004).
When comparing the results obtained with the maximum allowed level of this element it can
be concluded that consumption of examined meat, does not pose a risk to human health.

CONCLUSIONS
1.
2.
3.
4.
5.
6.
7.

Quantity of cadmium in all samples was below than maximum allowed level.
The average amount of cadmium in meat was 0.003 mg/kg.
Of the total samples, in 56.12% of sample testing, the amount of cadmium was at or
below the established limit of quantification (≤0.001 mg/kg).
The largest amount of cadmium was found in pork samples at a concentration of 0.025
mg/kg, followed by beef at concentrations of 0.010 mg/kg.
In poultry meat the maximum amount of cadmium was 0.008 mg/kg which is the lowest
compared to the concentrations determined in the other two types of meat.
Based on the test resultsof cadmium, consumption of examined meat, does not pose a
risk to human health in the territory of the Serbian Republic of Bosnia and Herzegovina.
As the contamination of the environment changes, we need to continue to monitor the
amount of cadmium in meat to provide more data and thus significantly contribute to the
preservation of human health.
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ABSTRACT
The starch processing industry has increasing needs for higher value and maximum yields from every
facility, due to more restrictive environmental regulations and increasing landfill and waste treatment
costs. Microfiltration and ultrafiltration are the most common membrane processes applied in
wastewater treatment from starch processing industry and their applications, especially cross-flow
microfiltration, are increasing rapidly. The aim of this study was to investigate the influence of process
parameters, i.e. transmembrane pressure, suspension flow rate and concentration on the starch
suspension microfiltration process, using single channel ceramic membrane, with the pore size
diameter of 200 nm, as well as the influence of twisted tape, as turbulence promoter. It was observed
that the application of the twisted tape static mixer has positive influence on the microfiltration process,
because it affects the increasing flow rates, as well as the change of flow paths, which results in better
mixing of fluids and reducing the thickness of the boundary layer. The use of static mixers, as
turbulence promoter, leads to an increase of steady state permeate flux in the range of 10% - 32%,
depending on values of process parameters.
Keywords: microfiltration, starch suspensions, static mixer, ceramic membrane

INTRODUCTION
Membrane technology is a method for recovering processing solids and treat water for
recycling in many food processing industries. Microfiltration and ultrafiltration, as a pressure
driven separation processes, are the most common membrane processes applied in
wastewater treatment from starch processing industry and their applications, especially
cross-flow microfiltration, rapidly increase.
Considerable attention has been given to the development of techniques for reduction of the
retained particles accumulated on and within the membrane, which lead to significant
permeate flux decrease during the microfiltration process. Pore blocking and cake formation
can be considered as two mechanisms of membrane fouling (Wakeman and Williams, 2002).
These techniques involve changing the hydrodynamics of the system, use of external body
force and membrane surface modiﬁcations. The effectiveness of these methods is generally
quantiﬁed by the increase in permeate ﬂux, quality of separation and ease membrane
cleaning (Pal et al., 2008).
Use of the turbulence promoters was one technique to promote flow instabilities, and it had
shown the effect on reducing fouling and concentration polarization, and improving flux in
microfiltration and ultrafiltration processes (Xin et al., 2011). The presence of turbulence
promoters causes remarkable increases of the fluid velocity, and generate the region of
unsteady flow, which can significantly improve the filtration performances (Wanthamanee et
al., 2012). Turbulence promoters may have different geometry and the most common used in
tubular membranes are smooth rods, spiral wire, conical inserts, twisted tapes, Kenics and
blade static mixers. Compared to other promoters, such as a smooth rod or Kenics static
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mixer, twisted tape turbulence promoter provides a turbulent flow with a significantly lower
pressure drop, which is its main advantage (Popović et al., 2011).
Therefore, the objective of this study was to investigate the effects of the process variables
(transmembrane pressure, suspension flow rate and concentration) on the permeate flux and
whether the use of twisted tape static mixer, as a turbulence promoter, could improve the
starch suspension microfiltration performances.

MATERIAL AND METHODS
Starch suspensions were prepared using dry wheat starch (Fidelinka-Skrob; Fidelinka,
Subotica, Serbia) suspended in distilled water. The chosen concentrations were in the range
of wastewater concentrations, after several hours of precipitation. The experiments were
carried out using a conventional cross-flow microfiltration unit (Figure 1).

Figure 1. Experimental set-up for cross-flow microfiltration

The suspension was transported by peristaltic pump (ISMATEC, Switzerland) from the tank
through the membrane module. All experiments were carried out in conditions of feed
suspension recirculation, which means that permeate, after measuring, was taken back into
the reservoir in order to prevent changes of the feed suspension concentration, while the
retentate was constantly recirculated into the tank with the suspension.
During the experimental procedure, a single-channel ceramic membrane with 200 nm pores
diameter (length - 25 cm, active surface - 0.005 m2; GEA) was used. The membrane module
was made of stainless steel, to prevent corrosion during the filtration process.
The transmembrane pressure difference was adjusted by the regulation valve. The permeate
flux was calculated from the time needed for collection 10 ml of permeate. Experiments were
carried out at the room temperature (22±2°C). All measurements in this study were carried
out in triplicate and the results were averaged. Before each experiment, membrane was
cleaned with 0.5% solution of Ultrasil 11. The effectiveness of membrane cleaning was
assessed by examining the water flux recovery. The cleaning procedure was repeated until
the 95% of original water flux was restored.
The static turbulence promoter, used during experiments, was the stainless steel twisted
tape static mixer (Figure 2). The static turbulence promoter was incorporated into a tubular
membrane and was fixed appropriately to avoid any movement, due to the fluid flow.
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Figure 2. Characteristic dimensions of twisted tape static mixer

The main characteristics of this turbulence promoter was: promoter diameter (DTP) -6.5 mm,
promoter length (LTP) – 250 mm, number of elements (NTP) – 13, characteristic parameter
(OTP=Le/DTP) – 3.
In order to consider the impact of process parameters on the microfiltration process, it is
necessary to choose an adequate experimental plan that allows good and rational design of
experiments, as well as statistical evaluation of the results. The operational conditions were
planned according to Box-Behnken experimental design. Three independent variables,
transmembrane pressure, suspension flow rate and suspension concentration, were:
•
•
•

transmembrane pressure (TMP) 0.3; 0.6 and 0.9 bar
suspension flow rate (Q) 80, 130 and 180 L/h
suspension concentration (C) 5, 10 and 15 g/L.

A total of 15 different combinations according to selected experimental plan (including two
replicates of the centre point) were conducted in random order.
Experimental data can be employed to evaluate the regression coefficients of a polynomial
equation that correlates a dependent variable with several independent variables. These
regression coefficients can give information, not only about the influence of the individual
factors, but also about the effects among them.

Y = b0 +

bi X i +

bii X ii2 +

bij X i X j

where b0 represents intercept (constant), bi the linear, bii the quadratic and bij the interaction
effect of the factors; Y represents response.
To describe the microfiltration process and the influence of the static mixer on the permeate
flux, two responses was selected: permeate flux in the system without the presence of the
static mixer (JNSM) and permeate flux in the system with a static mixer (JSM). Each of
equations called the response function and its geometric display is called response surface
plot. The adequacy of the model was evaluated by coefficient of determination (R2).
Statistical analysis was performed using Statistica 10.0 software.

RESULTS AND DISCUSSION
The influences of transmembrane pressure, suspension flow rate and concentration on the
observed responses (JNSM and JSM) were described by polynomial model of the second
degree, and the equations are as follows:
J

= 85.131+ 25.194 * TMP + 0.3732 * Q - 4.0333 * C +18.518 * TMP 2 - 0.0007 * Q2 + 0.1167 * C2 - 0.0667 * TMP * Q -1.5000 * TMP * C - 0.0050 * Q* C

J

= 41.453 +150.22 * TMP + 0.8353 * Q - 5.5367 * C - 29.630 * TMP 2 - 0.0019* Q2 + 0.3333 * C2 - 0.1000 * TMP * Q - 5.3333 * TMP * C - 0.0160 * Q* C

NSM

SM

High values of the coefficient of determination, R2 (JNSM) = 0.991 and R2 (JSM) = 0.973,
indicate a good fit of experimental data with the second degree polynomial model. Response
surface plots, which correlated with given equations, are presented and discussed below.
Figure 1a) shows the influence of transmembrane pressure and suspension flow rate on a
steady-state permeate flux in the system without a static mixer. It can be seen that, with an
increase of transmembrane pressure, permeate flux increases, at all values of suspension
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flow rates, as transmembrane pressure is the main driving force for the microfiltration
process. At the same time, there is an intensive precipitation of starch particles on the
membrane surface, which provides resistance to the permeate flow and limits the influence
of transmembrane pressure. The effect of transmembrane pressure depends primarily on the
type of filtered material and porosity and compressibility of cake that forms on the surface of
the membrane (Liu et al., 2012). Increase of the suspension flow rate had a positive
influence on the microfiltration process, at all values of transmembrane pressure, because
the intensive removal of the particles from the membrane surface (greater shear stress near
the membrane surface due to higher tangential velocities), leads to a reduction of the
filtration cake thickness, and potentially increase of its porosity. However, the increase in
permeate flux is a little bit more pronounced at lower values of transmembrane pressure, and
it is assumed that the reason for such behavior lies in larger backflow of material from the
filtration cake, with the suspension flow increase, compared to the higher transmembrane
pressures, as it was mentioned in the work of Vladisavljević et al. (2003).
Figure 1b) shows the influence of transmembrane pressure and suspension flow rate on a
steady-state permeate flux in the system with a static mixer. It can be seen that an increase
in the transmembrane pressure leads to an increase in steady-state permeate flux, at all
values of flow rates, but the influence of transmembrane pressure was more pronounced at
lower values of the suspension flow. The reason for this behavior lies in the fact that the
twisted tape, as a turbulence promoter, causes an increase in cross-flow velocities, as well
as the change of flow pattern, which affects the better mixing of the fluid and reducing the
thickness of the boundary layer, reducing the flow resistance (Popović and Tekić, 2011).

a)

b)

Figure 1. Effects of transmembrane pressure and flow rate on a) permeate flux without static mixer, b)
permeate flux with static mixer

Figure 2a) shows the influence of transmembrane pressure and feed concentration on the
steady-state permeate flux in the system without a static mixer, where increase of
transmembrane pressure leads to a permeate flux increase, at all concentrations within the
observed range. However, at lower concentrations, the influence of transmembrane pressure
is more pronounced, due to the smaller amount of particles deposited on the membrane
surface, as a consequence of transmembrane pressure, as driving force. The concentration
of the feed suspension had a significant negative impact on the microfiltration process, which
reflected in sharp decrease of permeate flux with concentration increase. The mass of
filtration cake increases with concentration, causing intense permeate flux decline. The total
weight of the filter cake depends on the volume of permeate passing through the membrane,
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and the thickness of the cake is proportional to the weight of the particles in the filtration cake
(Lee and Clark, 1998).
Figure 2b) shows the influence of transmembrane pressure and suspension concentration on
a steady-state permeate flux in the system with a static mixer. The increase of
transmembrane pressure, at all values of concentration, leads to permeate flux increase, but
this effect is more pronounced at lower values of concentration, as expected. It can be seen
that the transmembrane pressure had a greater impact on the permeate flux in a system with
a static mixer, due to higher tangential flow velocities which leads to reduced formation of a
filtration cake. With the concentration increase, the permeate flux decline, at all values of
transmembrane pressure, but the impact of the concentration is less pronounced compared
to the system without the static mixer, especially at higher values of concentration.

a)

b)
Figure 2. Effects of transmembrane pressure and suspension concentration on a) permeate flux
without static mixer, b) permeate flux with static mixer

a)

b)

Figure 3. Effects of suspension flow rate and concentration on a) permeate flux without static mixer, b)
permeate flux with static mixer

Figure 3a) shows the influence of suspension flow rate and concentration on a steady-state
permeate flux in the system without the static mixer. Increase of flow rate leads to a slight
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increase of permeate flux, as a result of higher cross-flow velocities and better mixing, as
well as reduction of filter cake thickness. The permeate flux drops significantly with
concentration, due to the presence of large quantities of particles per unit volume of the feed
suspension.
Figure 3b) shows the impact of suspension flow rate and concentration on permeate flux in a
system with a static mixer. It is clear that with concentration increase, permeate flux
decreases, but in comparison with a system without a static mixer, the impact of
concentration is much smaller, especially at the higher values of concentration. Flow rates
increase leads to an increase in steady-state permeate flux, as a result of better mixing and
higher flow velocities, resulting in reduction of filtration cake thickness.

CONCLUSIONS
The aim of this study was to investigate the influence of the twisted tape static mixer on the
starch suspension microfiltration process, using ceramic membrane with 200 nm pore
diameter. The influence of process parameters on the permeate flux, in the system without
and with the presence of a static mixer, was described using response surface methodology,
where the second-degree polynomial model approximates experimental data. High values of
the coefficient of determination (0.991 and 0.973, respectively) indicate the validity of this
approach.
Experimental results of the microfiltration process showed that the use of twisted tape, as a
turbulence promoter, lead to increase of the steady-state permeate flux from 10-32%, within
the tested range of process parameters. Starch particles easily and quickly accumulate
under the influence of gravity, and it takes constant, intensive mixing to prevent the creation
of sediment. Once formed sediment is very difficult to return into suspension. It is assumed
that the flow velocities are not large enough to prevent the intensive cake creation and allow
higher values of the permeate flux due to the presence of static mixer.
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ABSTRACT
Bakery products play an important role in the diet of people in Ukraine and occupy a special place in
their diet. The priority is the possibility of realization of freshly baked bread at any time of the day and
closer to the consumer - in shops, cafes and restaurants, hotels, recreation centers, and various
points of fast food from frozen convenience foods. Large plants can supply semi-finished products in
small batches, which would be baked in places of ultimate realization. There was a need to improve
the technology of production of bakery products for long-term storage and to improve the quality of
finished products from frozen part-baked dough. On the basis of theoretical and experimental studies,
we developed the technology of production of frozen semi-finished bakery products for functional
purpose. Quality parameters of finished products were improved through the use of potato starch and
modified Paselli BC (E1414), replaced by chemical enhancers and formula ingredients of natural
origin. It was also studied the possibility of using non-traditional types of flours in frozen part-baked
products. This resulted in a product with increased nutritional and biological value with good sensory
and physico-chemical quality.
Key words: bakery products, long-term implementation, frozen foods, quality

INTRODUCTION
Bakery products have a special place in the human diet. In recent years, consumers prefer
fresh baked goods from bakeries and cafes, as reduced bakery products on traditional
technologies. A promising technology is "part-baking", which allow large enterprises to
produce frozen ready meal and deliver them to the place of sale. This technology can be
considered energy-efficient, due to partial baking. The advantage of baked goods made by
the technology of "part-baking" is a long-term storage.
The priority development opportunity is the realization of freshly baked bread with functional
properties at any time of the day and closer to the consumer - from partially baked and
frozen bakery.
In the production of bakery technology "part-baking", multiple warehouses use synthetic
additives that prevent the production of functional bakery products from frozen partially
baked commodities (Solonytska, 2009., Kulp and Lorenz, 2005).
Selection and combination of ingredients such as different types of flour, pectin, modified
starch, processed rose, grape syrup, etc. makes it possible to improve the quality of finished
products, baked from frozen partially baked and half-finished dough and provide functional
properties through the use of ingredients of natural origin with high content of micro, trace
elements, vitamins, fiber and other additives that provide functional properties to bakery
products.
These measures provide product with increased nutrtional and biological value with high
sensory and physico-chemical quality.
In today's requirements for food, there is an urgent need to improve the technology for the
production of bakery products by "part-baking" technologies and improve the quality of
finished products as well as frozen partially baked commodities. On the basis of theoretical
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and experimental studies, we are developing the technology of functional bakery products
based on frozen partially-baked dough (Solonytska, 2015., Lebedenko, 2014).

MATERIAL AND METHODS
It was decided to use maltose syrup to improve the rheological properties of dough with high
content of yeast. It was also investigated the effect of different ingredients on the quality of
frozen part-baked bread.
Table 1. Recipe products 300 g flour
With buckwheat
Crude
flour
285
wheat flour the
highest grade
15
buckwheat flour
maize flour
wheat chaff
white salt
yeast baking
pressed
syrup

With maize flour

With wheat chaff

W crude, %

275

290

14,5

−

−

14,5

−
−
4,5
9,0

25
−
4,5
9,0

−
10
4,5
9,0

14,5
14,5
3,0
75,0

15,0

15,0

15,0

22,0

The aim of the investigation was to define ratios and influence of different kinds of ngredients
on the quality of ready-made bakery of a long term of realization (Kulp and Lorenz, 2005).
The laboratory baking of bread was carried out in a leavened-doughless way. The kneading
of dough was conducted on a Brabender′s farinograph during ten minutes, then the dough
was bulk-fermented for 60 minutes after which it was degassed, rounded, scaled, put into
moulds and sent to final fermentation in the thermostat TS-80 during 40 minutes. The dough
was baked in the laboratory oven RZHLP at the temperature 220-230 °C during 70% of the
total time of baking. The products were cooled under the laboratory condition and then were
deep-frozen at -18 C. The period of freezing lasted about 120 minutes. In such conditions
the products were kept during 3 days. The stage of defrost was conducted in the thermostat
TS-80 at the temperature of 29-32 C. The products were finally baked for the rest of 30 % of
the total time of baking. For control we took the products made according to the traditional
technology.

RESULTS AND DISCUSSION
This study determined the effect of maltose syrup on staling process and quality of the
finished product made from frozen partially-baked dough The results were compared to
conventionally baked product. The use of syrup in baking production contributes to the
quality of bakery products, accelerates the preparation of the dough, provides the necessary
rheological properties of dough, preserves the freshness of the finished bread.
With increasing dosage of syrup, a dense protein-carbohydrate structure was created by
uniform enveloping gluten with starch granules resulting in a more uniform crumb structure,
well-developed porosity with thin walls of the pores, increased specific volume and increased
freshness and resistance to staling. Syrup is an effective mean of stabilizing the baking
properties of flour, regulating the fermentation process, forming of certain properties of semifinished products, improving the quality of bread, including slowing down the staling process
and reducing the friability of the crumb of bread products made by partial baking technology
(Drobot, 2002).
Results showed that adding syrup in an amount of 5 % flour basis improves the sensory
properties products and avoids premature staling, due to the presence of dextrin, which
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have a high viscosity. Within 24 hours, stored bakery products developed elastic crust and
crumb.
The part-baked bread did not significantly differ in sensory and physico-chemical properties
as compared to the bread made according to conventional technology. The product
freshness was extended by slowing the aging of starch.
In the first phase of the study, the effect of buckwheat flour on the structural, mechanical and
physicochemical properties of finished products was determined.
Table 2. Physico-chemical indicators bread with buckwheat flour
Indicator
Control
Weight, g
400,34
Specific volume, sm3/100g
2250
Wetness, %
41,0
Acidity, grad
1,8
Porosity, %
55
Penetration, device units
∆Нov
83
∆Нpl
66
∆Нel
17
Relative elasticity, %
79,5
Relative resilience, %
20,5

Baked at 70 % and frozen
405,5
2200
36,4
1,9
58
112
101
11
90,1
9,8

In the second phase, it was determined the effect of maize flour on the physico-chemical
indicators of product.
Table 3. Physico-chemical indicators bread with maize flour
Indicator
Control
Weight, g
417,8
Specific volume, sm3/100g
2250
Wetness, %
41,7
Acidity, grad
1,6
Porosity, %
56
Penetration, device units
∆Нov
∆Нpl
∆Нel
Relative elasticity, %
Relative resilience, %

115
100
15
86,9
13,0

79
65
14
82,2
17,7

Table 4. Physico-chemical indicators bread with wheat chaff
Indicator
Control
Weight, g
409,9
Specific volume, sm3/100g
2300
Wetness, %
36,3
Acidity, grad
1,0
Porosity, %
56
Penetration, device units
∆Нov
∆Нpl
∆Нel
Relative elasticity, %
Relative resilience, %

Baked at 70 % and frozen
438,4
2000
34,6
2,0
64

55
36
19
65,4
34,5

Baked at 70 % and frozen
407,4
2280
40,2
0,8
73
101
76
25
75,2
24,7

Analysis of the quality of finished products showed that the addition of increased amounts of
yeast can significantly increase the porosity of products. Adding maltose syrup to the recipe
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allowed the extension of shelf life by improving the hydrophilic properties of the crumb and
increasing the content of water-soluble substances.

80
70
60
50
40
30
20
10
0

baked at 70 % and f rozen

control

with
buckwheat
f lour

with maize
f lour

with wheat
chaf f

Figure 1. Graph of the porosity of the finished products from selected additives

f lavor

crust color
5
4
3
2
1
0

crust condition

control

with buckwheat f lour
with maize f lour

with wheat chaf f
smell

crumb
condition

Figure 2. Profilohrama organoleptic quality of finished products

CONCLUSION
Based on research, it can be concluded that it is advisable to use buckwheat, corn flour and
wheat flour in the production of frozen part-baked bread. Corn flour contains more lipids,
sugars, hemicellulose, it rich in macro and micronutrients (calcium, magnesium, phosphorus,
iron and nickel), vitamins E, B1, B2, B6, PP. Buckwheat flour contains zinc, magnesium,
calcium, iron, vitamin B, E group and antioxidant rutin [6]. It is well known that wheat flour is
a source of dietary fiber that is an essential food component. Adding flour and cereal bran
enhanced the nutritional value of products. Corn flour contains more lipids, sugars, and
hemicellulose. It is rich in macro-and micronutrients (calcium, magnesium, phosphorus, iron
and nickel), vitamins E, B1, B2, B6, PP. In the class of carotenoids cornmeal identified
carotene, kryptoksantan, zeaksantan. Buckwheat flour contains zinc, magnesium, potassium
and iron, vitamins B and E, antioxidants and rutin. It is known that wheat bran is the source
of dietary fiber that is essential components of food. Due to the presence of wheat bran, corn
meal and buckwheat flour in recipes, bakery products can be considered as functional ones
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ABSTRACT
This paper presents total phosphorus content expressed as P2O5 in ten analyzed samples various
meat products, whose origins are from domestic and foreign producers. The total phosphorus content
was in the range of 2-3 g/kg (10% of the samples), 3-4 g/kg (30% of the samples), 4-5 g/kg (20% of
the samples) and 5-6 g/kg (40% of the samples). The obtained results show that the highest content of
total phosphorus determined in Šunkarica (cooked sausage with pieces of meat) in amounts of 5.46
expressed as P2O5 in g/kg, while the smallest amount of phosphorus found in liver pate (canned
sausages), and it is 2.89 g/kg P2O5. Of the total number of samples tested, none of the samples has
not been proven phosphorus content greater than 8 g/kg, which is the maximum allowed under the
Rules on the quality of ground meat, semi-products of meat and meat products.
Keywords: total phosphorus, meat products

INTRODUCTION
The growing use of phosphates in food production raises concerns of researchers, showing
the consequences of such use on the health of consumers (Calvo and Park, 1996; Calvo,
2000). The widespread use of phosphate in meat processing and other branches of the food
industry (food and drink) has the effect of increasing the amount of phosphorus in the body,
and is in line with the recommendations of the World Health Organization (WHO) and the
Scientific Committee on Food of the EU average recommended daily intake of phosphorus
for adults is 800 mg (Recommended Dietary Allowances, 10th Edition National Research
Council, 1989). Phosphorus in the form of phosphate is particularly represented in food rich
in protein, and is typically high phosphorus content in dairy products (100-900 mg/100g),
meat (200 mg/100g) and fish (200 mg/100g). The average amount of phosphorus intake for
adults is typically between 1000 - 2000 mg/day (Serdar and Katalenić, 2006).
Meat products, in addition to natural phosphorus, which is derived from the meat, contain the
phosphorus originating from additives (phosphates, some soy-based products). Out of the
various agents used to bind water in meat, the greatest practical importance in meat
processing has phosphates. Added in the chilled meat, where they spent reserves of natural
phosphate (ATP), phosphates contribute to good water binding capacity, which had meat
before the occurrence of postmortem rigor. Phosphates are primarily technological added to
intensify water holding capacity of meat and meat products, and influenced on the texture of
the product, prevent discoloration, improve emulsification of fat and flavor, prevent oxidation
of unsaturated fatty acids and affect the pH value (Ellinger, 1972; Offer et al., 1983, Sofos,
1986; Modić, 2006; Vuković, 2006). It is common practice to perform the dosage of the
phosphate relative to the amount of meat and fat in the product. Technologically it is
considered an optimum amount of added phosphate of from about 3 g/kg, and the upper limit
is up to 5 g/kg. Adding phosphate to a greater amount does not improve product quality, but
also reduces water holding capacity, operates prooxidant and products giving soapy or bitter
taste (Ang and Young, 1989; Knipe, 2004).
The aim of this study was to determine the content of total phosphorus in 10 different meat
products (belonging to different groups and subgroups) from the domestic market and import.
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MATERIAL AND METHODS
Material for testing - determination of total phosphorus content consisted of 10 different semiproducts and meat products, from the domestic and foreign producers, presented in the table
(Table 1).
Table 1. Selected semi-products and meat products tested for determining total phosphorus content
Origin
of
Name/type of product
Group
Subgroup
Packing/mass
the product
Ground
Cooked
comminuted
1. Kranjska sausage
230 g
import
sausages
cooked
sausages
Fine
Cooked
comminuted
2. Hot dog
205 g
domestic
sausages
cooked
sausages
Cooked
Cooked
3. Šunkarica
sausage
with 202 g
import
sausages
pieces of meat
4. Fresh sausages for Fresh
210 g
domestic
roasting
sausages
Plates of meat
5. Beef stew
Canned meat
400 g
domestic
in a can
Canned
225 g (3 × 75
6. Liver pate
Canned meat
domestic
sausages
g)
Canned
7. Luncheon meat
Canned meat
chopped
300 g
import
meat
8. Smoked
Hamburg
Bacon
domestic
254 g
bacon
Fine
Cooked
comminuted
9. Pariser sausage
204 g
domestic
sausages
cooked
sausages
Minced shaped
10. Kebab meat for grill
236 g
domestic
meat

After adequate preparation of samples, determined total phosphorus content in various meat
products, g/kg, expressed as P2O5, used the standard method SRPS ISO 13730/1999, Meat
and meat products - Determination of total phosphorus content - Spectrometric method.

RESULTS AND DISCUSSION
Table 2 show measured absorbance values, corrected for the value of the blank shown
depending on the concentration of the diluted phosphate standard solutions. The calibration
curve was obtained on the basis of data from Table 2. Based on the obtained calibration
curve, P2O5 value, expressed in mg/mL, is calculated using the formulas:
c=

A 0,035
0,017

Wherein:
c - The concentration of phosphorus pentoxide in (µg/mL)
A - The measured values of absorbance for certain product
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The reading of the concentration of P2O5, expressed in µg/mL is replaced in the formula in
order to obtain a value expressed in% of P2O5, or in g/100 g of product, and then this value is
multiplied by 10 to obtain a value expressed as P2O5 in g kg.
P2O5 (g/kg) =

c 10
20m

Wherein:
c - The concentration of phosphorus pentoxide in the solution of the sample read from the
calibration curve, in µg/mL;
m - Mass of part of the test sample
Table 2. The values of the absorbance of the blank sample is presented depending on the
concentration of the diluted standard solution of phosphate
The concentrations of the diluted standard solution of
phosphate (µg/mL)
blank sample
10
20
30
40
50
60

The measured values of
absorbance
0.0931
0.2733
0.4238
0.4715
0.7671
0.9416
1.0939

Figure 1. Calibration curve

As shown in Table 3, the total phosphorus content was in the range of 2-3 g/kg (10% of the
samples), 3-4 g/kg (30% of the samples), 4-5 g/kg (20% of the samples) and 5-6 g/kg (40%
of the samples). The obtained results show that the highest content of total phosphorus
determined in Šunkarica (sample no. 3) in amounts of 5.46 expressed as P2O5 in g/kg, while
the smallest amount of phosphorus found in liver pate (sample no. 6), and it is 2.89 g/kg
P2O5. Of the total number of samples tested, none of the samples has been proven to
contain phosphorus content greater than 8 g/kg, which is the maximum allowed under the
Rules on the quality of ground meat, semi-products of meat and meat products.
In samples of ground comminuted cooked sausages (Kranjska sausage) total phosphorus
content determined was expressed as P2O5 of 5.35 g/kg, which is the closely value in relation
to the amounts shown in the results reported by Saičić et al. (2008) in which the determined
total phosphorus content expressed as P2O5 of 4.56±1.16 g/kg, in the same product group.
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In samples of fine comminuted cooked sausages (hot dog) proved the phosphorus content
expressed as P2O5 of 5.03 g/kg. Saičić et al. (2008) determined the content of total
phosphorus expressed as P2O5 of 4.75±0.89 g/kg, which is slightly lower content in
comparison to the one specified in our study, in the same group of products.
In our investigation, tested samples of cooked sausage with pieces of meat (Šunkarica)
contained 5.46 g/kg total phosphorus expressed as P2O5.
Our examination of fresh sausages for roasting determined the total phosphorus content of
3.59 g/kg expressed as P2O5, while in the research of Saičić et al. (2008) in the same product
obtained phosphorus content evaluated as P2O5 of 3.29±0.61, which indicating on very
similar values.
The investigation of beef stew (canned meat, subgroup plates of meat in a can) is
determined the phosphorus content of 3.05 g/kg, while the same product by other authors
get a phosphorus content evaluated as P2O5 of 2.20±0.57 g/kg (Saičić et al., 2008). Slightly
lower values can be explained by the fact that the Saičić et al. (2008) examined the much
larger number (78 samples) of canned meat, which affected the results because the interval
of variation was from 1.21 to 5.78 g/kg.
In our study of total phosphorus content expressed as P2O5 in liver pate determined the level
of 2.89 g/kg, which is slightly higher value compared to the values shown in the results of
tests of Saičić et al. (2008), where the same group of products proven content of 2.13±0.64
g/kg.
We detected total phosphorus content expressed as P2O5 in Luncheon meat (canned meat)
in a certain level of 5.39 g/kg. Study of Saičić et al. (2008) reported that in the same
subgroup determined total phosphorus content of 4.23±0.52 g/kg, with a variation interval of
3.68 to 5.12 g/kg.
In this research has been tested and determined total phosphorus content expressed as
P2O5 in smoked Hamburg bacon of 4.56 g/kg. Saičić et al. (2008) phosphorus content in
bacon of domestic producers amounted to 3.58±1.17 g/kg, which again points to the
similarity of established values in both investigations.
Pariser sausage was tested in this study contained 4.47 g/kg total phosphorus expressed as
P2O5, while Saičić et al. (2008) determined a similar value (4.75 ± 0.89 g / kg) in the same
products.
Our examination of a sample of kebab meat for grill the total phosphorus content expressed
as P2O5 was 3.53 g/kg, while in the same group of products, the content of total phosphorus
amounted to 3.38±0.51 g/kg (Saičić et al., 2008).
Prica et al. (2007) were conducted to examine the contents of nitrite and total phosphorus in
meat products of four different producers in the South Backa and Srem. A total of 256
samples and 84 samples of fine comminuted boiled sausages, 109 samples of ground
comminuted boiled sausages, 34 samples of cooked sausages, 21 samples of fermented dry
sausages, 5 samples of smoked products and 3 samples of cans of chopped meat. The
content of total phosphate is only in the two samples was higher than the prescribed value
(0.78%).
Koricanac et al. (2015) were measured phosphorous levels in 701 samples of different types
of cooked sausages from the Serbian market (in the period January 2014 to March 2015).
The highest level of phosphorus expressed as P2O5 (9.52 g/kg,) was found in fine
comminuted sausage and the lowest (0.94 g/kg) in meat pâté. The most common (33.38%)
range of phosphorous levels was 4.01-5.00 g/kg P2O5. Only three sausages (0.43%) did not
meet requirement of Rules on the quality of ground meat, semi-products of meat and meat
products (allows total phosphorus content as P2O5 up to 8.00 g/kg). The rest of the analyzed
sausages (99.57%) were safe for consumption, with respect to content of phosphorus.
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Table 3. The values of absorbance, concentration, phosphorus content, expressed as % P 2O5 or
g/100 g of product and total phosphorus content expressed as P2O5 (g/kg) in various meat products

Name/type of product

Absorbance
(А)

Concentration
(µg/mL)

Total
phosphorus
content,
%
P2O5,
or
(g/100g)

1. Kranjska sausage

0.9448

53.51

0.5351

5.35

2. Hot dog

0.8904

50.31

0.5031

5.03

3. Šunkarica

0.9640

54.65

0.5465

5.46

4. Fresh sausages for
roasting

0.6464

35.96

0.3596

3.59

5. Beef stew

0.5541

30.53

0.3053

3.05

6. Liver pate

0.5271

28.95

0.2895

2.89

7. Luncheon meat

0.9518

53.93

0.5393

5.39

8. Smoked Hamburg
bacon

0.8110

45.65

0.4565

4.56

9. Pariser sausage

0.7960

44.76

0.4476

4.47

10. Kebab meat for grill

0.6356

35.33

0.3533

3.53

Total
phosphorus
content, P2O5,
(g/kg)

CONCLUSIONS
All of ten analyzed various meat products (100.00%) met the requirement of the Serbian
National Regulation for phosphorous level (maximum 8.00 g/kg of total phosphorus,
expressed as P2O5). Of the total surveyed 10 samples of different meat products,
phosphorus content was determined at intervals of 2-3 g/kg (10 percent of the samples), 3-4
g/kg (30 percent of the samples), 4-5 g/kg (20 percent of the samples) and 5-6 g/kg (40
percent of the samples). Therefore, if we look at the results of investigation of phosphorus
content in the various types of ten meat products selected randomly from the Serbian market
(Serbian or in foreign producers), we can conclude that they are safe for consumption. The
obligation of the manufacturer (the food business operators) is that the decision about adding
phosphate and other additives should be technologically justified and added quantities in
accordance with legislation, consumers would not be misled regarding the true nature of the
ingredients and nutritional value of food.
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ABSTRACT
Most of the pathogens involved in food-borne diseases are able to adhere, survive, grow and form
bioﬁlms on different surfaces in food processing environments. In the food processing environment,
the presence of biofilms can lead to serious hygienic problems, with consequences to public health.
Furthermore, it raises cause of cross and post-process contamination and economic losses by
reducing shelf life of the food products, increasing the food spoilage, impairing the heat transfer
processes and increasing the rate of corrosion.
Therefore, this study was conducted in order to demonstrate the biofilm forming ability of the most
frequently isolated food related pathogens: Salmonella enterica, serovar Enteritidis (n=2), serovar
Typhimurium (n=2), Escherichia coli (n=4) and Listeria monocytogenes (n=4).
Assaying of biofilm forming ability was performed by Crystal violet assay on microtiter plates at 25°C
and 37°C. Additionally, biofilm forming ability of selected strains was visually confirmed using scanning
electron microscopy.
Obtained results showed that all tested strains had the ability to form biofilm at both assayed
temperatures but in different intensities. On the basis of the obtained values of absorbance (OD620) at
25°C, assayed strains were classified into two categories - strong and moderate biofilm producers. At
this temperature three strains were classified as strong, while most of assayed strains (9) were
classified as moderate biofilm producers. At incubation temperature of 37°C none of the tested strains
was assessed as strong biofilm producer. Also, at this temperature most of assayed strains (9) were
classified as moderate biofilm producers. In two strains obtained OD 620 was <2ODc, which classified
them as weak biofilm producers, while only one of examined strains did not produce any biofilm.
Therefore obtained results suggest that foodborne pathogens had strain specific patterns of biofilm
formation.
Keywords: biofilm, Salmonella spp., Escherichia spp., Listeria spp.

INTRODUCTION
Biofilm forming ability of food borne related pathogens, especially in food processing
industry, are getting higher attention in recent years since these organisms can readily form
biofilms on the different surfaces. Basically, a biofilm can be defined as a community of
microorganisms that are irreversibly attached to a surface or interface, embedded in a selfproduced extracellular matrix (ECM) (Donlan and Costerton, 2002; Flemming et al., 2016).
The formation of multicellular communities, known as biofilms, is a strategy generally
associated with the persistence and survival in different environmental conditions (HallStoodley et al., 2004; de la Fuente-Núñez et al., 2013). Number of previous studies
undoubtedly confirmed that biofilms represent the dominant lifestyle of bacteria in all
environments (Stoodley et al., 2002; Flemming et al., 2016).
Biofilms formed by bacteria on different surfaces in food processing environments make a
long-term source of contamination of foodstuffs, not only with bacteria causing their spoiling
but also with food-borne species such as Salmonella spp., Campylobacter spp., Escherichia
358

III International Congress “Food Technology, Quality and Safety”

coli and Listeria monocytogenes (Cabarkapa et al., 2013; Giaouris et al., 2014). Considering
that bacteria in biofilms can survive for months and even years, the equipment in food
industry may represent the potential source of final product contamination. Once formed
biofilms in food processing environments are difficult to remove and lead to the occurrence of
more persistent population. The existence of strains with the ability of biofilm production is
the most common cause of cross and post-process contamination (Chmielewski and Frank,
2003). Since they can render their inhabitants more resistant to disinfectant, bioﬁlms have
become problematic in a wide range of food industries, including brewing (Flemming and
Ridgway, 2009), seafood processing (Mizan et al., 2015), dairy processing (Chmielewski and
Frank, 2003), poultry processing (Harvey et al., 2007) and meat processing (Giaouris et al.,
2014; Wang et al., 2015; Wang et al., 2016). In food processing environments, food
contamination with biofilm producing strains may occur at all stages of food production chain
(“farm to fork”) and may be caused by environmental contamination, including the pollution of
water, soil, air and the human factor (Srey et al., 2013). The receipt of raw materials, floors,
walls, drains, pipes, ventilation systems, conveyor belts, tables, outer and inner surfaces of
processing equipment, especially in the dead corners, holes, connectors, cracks and areas
prone to condensation are usually identified as potential sites of biofilms development.
However, it should also be noted that existence of biofilms in food processing environments,
despite the fact that may constitute a danger to public health, may also cause great
economic losses due to food spoilage. Therefore, the objective of this research was to
demonstrate the biofilm forming ability of the most frequently isolated food related
pathogens: Salmonella enterica, Escherichia coli and Listeria monocytogenes.

MATERIAL AND METHODS
Microorganisms and preparation of bacterial suspension
Assays were performed with 12 strains belonging to the genera of Salmonella (4),
Escherichia (4) and Listeria spp. (4). The origins of the strains are shown in Table 1.
Table 1. The names and origins of the strains used in the study
Strain name (sign)
Origin of strain
Salmonella Enteritidis (ATCC 13076)
ATCC 13076
1.
Salmonella Enteritidis (FINS-SE-01)
chiken meat
2.
Salmonella Typhimurium (ATCC 14028)
ATCC 14028
3.
Salmonella Typhimurium (FINS-ST-01)
pork meat
4.
Escherichia coli (ATCC 10536)
ATCC 10536
5.
Escherichia coli (ATCC 8739)
ATCC 8739
6.
Escherichia coli (FINS-EC-01)
pork meat
7.
Escherichia coli (FINS-EC-02)
pork meat
8.
Listeria monocytogenes (ATCC 19115)
ATCC
9.
Listeria monocytogenes (FINS-LM-011)
fish meat
10.
Listeria monocytogenes (FINS-LM-012)
fish meat
11.
Listeria monocytogenes (FINS-LM-013)
fish meat
12.
ATCC – American Type Culture Collection

All strains were cultured on Tryptone Soya agar (TSA, LabM) and incubated at 37°C for 24 h.
Three to four isolated colonies grown on TSA were inoculated in 5 mL of Tryptone Soya
broth (TSB, Oxoid) and incubated at 37°C for 18 h. After incubation, suspensions were
homogenized and diluted to 1:40 in a fresh TSB. The density of the suspensions used for
biofilm formation was adjusted to 0.5 McFarland standard turbidity (~1-2 x 108 CFU/mL)
using densitometer DEN-1 (Biosan, Riga, Latvia) and standard plate count method using a
series of ten-fold dilutions.
Biofilm production assays
The biofilm formation assay applied in the present study was based on previously described
procedures, with some modifications (Lianou and Koutsoumanis, 2012). More specifically,
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four wells of the sterile flat-bottomed 96-well polystyrene microtiter plates (Greiner Bio-One)
were filled with 200 µL of bacterial suspension (with the characteristics described in section preparation of bacterial suspension) of each assayed strain. Negative control wells contained
only 200 µL of TSB per well. The plates were sealed and incubated statically for 48 h at 25
°C and 37 °C. After the incubation the content of the plates were discarded and, in order to
remove non-adherent or reversibly attached bacterial cells, the wells were washed three
times with 250 μL of sterile water. The remaining attached bacteria were fixed by drying in
invert position at room temperature for 15 min. Subsequently, each well of the plate is
stained with 250 μL of 0.5% crystal violet for 20 minutes. Excess stains were rinsed off by
filling the plates' wells with sterile distilled water and emptying them by inversion of the
plates. After vigorous tapping on absorbent paper, microtiter plates were air dried for 1 h.
The crystal violet bound to the formed biofilm mass was solubilized in 250 μL of decolorizing
solution (33% acetic acid) for 15 min by adding it to each well. The optical density of wells
was measured at 620 nm (OD620 nm) using an automated microtiter rider (Thermo
Scientific™ microplate reader). According to these values, isolates were classified into 4
categories according to Stepanović et al. (2003).
Biofilm visualization
For biofilm visualization sterile glass coupons (1 x 1 x 0.2 cm) were used. The coupons were
previously washed in detergent solution and rinsed with sterile distilled water. Afterwards,
they were sterilized in the autoclave (Tutnauer, ELV 3870) for 15 min at the temperature of
121 °C.
Each coupon was appointed separately into the recesses of the sterile polystyrene 12-well
plate (Greiner Bio-One). Suspension of each tested bacterial isolate was inoculated in an
amount of 100 mL to the surface of each coupon. The adhesion of bacteria was provided
during the 3 h of incubation at 25 °C. Afterwards, suspension was removed by aspiration.
Coupons were washed with sterile physiological saline solution, and subsequently
submerged in 2 mL of TSB. Coupons were incubated for 48 h at 25 °C. After incubation, the
coupons were removed from the well and washed by mild pipetting using 3 mL of sterile PBS
in order to remove the medium and non-adhered cells. Thereafter, coupons were fixed
overnight in the refrigerator in 4% glutaraldehyde, double-washed in sterile distilled water,
and dehydrated in serial diluted ethanol solutions (30, 50, 60, 70, 90%) for 5 min, followed by
two successive 10-minutes dehydration in pure ethanol (95-96 vol %). Air-dried preparations
were immediately sputter-coated with gold (Sputter Coater SCD 005, BALTEC SCAN, WD =
50 mm, 90 s, 30 mA) and examined using scanning electron microscope (JMS SEM 6460
LV).
Statistical analyses
Statistical analysis was performed by Statistica 12 (StatSoft Inc., Tulsa, Oklahoma) software.
Considering the size of the sample (n<30), the data from the Crystal violet assay was
compared using the nonparametric Mann-Whitney test. Comparison of obtained results was
investigated by Kruskal-Wallis test that was followed by multiple comparison of mean rank
test. Results were considered to be statistically significant at p<0.05.

RESULTS AND DISCUSSION
Results of the biofilm forming ability of the most frequently isolated food related pathogens:
S. enterica, serovar Enteritidis (n=2), serovar Typhimurium (n=2), E. coli (n=4) and L.
monocytogenes (n=4) are presented in the Figure 1.
All tested strains had the ability to form biofilm at both assayed temperatures but with
different capability. On the basis of the obtained values of absorbance (OD620) at 25 °C,
assayed strains were classified into two categories - strong and moderate biofilm producers.
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At this temperature three strains showed strong biofilm production with OD620 that ranged
from 0.524 (FINS-EC-01) to 0.638 (ST ATCC 14028). Most of assayed strains (9) were
characterized as moderate biofilm producers with OD620 value that ranged from 0.200 (FINSEC-02) to 0.452 (FINS-LM - 011).
At incubation temperature of 37 °C none of the tested strains was assessed as strong biofilm
producer. Also, at this temperature most of assayed strains (9) were characterized as
moderate biofilm producers with OD620 value that ranged from 0.253 (SE ATCC 13076) to
0.491 (FINS-EC-01). In two strains of E. coli (EC ATCC 8739 and FINS-EC-02) obtained
OD620 values were <2ODc, which classified them as weak biofilm producers, while only one
of examined strains did not produce any biofilm at this temperature (FINS-ST-01).

0,7
0,6

OD620

0,5
0,4
0,3

37°C
25°C

0,2
0,1
0

Figure 1. Biofilm formation of Salmonella enterica, serovar Enteritidis (n=2), serovar Typhimurium
(n=2), Escherichia coli (n=4) and Listeria monocytogenes (n=4)

Figure 2. Adherence ability of Salmonella Enteritidis (A), E. coli (B) and L. monocytogenes (C) on
glass surfaces, scanning electron microscopy (SEM)

Results obtained in this study revealed remarkable variation among investigated strains
within tested species in terms capability to form biofilms in vitro. Intra-species variation in
biofilm forming ability were particularly noticeable for strains belonging to the genus
Salmonella and Escherichia (p>0.05). Presence of intra-species variation in biofilm forming
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ability by Salmonella, Escerichia and Listeria were also reported in previous studies (Milanov
et al., 2009a; Milanov et al., 2009b; Čabarkapa et al., 2015; Milanov et al., 2015; Tomičić et
al., 2016). This findings are in agreement with plenty of studies wherein research data
indicated that biofilm formation by S. enterica (Stepanović et al., 2003; Stepanović et al.,
2004; Oliveira et al., 2006; Oliveira et al., 2007; Agarwal et al., 2011; Díez-García et al.,
2012), E. coli (Reisner et al., 2006), as well as L. monocytogenes (Oliveira et al., 2010;
Nilsson et al., 2011) and other foodborne pathogens is strongly strain-dependent.
Presented micrographs (Figure 2) represent structures of 48 h old biofilms by selected
strains S. Enteritidis, E. coli and L. monocytogenes on glass surfaces. From the micrographs
it can be noticed that 48 h old biofilm formation selected strain of Salmonella and Listeria
were characterized with intensive cell aggregation followed by a formation network of
microcolonies (Figure 2A and 2C). On micrographs we also noted the presence of free-ofcells areas within some of the three-dimensional structures that may correspond to the
extracellular matrix (ECM).
On the presented micrograph ECM having three-dimensional appearance which elevated
spreading across the surface of the glass. Obtained finding for selected Salmonella strains is
in accordance with results of Wang et al. (2013), who revealed similar observation analyzing
biofilm-forming ability of a cocktail of six-strain Salmonella (S. Typhimurium, S. Agona, S.
Heidelberg, S. Derby, S. Indiana and S. Infantis), in TSB, on the surface of stainless steel. In
research Milanov et al. (2009b) from a total of 14 tested strains of L. monocytogenes seven
strains did not form the biofilm on stainless steel after 7 days of incubation at 25 °C, but
adhered to the surface as single cells distributed over the stainless steel surface. In
mentioned research only one strain originating from foodstuff exhibited the ability of forming
microcolonies and larger cells aggregates. Structures of 48 h old biofilms by E. coli showed
presence uniform monolayers which are spreading across the surface of the glass
accompanied by slight cell aggregation (Figure 2B). Conversely, Bridier et al. (2010) was
showed that tested S. enterica strains formed only a few, small scattered cell clusters, while
L. monocytogenes and E. coli strains produced rough bioﬁlms containing several small
aggregates and with variable thickness. Fact that the process of biofilm formation depends
on an interaction between three main components: the bacterial cells, the attachment surface
and the surrounding medium and that this dynamic and a complex process is modulated by
many different factors, including strain specify, nutrient levels, concentration of salts, pH,
temperature....etc. justifies obtained results.

CONCLUSIONS
Results of this study revealed that tested strains of Salmonella, Listeria and Escherichia
possess ability to form biofilm, particularly at ambient temperatures, which are common in
food processing facilities. Knowledge obtained in this area will be an important step towards
prevention of biofilm formation and elimination of persistent strains in the food processing
environments. Future investigation should be based on establishing connection between
biofilm forming ability and persistence and cross contamination under real industrial
conditions.
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ABSTRACT
In 2012, for the first time in Serbia, significant problems arose with colonization and contamination of
corn with fungi from genus Aspergillus. High infection additionaly attracted public attention, because
Aspergillus spp. can produce certain mycotoxins harmful to humans and animals. Aflatoxins are the
best known mycotoxins in the world, with proven toxic, mutagenic, teratogenic and carcinogenic
effects on human and livestock health. The aim of this study was to identify Aspergillus species on
Serbian corn seeds during 2012 and to screen the distribution of the most predominant Aspergillus
spp. in Vojvodina region (north Serbia). The fungi were isolated from corn seeds collected from 12
different locations on the territory of Vojvodina. For determination of fungi, morphological and
molecular methods were used. Morphological characteristic of isolates were observed on MEA
medium. For the PCR reaction, primer pair AflaFor and Bt2b was used in order to amplify β-tubulin
gene. In addition to Aspergillus spp., fungi from genera: Fusarium, Penicillium and Rhizopus occurred
on the corn seed samples also. According to the morphological features three species of genus
Aspergillus were identified: A. flavus, A. niger and A. terreus. A. flavus was the most predominant
species occuring in the range of 11-100%, followed by A. terreus (0-78%) and A. niger (0-21%). PCR
amplification of β-tubulin confirmed morphological examinations showing that all isolates with green
colonies belonged to the species A. flavus. This study could be of a great interest for establishing
monitoring programs of Aspergillus spp. and their potential to produce aflatoxins in Serbia.
Key words: Aspergillus, corn, Serbia, PCR, β-tubulin

INTRODUCTION
Species from genus Aspergillus are widely distributed in the world, in the soil and in various
agricultural crops, especially corn, cotton, peanuts and walnuts (Weidenbörner, 2008). High
frequency and intensity of attacks of Aspergillus flavus on corn seeds has been occurred in
Serbia in 2012. It caused seriuos problems in agriculture and in the food and feed sector. It
has been considered that such high infection was the result of extremely stressful agrometeorological conditions, high temperatures and drought (Lević et al., 2013). Beside yield
losses, Aspergillus spp. are also important from the aspect of food safety, since they have
high mycotoxigenic potential. The most important mycotoxins produced by Aspergillus spp.
are: aflatoxins, ochratoxins, fumonisins and patulin (Kocsube et al., 2013). Of relevance,
aflatoxins are mostly produced by A. flavus and A. parasiticus, ochratoxins by A. alliaceus, A.
ochraceus, A. niger and A. carbonarius, fumonisins by A. niger and A. awamori, and patulin
by A. clavatus and A. terreus (Klich, 2002). Recent studies have demonstrated that
aflatoxins (AFs) represent the best known mycotoxins in the world, with proven toxic,
mutagenic, teratogenic and carcinogenic effects on humans and animals (Theumer and
Rubenstein, 2011). Also, the International Agency for Research on Cancer classified AFs as
primary carcinogenic compounds (IARC, 2012).
As with fungi in general, Aspergillus taxonomy is complex and ever evolving. The genus is
easily identified by its characteristic conidiophores, but species identification and
differentiation is complex (Rodrigues at al., 2007). Species concepts in Aspergillus section
Flavi are primarily based on morphology, but the high degree of similarity sometimes makes
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identification difficult (Wang et al., 2001). The species belonging to this section are very
closely related and some molecular tools cannot separate the different species, especilally A.
parasiticus and A. sojae, or A. flavus and A. oryzae. Several researchers have used the PCR
method for identification of Aspergillus species (Saphira et al., 1996; Somashekar et al.,
2004; Abdin et al., 2010., Wang et al., 2001) determinated isolates from the genus
Aspergillus by using mitochondrial cytochrome b gene as a target gene. Manomani et al.
(2005) used a specific primer pair for the aflatoxin regulatory gene (aflR) that assesses the
presence of aflatoxigenic fungi in food. On the calmodulin gene basis, Susca et al. (2007)
identified A. niger. Geiser et al. (2007) cite that β-tubulin or calmodulin are the most
promising loci for Aspergillus identification.
The aim of this study was to identify Aspergillus species which frequently occured on Serbian
corn seeds in 2012 and had significant economic impact on Serbian food and feed industry.
Additionally, distribution of the most important Aspergillus spp. in Vojvodina region (north
Serbia) is presented.

MATERIALS AND METHODS
Sampling
Corn seeds of different hybrids were collected from 12 locations in the Vojvodina region
(north Serbia) during 2012 (Table 1).
Table 1. Samples data
Code of the sample

Locality

T1

Pivnice

T2

Bački Brestovac

T3

Stapar

T4

Bački Brestovac

T5

Stari Lec

T6

Novi Karlovci

T7

Maradik

T8

Laćarak

T9

Voganj

T10

Irig

T11

Rivica

T12

Mali Radinci

T13

Stari Lec

T14

Irig

T15

Ruma

From each sample 100 seeds were surface sterilized in 0.4% sodium hypochlorite solution
(NaOCl), followed by rinsing in sterile water for 1 minute, and then dried on sterile filter
paper. Disinfected corn seeds were placed on Dichloran Rose Bengal agar in Petri plates in
four repetitions (25 seeds per plate). Incubation was preformed at 25°C for 6 days.
Morphological characteristics
Aspergillus single-spore colonies were isolated from diseased seeds on malt-extract agar
(MEA) and incubated at 25°C for 7 days. The collection of 101 isolates was formed.
366

III International Congress “Food Technology, Quality and Safety”

Determination of Aspergillus spp. was preformed observing macro- and micro-morphological
characteristics according to the key of species of Klich (2002).
DNA extraction
For DNA extraction the isolates were subcultured in YPD broth for 2 days of incubation at
25°C. After centrifugation at 13000 rpm for 10 minutes the broth was removed by pipetting.
300 μl of N-Lauroylsarcosine sodium salt was added to the mycelia. Sand was added to the
mycelium and then homogenized using a micropistille. The samples were incubated at 70°C
for 20 minutes, and then placed in refrigerator for 5 minutes. In each sample 150 μl of
ammonium acetate was added to the extract in order to precipitate proteins and cell debris,
and then centrifuged at 13000 rpm for 10 minutes. The supernatant was removed and to the
350 μl of extract 500 μl of isopropanol was added, and the mixture was again centrifuged at
13000 rpm for 10 minutes. In order to remove precipitated salts 500 μl of 70% ethanol was
added. After centrifugation at 13000 rpm for 5 minutes the ethanol was removed and the
remaining ethanol was evaporated using a vacuum concentrator (SpeedVac). The pellets
were resuspended in 30 μl of bidistilled water.
PCR amplification
The
target
gene
was
β-tubulin.
The
specific
primer
AflaFor
(5'GTGTCCTGTTATATCTGCCACAT -3') which produce fragment only in the presence of A.
flavus DNA was used. This primer was used together with Bt2b primer (5'ACCCTCAGTGTAGTGACCCTTGGC -3').
The composition of the reaction mixture was as follows: 2 µl 10X buffer (DreamTaq), 4 µl
dNTP mix, 4 µl of each primer, 5 µl bidistilled water, 0,2 µl Taq polimerase (DreamTaq), 1 µl
DNA. PCR was carried out with a thermocycler programmed for the following cycling
protocol: 3 min at 94 °C; 35 cycles of 30 s at 94 °C, 30s at 64 °C and 20s at 72 °C; and final
extension 2 min at 72 °C.
PCR products were observed with UV light following electrophoresis in 1% Tris-borate-EDTA
agarose minigels prepared with 0.5 µg of ethidium bromide per m (EtBr).
Statistical analysis of data
Data of the presence of pathogenic fungi in corn seed samples were statistically analyzed
using STATISTICAS 10 Software (StatSoft Inc., Tulsa, OK, USA). The significance of
difference between the mean values was estimated by ANOVA method, and these were
compared by the Fisher's LSD test for significance level of 5%.

RESULTS AND DISCUSSION
Mycological analysis of corn seeds showed strong infection by Aspergillus spp. on all
collected samples (63.73%). Since agormeteorological conditions in 2012, with extremely dry
weather favour development of Aspergillus species, the results were as expected. Moreover,
fungi from genera Fusarium, Penicillium and Rhizopus frequently occurred as well. The
highest infection by Aspergillus spp. was detected on samples T6 (100%), T9 (100%) and
T10 (97%), while the lowest infected sample was T2 (20%).
Morphological characteristics
Based on morphological features (color and structure of mycelium, conidia and
conidiophores, presence and appearance of exudate and sclerotia) three species from the
genus Aspergillus were identified: A.flavus, A. niger and A. terreus.
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Within isolates of A. flavus differences were observed. Most isolates formed yellow-green
colonies; some had white cottony mycelium with green spores at the tips, while others
formed dark green colonies with mycelium in the form of concentric circles (Figure 1). Some
isolates formed sclerotia, brown to black in color. In several isolates clear exudate was
noted. On the MEA medium isolates of A. flavus had yellow-green conidia, round to ellipsoid
with smooth to slightly rough walls. The isolates of A. flavus formed metula and phialides.
The vesicles had a spherical or oblong shape.

Figure 1. (a, b, c) Different types of A.flavus colonies (orig.)

Isolates of A. niger formed colonies in the form of concentric circles. Conidia were black,
round with very rough walls. Within isolates of A.niger two types were distinguished. The first
formed large black spores, while the second type formed smaller black spores in the form of
concentric rings (Figure 2). The vesicles had a spherical shape. The isolates of A. niger
formed metula and phialides.

Figure 2. (a, b) Different types of colonies of A. niger (orig.)

The colonies of A.terreus isolates gradually changed the color from pale yellow to brown.
(Figure 3). All isolates of A. terreus formed yellowish exudate. Color of conidia varied from
yellow, orange to brown in colour and round to ellipsoid in shape with smooth walls. The
vesicles had spherical or pear-shaped form. The isolates of A. terreus formed metula and
phialides.

Figure 3. A. terreus colony (orig.)

All morphological features were in accordance with the species described by Klich (2002).
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Molecular characteristics
PCR amplification of targeted gene confirmed the results of species detection obtained by
examing morphological characteristics of isolates. According to the results of electrophoresis
it was determined that all isolates with green mycelium belong to the species A. flavus
(Figure 4).

Figure 4. Gel electrophoresis of PCR amplification products of β-tubulin. Lanes M: Plus DNA marker
(100bp); Lanes T11/II-3, T10/III-13, T5/I-11, T6/I-20, T4/I-16: A. flavus; Lane T9/II-4: A. terreus; Lane
T2/IV-17: A. niger

Distribution of Aspergillus spp. in Vojvodina region (Serbia) in 2012
A. flavus was the dominant species occuring in the range of 11-100%, followed by A. terreus
(0-78%) and A. niger (0-21%) as it is shown in Table 2. A. flavus was the most frequently
found in all samples except in the sample T8, where the dominant species was A. terreus
(78%).
Table 2. Representation of Aspergillus species in tested samples of corn seeds
1.1.1. Sample

1.1.2. Locality

1.1.6. T1
1.1.11. T2

1.1.7. Pivnice
1.1.12. Bački
Brestovac
1.1.17. Stapar
1.1.22. Bački
Brestovac
1.1.27. Stari Lec
1.1.32. Novi
Karlovci
1.1.37. Maradik
1.1.42. Laćarak
1.1.47. Voganj
1.1.52. Irig
1.1.57. Rivica
1.1.62. Mali
Radinci
1.1.67. Stari Lec
1.1.72. Irig
1.1.77. Ruma

1.1.16. T3
1.1.21. T4
1.1.26. T5
1.1.31. T6
1.1.36. T7
1.1.41. T8
1.1.46. T9
1.1.51. T10
1.1.56. T11
1.1.61. T12
1.1.66. T13
1.1.71. T14
1.1.76. T15

A. flavus
1.1.3. (%)
1.1.8. 61 e
1.1.13. 14 ab

A. niger
1.1.4. (%)
1.1.9. 2 ab
1.1.14. 1 a

A. terreus
1.1.5. (%)
1.1.10. 14 de
1.1.15. 6 abc

1.1.18. 20 bc
1.1.23. 23 c

1.1.19. 0 a
1.1.24. 0 a

1.1.20. 4 abc
1.1.25. 9 cd

1.1.28. 58 e
1.1.33. 100 h

1.1.29. 6 b
1.1.34. 0 a

1.1.30. 1 ab
1.1.35. 0 a

1.1.38. 80 f
1.1.43. 11 a
1.1.48. 98 h
1.1.53. 97 h
1.1.58. 92 gh
1.1.63. 19 abc

1.1.39. 1 a
1.1.44. 2 ab
1.1.49. 0 a
1.1.54. 0 a
1.1.59. 11 c
1.1.64. 13 c

1.1.40. 7 bc
1.1.45. 78 f
1.1.50. 17 e
1.1.55. 3 abc
1.1.60. 0 a
1.1.65. 0 a

1.1.68. 85 fg
1.1.73. 22 bc
1.1.78. 38 d

1.1.69. 1 a
1.1.74. 12 c
1.1.79. 21 d

1.1.70. 4 abc
1.1.75. 0 a
1.1.80. 0 a

Predominance of A. flavus as an aflatoxigenic species in cultivated corn fields also has been
reported in most other important corn-producing regions worldwide (Horn, 2007; Donner,
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2005; Giorni et al., 2007). Considering that species from the genus Aspergillus, section
Flavi, are very morphologically similar, Giorni et al. (2007) reported that molecular
characterization also facilated proper identification of A. flavus which had been previously
described as A. parasiticus on the basis of morphological parameters. Gallo et al. (2012)
determinated 67 Aspergillus isolates, obtained from corn in Northern Italy. All isolates were
identified as A. flavus by sequencing of β-tubulin and calmodulin gene fragments. They have
used the primer pairs Bt2a/Bt2b and CL1/CL2A for amplification of β-tubulin and calmodulin
gene fragments.
According to Lević et al. (2013) the uncommonly high frequency of A.flavus infestation of
corn seeds during 2012 was caused by extremely stressful agrometeorological conditions,
high temperatures and drought over the period from flowering to waxy maturnity of corn.
European corn borer (ECB) was a second factor causing intensive occurance of A. flavus on
corn seeds in 2012. In contrast to A. flavus, A. niger’s had an increasing trend from 2008 to
2011, while in 2012 a significantly lower occurence of this species was noted (Lević et al.,
2013). Our results are in accordance with the results of Moretti et al. (2004) who reported
high frequency of A.flavus and mycotoxin contamination on corn seeds in the North Italy in
the year with extremly high temperature and drough periods from May to September 2003.
Although aflatoxins have been rare in Central European foods and feeds, global warming
could alter the climatic conditions considerably. Recently, several papers have assessed the
effects of climate change on food safety, including the occurrence of mycotoxin producing
fungi and mycotoxins in foods (Paterson and Lima, 2010). All these studies emphasize that
aflatoxin producing fungi and consequently aflatoxins are expected to become more
prevalent with climate change.

CONCLUSIONS
1. From the naturally infested corn seeds in 2012 species from the genera Aspergillus,
Fusarium, Penicillium and Rhizopus were isolated. The highest frequency of infection was
caused by Aspergillus spp. (63.73%) with geographical variations.
2. On the basis of morphological characteristics of the isolates, three species from the genus
Aspergillus were identified: A. flavus, A. niger and A. terreus.
3. PCR amplification of β-tubulin confirmed morphological examinations showing that all
isolates with green mycelium belonged to the species A. flavus.
4. A.flavus was the dominant species in all samples followed by A.terreus and A.niger with
exeption of the sample T8 (location Laćarak), where the dominant species was A. terreus.
5. Due to the significant health risks associated with the presence of AFs in food and feed, it
is important to establish a continuous monitoring programs and of Aspergillus spp. control in
corn in order to prevent the unacceptable risk of Afs contamination for the population.
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The presence of mycotoxins as well as Alternaria toxins in cereals are recognised as worldwide
concern since cereals represent one of the main foodstuffs in the human diet. In this context, the aim
of this study was to examine the presence of regulated mycotoxins (aflatoxins (AFs), ohratoxin A
(OTA), zearalenone (ZEA), deoxynivalenol (DON) and sum of T2/HT2 toxins), and unregulated
mycotoxins such as Alternaria toxins (tenuazonic acid (TeA), alternariol (AOH) and alternariol
monomethyl ether (AME)), as well as their co-occurrence in wheat samples. A total of 36 wheat
samples (Triticum aestivum) from four different wheat-growing areas in the Autonomous Province of
Vojvodina, Serbia, were collected after harvest in the period from June to July during 2011–2013.
Content of regulated mycotoxins were determined by direct competitive Enzyme Linked
Immunosorbent Assay (ELISA) method, while presence of Alternaria toxins was analysed by HPLC
with electrospray ionisation triple quadrupole mass spectrometry (LC-ESI-MS/MS). The results
showed that among 36 analyzed wheat samples, only 8 (22.2%) samples were without mycotoxins.
Analysis showed that 63.9%, 13.9%, 13.9%, 11.1%, 11.1% and 2.8% of examined wheat samples
were contaminated with TeA, AOH, AME, ZEA, DON and OTA, with mean concentrations of 204.9,
29.4, 32.8, 42.6, 427 and 7.04 µg/kg, respectively. None of the wheat samples was contaminated with
AFs and T-2/HT-2 toxins. Co-occurrence of some examined mycotoxins were detected in ten (27.8%)
wheat samples with a following combination: four toxins were found in two samples; three toxins in
three samples; two toxins in five samples and 18 samples contained one of examined toxins.
Regardless of climatic conditions, TeA was always present in wheat from Vojvodina Province of Serbia
with different frequency and at different levels of concentration.
Keywords: wheat, mycotoxins, presence, co – occurrence, weather conditions

INTRODUCTION
Cereals, primarily wheat, represent a significant share of the human diet. From cultivation
and throughout their life cycle to processing cereals are exposed to numerous biotic and
abiotic stress factors. The main chemical contaminants in cereal crops are mycotoxins as
natural toxic secondary metabolites produced by microscopic filamentous fungi. The
toxinogenic fungi belong mainly to genera Aspergillus, Fusarium, Penicillium, Alternaria and
Calviceps, which grow on various agricultural commodities in the field, and/or during postharvest period. These toxigenic fungi produced the most common mycotoxins. The most
important mycotoxins in terms of toxicity and occurrence are aflatoxins (AFB1, AFB2, AG1,
AFG2), ochratoxin A (OTA), fumonisins (FB1, FB2, FB3), deoxynivalenol (DON) and other
trichothecenes, zearalenone (ZEA), patulin (PAT), ergot alkaloids (EAs), as well as Alternaria
toxins (AOH, AME and TeA) (Magan and Olsen, 2004). These mycotoxins can cause
adverse health effects of humans and animals, such as Reye’s disease, caused by aflatoxin
AFB1, equine leukoencephalomalacia and porcine pulmonary edema, caused by FB1,
human alimentary toxic aleukia, caused by T2 toxin, Balkan endemic nephropathy, caused
by OTA (Sorrenti et al., 2013) and human oesophageal cancer in China, caused by AOH and
AME (Liu et al., 1992). Furthermore, some of Alternaria toxins have been described to
possess genotoxic and mutagenic properties; they show cytotoxic, fetotoxic and/or
teratogenic activity; they are mutagenic, clastogenic and oestrogenic in microbial and
mammalian cell systems, and they inhibit the cell proliferation (EFSA, 2011).
Many countries, including Republic of Serbia, have obligatory control systems and maximum
residue levels (MRLs) of the most common mycotoxins set for different types of food and
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feed. According to Serbian (Serbian Regulation, 2011) and EU Regulations (European
Commission, 2006b), MRLs for investigated mycotoxins in unprocessed wheat are as
follows: 4 µg/kg for AFs, 5 µg/kg for OTA, 1250 µg/kg for DON, and 100 µg/kg for ZEA.
Recently, published EU Recommendation (European Commission, 2013) for the presence of
T-2 and HT-2 toxins in cereals and cereal products provided indicative level of 100 µg/kg for
the sum of these toxins. Until now there are no specific international regulations or any
national regulation in the world regarding Alternaria toxins. However, wheat is mainly used in
human consumption, thus the major share of produced wheat is subjected to milling process
that converts it to flour which is processed into various foods (breads, pastas, noodles, and
cakes) (Pacin et al., 2010). On the other hand, significant mycotoxin contamination of the
wheat, as well as the continuous consumption of wheat based food could represent a very
important threat to human health. In this context, the aim of this study was to examine the
presence of most common mycotoxins (AFs, OTA, ZEA, DON, sum of T2/HT2 toxins, TeA,
AOH and AME), as well as their co-occurrence in wheat samples.

MATERIAL AND METHODS
A total of 36 wheat samples (Triticum aestivum) from four different wheat-growing areas
(North Bačka, West Bačka, South Banat and Srem) from the Autonomous Province of
Vojvodina, Serbia, were collected after harvest in the period from June to July during 2011–
2013. The crops were managed according to standard agricultural procedures and good
professional practice. Sampling was performed according to European Union requirements
(European Commission 2006a). Wheat grain samples of approximately 10 kg were
homogenised and quartered to obtain 500 g of laboratory samples. Samples (500 g) were
ground to a 1 mm particle size using a laboratory mill (KnifetecTM 1095 mill, Foss, Hoganas,
Sweden). Before analysis samples were stored in refrigerator at −20°C. Determination of
AFs, OTA, ZEA, DON and sum of T-2/HT-2 was performed by Enzyme Linked
Immunosorbent Assay (ELISA) method using test kits produced by Neogen Corporation
(Neogen Veratox®, Lansing, USA). Distilled water (Millipore, Bed-Ford, MA, USA), methanol
and ethanol of analytical purity (Merck, Darmstad, Germany) were chemicals used for ELISA
analysis. Wheat samples were extracted, shacked, filtered and analyzed according to
manufacturer’s instructions. The results were read in a microwell reader (Thermolabsystem,
Thermo, Finland) to yield optical densities. Limit of quantification (LOQ) for AFs, OTA, ZEA
DON and sum of T-2/HT-2 toxins were 1, 2, 25, 250 and 25 µg/kg, respectively. Applied
ELISA methods were validated in accordance with European Official Decision procedure
(European Commission, 2002b) and obtained validation parameters were in compliance with
recommendations given in Regulation 2006/401/EC (European Commission, 2006a).
Furthermore, analytical quality of methods is assured by participation in numerous
interlaboratory studies.
Since, there is no available commercial ELISA method using test kits for the analysis of
Alternaria toxins content, TeA, AOH and AME were quantified by LC-ESI-MS/MS using
previously published method without any modifications (Janić Hajnal et al., 2015). Obtained
LODs and LOQs values for TeA, AOH and AME were 2.5 μg/kg and 7.5 μg/kg, 0.75 μg/kg
and 2.5 μg/kg and 0.1 μg/kg and 0.3 μg/kg, respectively. Method validation as well as
method validation data for analyzed Alternaria toxins is previously described in detail by
Janić Hajnal et al. (2015).

RESULTS AND DISCUSSION
The frequency of the presence of examined mycotoxins in 36 wheat samples is shown in
Figure 1. None of the examined wheat samples collected in period from 2011 to 2013 was
contaminated with AFs and T2/TH2 toxins, while 63.9%, 13.9%, 13.9%, 11.1%, 11.1% and
2.8% of examined wheat samples were contaminated with TeA, AOH, AME, ZEA, DON and
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OTA (Figure 1a). Furthermore, the maximum and mean toxin concentrations were 2676 and
204.9 μg/kg, 48.9 and 29.4 μg/kg, 62.3 and 32.8 μg/kg, 60.6 and 42.6 μg/kg, 574.7 and 427
μg/kg for TeA, AOH, AME, ZEA and DON, respectively. Only one sample was contaminated
with OTA in 2013 (Figure 1b) at the concentration higher than MRL (7.04 µg/kg). The results
showed that among the 36 analyzed wheat samples, 28 samples (77.8%) were contaminated
with at least one of the examined mycotoxins. All examined wheat samples in 2011 were
contaminated with ZEA and/or TeA, while 75% wheat samples from both 2012 and 2013
production years were contaminated with some of analyzed mycotoxins.
a) b)

Figure 1. Presence of mycotoxins in winter wheat samples a)in the investigated period (2011-2013) b)
throughout the years (2011, 2012, 2013)

Considering the presence of examined mycotoxins in the wheat samples throughout the
years (Figure 2b), ZEA was quantified in 33.3% (2011) of the samples in concentration range
from 24.2 to 60.6 µg/kg, while in 2012 and 2013 production years it was not detected. None
of the wheat samples from 2011 year was contaminated with DON, while it was detected in
8.3% and 25.0% samples which originated from 2012 and 2013 (259.1 – 574.7 µg/kg) years,
respectively. In wheat samples from 2011 year AOH and AME were not detected, while in
samples from 2012 both of them are present in 8.3% of samples. AOH and AME were found
at a highest frequency in wheat samples from 2013 (58.3% and 33.3%), with concentration
range from 0.32 to 48.9 µg/kg and from 0.49 to 62.2 µg/kg, respectively. Regarding to TeA, it
was detected in the following frequency of the analized wheat samples: 91.7% from 2011
(5.63 – 37.7 µg/kg), 50% from 2012 (8.45 – 87.5 µg/kg) and 50% from 2013 year (7.50 -2676
µg/kg). It can be noted that none of the concentrations for the regulated mycotoxins was
above MRL with exception of OTA in one wheat sample. The highest concentration of all
three Alternaria toxins was recorded in wheat samples from 2013 production year. From
unregulated mycotoxins in analyzed wheat samples, TeA was always present with different
frequency and at different levels of concentration.
The co-occurrence of some examined mycotoxins were detected in ten (27.8%) samples out
of 36 wheat samples in following combination: OTA, TeA, AOH and AME in one sample
(2.8%); DON, TeA, AOH and AME in one (2.8%) sample; TeA, AOH and AME in three
(8.3%) samples; DON and TeA in two (5.6%) samples and ZEA and TeA in three (8.3%)
samples (Figure 2a).
With regard to frequency of co-occurrence of mycotoxins throughout the years (Figure 2b), in
2011 only combination of ZEA and TeA was found in 25.0% of samples. Further, in 2012
production year combination of TeA, AOH and AME was present in 8.3% of wheat samples.
Production year 2013 was characterized with the highest co-occurrence (50.0%) of examined
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mycotoxins. However, combination of DON and TeA was found in 16.7% of samples as well
as combination of TeA, AOH and AME was present with a same frequency. Furthermore, cooccurrence of DON, TeA, AOH and AME as well as co-occurrence of OTA, TeA, AOH and
AME were found in 8.3% of samples.

Figure 2. Co - occurrence of mycotoxins in winter wheat samples a) in the investigated period (20112013) b) throughout the years (2011, 2012, 2013)

The findings obtained in this study indicate significant differences in the occurrence of
examined mycotoxins in wheat samples harvested during three different production years.
During the cultivation and especially the flowering period, Fusarium and Alternaria fungi may
infect the wheat leaves and ears. Optimal conditions for disease development by Fusarium
fungi are warm, wet and humid conditions for a period of 24–48 hours after spores land on
the ear (Sanchis and Magan, 2004). Futhermore, in the laboratory, Fusarium spp. generally
grow and produce mycotoxins at an optimum water activity around 0.98. This is equivalent to
wheat moisture content in excess of 25% at 25 °C. Given this requirement for high water
activities/grain moisture contents, most Fusarium spp. activity takes place only at certain
times during kernel development (Alldrick and Hajšelová, 2004). However, steady-state
incubation at 25 oC for two weeks resulted in the highest DON and ZEA production. On the
other hand, regarding to the genus Alternaria, environmental requirements for infection
depend on the Alternaria species and the host, but the combination of appropriate
temperature and a film of water produced by rain, dew condensation or overhead irrigation is
always necessary. The optimum temperature for mycelia growth ranges from 18 to 25 °C, but
spores are able to germinate and infect the host in a range of 4 – 35 °C. Under optimal
temperature conditions, at least 5–8 hours of wetness is required for infection (Rotem 1994;
Barkai-Golan 2008). The tolerance demonstrated by Alternaria genus (Rotem, 1994), which
is able to survive in the prolonged stressing condition of high and low temperatures and
dryness, increases concern about Alternaria spp.
Based on everything stated above, weather conditions parameters (air temperatures and
amount of precipitation) for period from flowering to wheat harvesting (May-July) in 2011,
2012 and 2013 year were examined in order to investigate their influence on mycotoxins
occurrence in wheat samples. Data on actual annual precipitation and temperature of each
year in comparison with the long-term annual data were used to characterize the differences
between the years of investigation (Figure 3). Data were interpolated from measurement
results obtained from four automatic hydrological stations (provided by the agricultural
advisory services) in the four wheat-growing areas in the Vojvodina, operated by the
Republic Hydrometeorological Service of Serbia. Based on Figure 3a, it can be stated that
mean air temperatures during May (wheat flowering) in all production years were close to the
mean value of long-term air temperature. June and July in 2011 and 2012 were
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characterized with higher mean air temperatures, while in 2013 year in June and July lower
mean air temperatures were recorded. During the period from June to July in 2013 mean air
temperature was lower in comparison to mean value in the long-term period. Regarding the
sum of precipitation (Figure 3b), period from May to July in 2011 production year was
characterised by significantly lower amount of precipitation in relation to the sum of
precipitation in long-term period. However, it is necessary to note that during the wheat
flowering (May) in 2012 and 2013 years sum of precipitation were greater in relation to the
long-term average for the same month.

a)b)
Figure 3. Mean of air temperature (a) and sum of precipitation (b) from May to July 2011–2013, in
comparison to the long-term annual values (1981–2010)

The climate conditions during wheat flowering in 2011 year were favorable for syntesis of
ZEA (33.3%) and TeA (91.7%) in some localities, although that during May in 2011
production year sum of precipitation was below of long-term mean values. It could be
explained by the fact that different species of the Fusarium genus are predominant in
different climatic zones. Species of the Fusarium genus which are capable for producing ZEA
may survive in the temperate and/or tropical zones (Alldrick and Hajšelová, 2004). On the
other hand, Alternaria spp. has been isolated worldwide in a wide range of environmental
conditions. Its flexibility to adapt on various climates is responsible for development of
Alternaria diseases, which may be manifested either at high or low temperatures, with
differences in moisture content and under the multiple combination of environmental factors
(Rotem, 1994). Even though the sum of precipitation during May 2012 was significantly
higher in comparison with the long-term mean values, DON was present only in one wheat
sample. The most common detected mycotoxin in wheat samples from 2012 was TeA.
Compared to wheat samples from 2011 year TeA was present in lower frequency (50%), but
in the wider concentration range (8.45 - 87.5 µg/kg). Regarding to dibenzopyrone derivatives
only one wheat sample was contaminated with AOH and AME. Climate conditions during
May in 2012 year were not favourable for growth of Fusarium spp. and toxicogenesis.
Furthermore, May in 2013 was characterized with highest sum of precipitation (418.4 mm) in
comparison with the long-term sum of precipitation (227.1 mm), while the mean air
temperature (17.3 °C) was same in comparison with the long-term mean value (17.3 °C).
Higher amount of precipitation during the May influence that 75% of wheat samples were
contaminated with some of mycotoxins (OTA, DON, TeA, AOH and AME). In addition, TeA,
AOH and AME were quantified with the highest values of 2676, 48.9 and 62.3 μg/kg,
respectively. Furthermore, in that year DON was present with highest frequency (25%) in
wheat samples compared to the other two years. Moreover, in that year the highest cooccurrence of examined mycotoxins was recorded (50%).
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The presented observations point out that regardless of climatic conditions, TeA was always
present in wheat from Vojvodina Province of Serbia with different frequency and at different
levels of concentration. Even though the fact that until 2010 wheat from Serbia was
frequently contaminated with Fusarium toxins (Jajić et.al., 2008, 2014; Jakšić et al., 2012;
Krnjaja et al., 2011; Škrbić et al., 2011; Stanković et al., 2012; Tančić et al., 2015), in the
investigated years, the frequency of naturally contaminated wheat samples with Fusarium
toxins was rather marginal.

CONCLUSIONS
According to presence of regulated mycotoxins (AFs, OTA, ZEA, DON and sum of T2/HT2
toxins) analyzed wheat samples from investigated period can be considered as relatively
safe raw material. Regardless of climatic conditions, TeA was the most common mycotoxin
in wheat from Vojvodina Province of Serbia with different frequency and at different levels of
concentration during investigated years. The main finding in this study indicates that wheat
should be regarded as a potential source of Alternaria toxins. This requires increased control
measures in agricultural production starting on the field, before entering the agricultural
products in the food chain.
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ABSTRACT
As abattoirs may have a very significant negative impact on the environment, the aim of this study was
to assess the implementation of their Good Environmental Practices related to the usage of energy,
usage of water, waste management and waste water management. Questionnaires were developed
and Good Environmental Practices were assessed through interviewing of the abattoirs management
responsible for environmental issues and through on-site checks in seven abattoirs on the territory of
Autonomous Province of Vojvodina. Good Environmental Practices in the usage of energy, usage of
water, waste management and waste water management were on average implemented in 81.4, 48.6,
94.3 and 74.3%, respectively, with significant differences between abattoirs. The study is useful as a
basis for discussion in order to improve environmental practices in abattoirs. Both meat industry and
public would benefit from implementation of Environmental Management System in meat industry
sector.
Keywords: abattoir, environment, energy, water, waste

INTRODUCTION
Meat industry is considered as an important pollutant of the environment. The conversion of
animal into meat in abattoirs inevitably leads to the production of significant quantities of
waste. This waste must be carefully managed and disposed of to avoid creating a nuisance
or pollution hazard, and to minimize disposal costs. With increasingly strict standards and
restrictions being imposed on how wastes can be disposed of, and on the levels of pollutants
considered acceptable in the receiving environment, meat industry face the challenge of
improving waste management practices in a cost-effective way (Oostorm, 2001).
However, the impact of abattoirs and meat industry as a whole on the environment is much
wider than just the issue of animal by-products and wastes. Other aspects of the
environmental impact include high usage of energy and water resources, release of
undesirable/harmful gases and oxygen usage during wastes breakdown (Arvanitoyannis and
Ladas, 2008).
The widespread acceptance of the eco-efficiency concept by the industrial sector shows the
increase of general awareness to reduce resource consumption and consequently improve
environmental performance (Schmidheiny, 1992; Magueijo et al., 2010). The main
environmental aspects associated with animal slaughtering and carcass dressing in abattoirs
include water and energy consumption, discharge of solid waste and waste water (IFC, 2007;
IPPC, 2006). In order to reduce the overall environment impact of the meat industry,
including abattoirs, the first step is to consider the current level of implementation of Good
Environmental Practices (GEP). Therefore, the objective of this study was to assess
practices related to the usage of energy, usage of water, waste management and waste
water management in abattoirs.
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MATERIAL AND METHODS
Table 1. Questionnaire on energy efficiency and water efficiency best practices
Question
number
1
2

Energy efficiency

Water efficiency

The building has solid walls or cavity
walls?
The roof is properly insulated?
All walls are insulated?

Abattoir uses chillers, cooling towers or air-cooled
equipment?
Abattoir reuses condensate?
Abattoir has installed timers to automatically shut
off water flow when water is not required, such as
at the end of a production cycle?
Abattoir has pressure-reducing devices installed
on equipment that does not require high
pressure?
Abattoir has process equipment reuse water
(closed loop) or use reclaimed water from other
parts of the facility?
Abattoir has systems in place to capture and
reuse rain water and storm water for landscaping
or for other uses (e.g., cooling tower make-up,
process water, or dust suppression)?
Abattoir has improved rinsing techniques used
(counter-current systems, sequential use from
high to lower quality needs, conductivity flow
controls, improved spray nozzles/pressure rinsing,
fog rinsing, etc.)?
Abattoir uses detergents that can easily be
removed with small quantities of water?
Spent rinse-water is being reclaimed and reused
for lower-grade processes or for other facility
applications?
Process cleaning or facility cleaning have been
replaced with waterless techniques (i.e., using
pressurized air to clean products or containers,
sweeping debris off the floor) where possible?

3

4

Doors/windows are kept closed during
heating and cooling season?

5

Thermostats for the heating working are
set to the right temperature?

6

All steam and hot water piping are
insulated?

All cooling devices are set for the right
temperature?
7

8
9

10

Ventilation equipment is switched off by
timers?
Space heating is controlled by a
sophisticated system programmed for
weekends and holidays?
There is a programmable lighting control
(photo- sensors, time switches, etc.) for
control of indoor and outdoor lighting?

Table 2. Questionnaire on waste management and waste water management best practices
Waste management
Waste water management
Question
number
1
2
3

4

5
6
7

8

9

10

Abattoir has a Waste Management plan?
Abattoir has a register of all types of waste?
Abattoir has contract with waste operators
for all types of waste?
Abattoir has a designated place for organic
waste (including organs, fat or lard, skin,
feet, abdominal and intestinal contents, bone
and blood)?
Organic waste is secured from unintended
use?
All types of waste have containers that are
closed?
Abattoir has a system to check potential
container holes, leaks or damages?
All liquid wastes in a container are inside an
impermeable bund (or other appropriate
secondary container)?
Abattoir has waste transfer notes every time
someone else takes waste away from your
site?
Different categories of animal by-products
are separated and clearly labelled to avoid
contamination?
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Abattoir has a sewage system in place?
Abattoir has a licence for release of waste
water?
Abattoir regularly analyses the effluent?
Abattoir has an agreement for disposal of
effluent?
Abattoir uses biological treatment (aeration
tanks / lagoons, or other treatment)?
Abattoir uses physical treatment (filtration,
sedimentation tanks, etc.)?
Abattoir uses chemical treatment (pH
adjustment, neutralization, disinfection,
etc.)?
There is no untreated waste water in the
plant (storm water, etc.)?
No incidents / emergencies
related to waste water release?

recorded

Abattoir has an emergency response plan
in case of waste water accident?
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The study included seven abattoirs (red or poultry meat, industrial or small-scale companies)
on the territory of the Autonomous Province of Vojvodina, Serbia. The abattoirs were visited
and environmental management officers were interviewed according to the questionnaires
presented in Table 1 and Table 2. Each GEP aspect consisted of ten questions and the
answers were "yes" or "no". Following the interviews, on-site checks of each answer were
performed in abattoirs. Results were expressed as averages with standard deviations of
positive answers for each group of questions.

RESULTS AND DISCUSSION
The levels of implementation of Good Environmental Practices in the abattoirs are shown in
Table 3. Evidently, the best implemented practices are related to waste management - the
fact that six out of ten issues were completely covered in each abattoir mainly contributed to
this finding. On the other hand, water efficiency practices were poorly implemented, i.e. in
less than one half of investigated abattoirs and mostly due to non-practising of water
recycling. In between, energy efficiency practices and waste water management practices
were implemented in roughly four-fifths and three-quarters, respectively.
Energy and water are consumed in all stages of slaughter and carcass dressing in abattoirs,
from the moment of live animals receiving in lairage, until the chilling of final carcasses. In
developed countries, both energy and water efficiency in abattoirs are at much higher level,
i.e. above 90%. In these countries, on average, 2.2 m3 and 2.5 m3 of potable water is
consumed to produce one tone of beef and pork meat, respectively, and up to 9 m 3 of water
is consumed for production of one tone of poultry meat. With respect to energy consumption,
180 kWh are used to produce one tone of beef, while 300 kWh and 350 kWh are spent for
one tone of pork and poultry meat, respectively (Buncic, 2006). Hence, it is a bit surprising
that good practices in the usage of energy and particularly on the usage of water are not
implemented at higher levels since the savings of these resources, besides reducing the
impact on the environment, would consequently increase the economic benefits for the
industry.
Production of large quantities of waste is unavoidable in meat industry. Solid waste includes
parts of animals such as inedible offal, detained meat, gut content, hair, feathers, etc. These
materials are treated, disposed of or processed and re-used in many different sectors,
including the cosmetic, pharmaceutical, as well as being used for feed and fertilizer industry
(Prieto and Garcia-Lopez, 2014). The largest part of water consumed in slaughter and
carcass dressing operations (e.g., cleaning and/or sterilization of working surfaces and
equipment, pig and poultry carcass washing or chilling of poultry carcasses) ends as waste
water. Waste water, treated or untreated, is usually disposed into municipal drainage
systems or used for irrigation. Solid waste and waste water from abattoirs potentially
contains numerous chemical contaminants as well as biological human and/or animal health
hazards (Buncic, 2006).
Table 3. Implementation of Good Environmental Practices in abattoirs
Question
Energy
Water
Waste
Number
efficiency (%)
efficiency (%)
management (%)
1
100
100
100
2
100
42.8
100
3
100
85.7
100
4
100
71.4
100
5
100
14.2
100
6
85.7
14.2
85.7
7
100
42.8
85.7
8
57.1
100
85.7
9
28.5
0
85.7
10
42.8
14.2
100
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Waste water
management (%)
100
85.7
85.7
57.1
57.1
85.7
57.1
100
28.5
85.7
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Mean ± SD

81.4 ± 27.8

48.6 ± 38.2

94.3 ± 7.4

74.3 ± 23.2

Therefore, implementation of proper waste management plays an important role not only for
the environmental, but for the public protection in general.
In Serbia, only abattoirs with a production capacity exceeding 50 tons of meat per day are
legally required to carry out an expert assessment of environmental impact (RS, 2010).
However, the majority of meat production is carried out in medium and small abattoirs that
are not obliged to properly assess environmental impacts and usually fail to follow proper
environmental practices. To accomplish this, plant management and staff must be motivated
with clear presentation of their potential benefits (Oostorm, 2001; Djekic et al., 2014). All
plant inputs (i.e. water and energy) should be measured, at multiple points of each operation,
to gain quantitative data on plant consumption. The outputs (i.e. waste) of each plant should
be determined in a similar manner and results of abattoirs’ input–output obtained need to be
communicated effectively by both the companies and regulators. These data would enable
effective analysis of technologies and techniques used, and subsequently the introduction of
cleaner technologies that use fewer resources.
Saving energy contributes to a more efficient production, increases competitiveness,
enhances innovative capacity and allows industries to respond to environmental
requirements imposed by law, market and society in general (EIA, 2013). Appropriate
environmental management should be one of the priorities of the meat industry - in addition
to meeting legal requirements, consumers better accept environmentally friendly processes
and products (Kimitaka, 2010; Gomez and Rodriguez, 2011).

CONCLUSIONS
In terms of the implementation of Good Environmental Practices in Serbian abattoirs, waste
management practices were assessed as being the most thoroughly implemented, while the
water efficiency practices were assessed as being the one which were mostly poorly
implemented. Therefore, it appears that more needs to be done by meat industry to
implement appropriate environmental protection measures. This way, the meat industry
would accomplish the legal norms, increase the reputation at consumers and provide
economic benefits with rational use of resources. The study is useful as a basis for
discussion in order to improve environmental practices in abattoirs although wider spectrum
of data is necessary to motivate meat industry and to foster appropriate environmental
control by the authorities.
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ABSTRACT
Attachment of harmful microorganisms to foods and food contact surfaces and the subsequent biofilm
formation represents serious challenges for food quality and safety. The first and reversible step in
formation of a biofilm – a three dimensional structure of bacteria and extracellular materials attached
to a surface – is the bacterial adhesion. The crucial moment in prevention of biofilm formation is the
first step followed by the second and irreversible step of bacterial adhesion. For food safety assurance
in the food chain, the use of anti-adhesion substances is still limited. However, many natural
compounds have been investigated including mushrooms extracts, which are known for diverse
biological activities, but anti-adhesion properties were less studied.
Anti-adhesion activity testing in sub-inhibitory concentrations in in vitro assay with Listeria innocua in
polystyrene microtiter plates was performed with 25 samples extracted from 13 mushrooms species.
All tested samples showed some anti-adhesion activity. In the case of hot water and hot alkali extracts
of Piptoporus betulinus, Fomitopsis pinicola and Schizophyllum commune all showed around 50% of
anti-adhesion activity. The observed effect correlated with the amount of total glucans and especially
with β-glucans; extracts with a higher content of β-glucans were more effective. S. commune hot water
extract showed the highest anti-adhesion activity (71.32 ± 4.23%) and the highest amount of βglucans (25.12 ± 2.00%). The amount of bioactive polysaccharides appears to be strongly correlated
with the anti-adhesion activity (R=0.9061), indicating that the type of extraction, as well as the
mushroom species, plays an important role in mushroom extracts anti-adhesion activity.
Further studies should be conducted to investigate the potential of mushrooms as a source of antiadhesive compounds and/or anti-adhesive strategies in food industry or as multifunctional ingredients
of different types of foods.
Keywords: anti-adhesion, mushroom extract, biofilm, food safety, functional food

INTRODUCTION
Attachment of harmful microorganisms to foods and food contact surfaces and the
subsequent biofilm formation represents serious challenges regarding food quality and
safety. Spoilage and pathogenic microorganisms can form a biofilm (Frank, 2001) – a three
dimensional structure of bacteria and extracellular materials attached to a surface. Bacteria
in biofilms are more resistant to antimicrobials and disinfectants (Sidhu et al., 2001) and as
such persist on surfaces in food industries where they can contaminate foods and present
source of infection for humans (Costerton et al., 1999) or source of food spoilage (Sofos and
Geonaras, 2010). The biofilm formation consists of initial (reversible) attachment, irreversible
attachment, early development of biofilm architecture, maturation and dispersion (Srey et al.,
2013). The crucial moment in prevention of biofilm formation is the first step, followed by the
second and irreversible step of bacterial adhesion. Because of bacterial resistance to
antimicrobials and disinfectants is increasing, new natural compounds are being researched
for their anti-adhesion potential (Nostro et al., 2012; Jadhav et al., 2013; Bezek et al., 2016;
Kurinčič et al., 2016). However, anti-adhesion properties of mushroom extracts were less
studied.
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Mushrooms are known for their nutritional (Kalac, 2013) and medicinal properties (Lindequist
et al., 2005), which makes them a promising natural source for development of novel drugs
and nutraceuticals. Many different mushroom extract activities have been researched –
antibacterial (Bala et al., 2012), antiviral (Minari et al., 2011), anti-inflammatory and analgesic
(Ruthes et al., 2013), antioxidative (Klaus et al., 2011), antiallergic (Ellertsen and Hetland,
2009), immunomodulating (Kozarski et al., 2011), antitumor (Deng et al., 2012;),
cardiovascular protective (Rajasekara and Kalaimagal, 2012), hepatoprotective (Soares et
al., 2013), antiobesity (Zhang et al., 2013), hypoglycaemic and antidiabetic (Kim et al., 2005),
antiatherogenic and hypolipidemic (Yoon et al., 2012), anti-hypertensive (Vunduk et al.,
2015), prebiotic (Synytsya et al., 2009) and radioprotective (Pillai and Devi, 2013). In
mushroom extracts β-glucans were determined as the main active components (Zhu et al.,
2015), besides polysaccharides also phenols, terpenoids, peptides, lectin and alkaloids
(Lindequist et al., 2005; Zheng et al., 2007; Cavalieri et al., 2010) act as active compounds.
Despite many bioactive properties of mushroom extracts, knowledge on anti-adhesion and
biofilm preventing activity of mushroom extracts is scarce (Chamiolo et al., 2010; Alves et al.,
2014; Signoretto et al., 2014).
The aim of this study was to determine if there is any anti-adhesion activity. From 25 tested
hot water (HWE) and hot alkali (HAE) mushroom extracts of 13 mushroom species
(Auricularia auricula-judae, Boletus edulis, Craterellus cornucopioides, Fomes fomentarius,
Fomitopsis pinicola, Ganoderma applanatum, Ganoderma lucidum, Inonotus obliqus,
Lentinus edodes, Meripilus giganteus, Piptoporus betulinus, Schizophyllum commune and
Sparassis crispa) all showed some anti-adhesio activity. In this paper results obtained using
P. betulinus, F. pinicola and S. commune are discussed.

MATERIAL AND METHODS
Preparation of hot water and hot alkali mushroom extracts was performed according to
the previously described method (Klaus et al., 2015).
Contents of total α- and β-glucans of the mushrooms extracts were determined using the
Mushroom and Yeast β-glucan Assay Procedure K-YBGL 07/11 (Megazyme Int., Wicklow,
Ireland), according to the manufacturer instructions.
Bacterial strain used was Listeria innocua ŽM39 BVII (from culture collection of the Food
Microbiology Laboratory of the Department of Food Science and Technology, Biotechnical
Faculty) containing 105 CFU/mL.
Resazurin assay described previously (Kovač et al., 2015) with modifications of incubation
temperature was used to determine the antibacterial activity. Extract concentrations were
two-fold serially diluted from 35 mg/mL to 0.273 mg/mL.
Crystal violet assay previously described (Kurinčič et al., 2016) with slight modifications
was used to determine anti-adhesion activity. Flat-bottomed transparent polystyrene 96-well
microplates (Thermo ScientificTM NuncTM) were inoculated with 200 µL of bacterial culture
prepared in sterile TSB (Biolife Italiana Srl) with added mushroom extract diluted in 5%
DMSO (SeccoSolv®, Merck) with final concentration in a well of 0.1 mg/mL. Inhibition of
bacterial adhesion in the presence of mushroom extracts was calculated as ((APK – AT)/(APK –
ANK)) x 100. APK is the average of positive controls, ANK the average of negative controls and
AT the average of treated samples.
Statistics. All experiments were carried out in three replicates and expressed as means ±
standard deviations. One-way analysis of variance and Tukey’s honestly significant
differences test (Statistica 8.0 software package (StatSoft Inc., Tulsa, OK) were used in order
to detect significant difference (α = 0.05) between the mean values in all performed
experiments.
The
free
Pearson
Correlation
Coefficient
Calculator
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(www.socscistatistics.com/tests/pearson) was used to determinate the correlation between
variables.

RESULTS AND DISCUSSION
All three mushrom species – P. betulinus, F. pinicola and S. commune – are lignolytic
mushroom species. Although mushrooms are known as a source of several biologically
active compounds, polysaccharides – especially glucans, are identified as those with the
pronounced and diverse biological effects (Stachowiak and Regula, 2012; Klaus et al., 2015).
Therefore, the contents of total, α- and β-glucans in the selected samples were determined
(results presented in Table 1 and in Figure 1). The highest total glucans content was
determined in S. commune HWE (26.93 ± 1.92%), which also had the highest amount of βglucans (25.12 ± 2.00%).

Figure 1: Content of total, α- and β-glucans
Fp - F. pinicola, Pb - P. betulinus, Sc - S. commune, HWE – hot water extract, HAE – hot alkali extract.
Table 1. Anti-adhesion activity and polysaccharide content (total, α- and β-glucans) of mushrooms
extracts
1
Sample
% IBA
Total glucans (%)
α-glucans (%)
β-glucans (%)
2
a
a
a
a
F. pinicola HWE
42.91 ± 3.45
6.95 ± 0.16
3.39 ± 1.23
3.56 ± 1.05
3
b
b
b
b
F. pinicola HAE
58.02 ± 4.00
8.75 ± 1.02
2.59 ± 0.92
6.16 ± 0.87
c
c
c
c
P. betulinus HWE
68.87 ± 2.19
15.50 ± 0.34
5.60 ± 0.14
9.92 ± 0.23
d
d
b,d
d
P. betulinus HAE
61.86 ± 2.90
13.00 ± 0.30
2.0 ± 0.33
11.00 ± 0.10
e
e
d
e
S. commune HWE
71.32 ± 4.23
26.93 ± 1.92
1.70 ± 0.11
25.12 ± 2.00
f
f
e
f
S. commune HAE
67.95 ± 2.56
2.70 ± 0.10
0.62 ± 0.00
2.10 ± 0.10
1

2

3

% inhibition of bacterial adhesion, HWE-hot water extract, HAE-hot alkali extract. All percentages are on a dry
weight basis of extract. Data represent means ± standard deviation (n = 3). Within the same column, means

followed by different letters are significantly different at α = 0.05 (ANOVA, Tukey’s HSD test).

To ensure sub-inhibitory concentrations are being used for anti-adhesion activity testing,
resazurin assay was performed in order to examine the samples antibacterial ability and to
determine minimal inhibitory concentrations (MIC). When the highest concentration (35
mg/mL) was used, HWE of all three mushroom species did not show antimicrobial activity.
For HAE MICs were determined as 4.375 mg/mL for P. betulinus, 8.5 mg/mL for F. pinicola
and 35 mg/mL for S. commune. Sub-inhibitory concentration of 0.1 mg/mL of mushroom
extracts was used for further anti-adhesion activity testing.
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As presented in Table 2, the highest anti-adhesion activity (71.32 ± 4.23%) was observed in
HWE of S. commune, which also had the highest amount of total and β-glucans. In addition
P. betulinus HWE had higher amount of total glucans (15.50 ± 0.34%) leading to a higher
anti-adhesion activity (68.87 ± 2.19%). The efficiency of F. pinicola extracts was also
dependent on the content of glucans – HAE had higher amounts of total (8.75 ± 1.02%) and
β-glucans (6.16 ± 0.87%), which is in correspondence with its anti-adhesion activity (58.02 ±
4.00%). Generally, the higher total and β-glucans the extract contains, the stronger antiadhesion activity is observed. Correlation coefficient analysis confirmed this pattern
(R=0.9061).
P. betulinus, F. pinicola and S. commune have been researched previously for their diverse
biological activity, especially for their medicinal benefits (Cheng et al., 2008; Klaus et al.,
2011; Vunduk et al., 2015). but this is the first report of their ability to prevent the adhesion of
bacterial cells onto the polystyrene surface. Until now, very little is known about antiadhesion activity of mushroom extracts. Also, very little is known about glucans anti-adhesive
activity. However, they have been described as an active compound (derived from yeast cell
wall) used in anti-adhesive therapy for enteropathogenic bacteria (Ganner et al., 2010;
2013). Currently, mushrooms and their biologically active compounds are being used in
different products in feed and food industry. For instance, they are added to feed for their
positive effects on immune system, improved growth performance and feed efficiency,
antioxidative and prebiotic activity (van Nevel et al., 2003; Giannenas et al., 2010), as well as
to food products for their nutraceutical properties (Hozova et al., 2004; Wan Rosli et al.,
2011; Brennan et al., 2013; Guinard et al., 2016).

CONCLUSIONS
The possible mechanism responsible for the anti-adhesion activity of higher basidiomycete
mushrooms is unknown, but the presented study gives insight in a new area of mushrooms
biological potential. Further research is necessary in order to extract and identify other
compounds that might contribute to the prevention of bacterial cells adhesion onto the
diverse surfaces. Elucidation of the mechanism behind the adhesion prevention might be of
great interest in the development of future bacterial anti-adhesion strategies. In addition, use
of mushrooms for medicinal/veterinary and nutraceutical purposes in connection with
prevention of bacterial adhesion should be researched, since it could to certain extand
substitute thebuse of antibiotics.
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ABSTRACT
Prototheca is a unicellular, achlorophyllous yeast-like microalga. Among the six species generally
recognized from genus Prototheca, Prototheca zopfii, Prototheca wickerhamii, Prototheca cutis and
Prototheca blaschkeae have been associated with human and/or animal infections. Main etiological
agent in animals is Prototheca zopfii (P. zopfii). It is the environmental pathogen whose main reservoir
is related to cows. The outbreaks of bovine mastitis caused by P. zopfii have been reported in several
countries including Serbia. Bovine protothecosis is a serious therapeutic problem given that
Prototheca has proven to be highly resistance to common drugs used for treatment of mastitis.
Therefore, outbreak of protothecosis in dairy cows may lead to very signiﬁcant economic losses.
The objective of this study was to evaluate the antimicrobial activity of carvacrol and its influence on
growth and survival of P. zopfii isolated from bovine mastitis. Simultaneously with the antimicrobial
activity of carvacrol, in present study was also examined antimicrobial activity of antimicrobials
commonly used against bacteria and fungi. Additionally, survivability of P. zopfii was examined using
cell survivability assay. Cell survivability assay was carried out by exposure of P. zopfii to various
concentrations of carvacrol (2.5, 1.25, 0.625 and 0.156 µL/mL) at time intervals of 5, 15, 30 and 60
minutes.
Strains of P. zopfii were found to be highly resistant to the most of the recommended antimicrobials
used against bacteria and fungi. From a total of 18 investigated antimicrobials, only nystatin,
amphotericin B, gentamicin and streptomycin were found to be effective against all P. zopfii strains.
Carvacrol inhibited the activity of P. zopfii isolates, with minimal inhibition concentration (MIC) of 0.156
µL/mL and with minimal cidal concentration (MCC) of 0.625 µL/mL. Results of cell survivability assay
indicated that inhibition activity of carvacrol toward P. zopfii is in a dose and time dependent manner.
Keywords: Prototheca zopfii, carvacrol, mastitis

INTRODUCTION
Members of the genus Prototheca are ubiquitous achlorophyllous yeast-like microalgae that
belong to the family Chlorellaeace (Capra et al., 2014). The genus Prototheca was
established by Kruger in 1894. Nowadays, the most of authors recognized six species within
genus Prototheca: Prototheca zopfii, P. wickerhamii, P. stagnora, P. ulmea, P. cutis and P.
blaschkeae (Masuda et al., 2016). Among species generally recognized from this genus,
Prototheca zopfii, P. wickerhamii, P. cutis and P. blaschkeae were characterized as
pathogenic species. A number of previous studies have revealed that all pathogenic species
have been associated with human protothecosis, with the exception of P. zopfii (Grzesiak et
al., 2016) and P. blaschkeae (Marques et al., 2008; Ricchi et al., 2013) which were
associated with clinical or subclinical cases of bovine mastitis.
Undoubtedly, the most relevant form of protothecosis in animals is bovine mastitis. Bovine
mastitis, caused by the Prototheca, was recognized as a rare, but serious infection. In last
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decade, the incidence of the bovine mastitis caused by the Prototheca has been increased
and represents a potential zoonotic risk (Irrgang et al., 2015).
The P. zopfii infection usually results in a chronic sub- or mild-clinical inflammatory response
of the udder, followed by a marked decrease in milk production and increasing number of
somatic cells (Milanov et al., 2006; Irrgang et al., 2015). The outbreaks of the bovine mastitis
caused by P. zopfii are a global problem. Former studies reported outbreaks of the bovine
mastitis in several countries including Serbia. First isolation of P. zopfii was noted on a dairy
farm in Vojvodina (Northern Province of Serbia) and described by (Milanov et al., 2006).
Also, several endemic forms of protothecal mastitis caused by P. zopfii were established
during the last decade on dairy farms in Serbia.
Bovine protothecosis is a serious therapeutic problem bearing in mind that Prototheca has
proven to be highly resistance to common drugs used for treatment of mastitis. Previous in
vitro and in vivo studies have revealed that P. zopfii strains are resistant to antibiotics and
antifungal agents (Milanov et al., 2006; Lopes et al., 2008; Wawron et al., 2013). Moreover, it
should be noted that, according to the literature, P. zopfii strains do not respond to the
routine therapy of mastitis (AbdelHameed, 2016) and the only control measure to date has
been the elimination of the infected animals (Marques et al., 2006). Therefore, outbreak of
protothecosis in dairy cows represents a potential zoonotic risk and may lead to signiﬁcant
economic losses.
Taking into account that effective therapy of prototheca mastitis has not yet developed, the
objective of this study was to evaluate in vitro susceptibility of Prototheca strains to
conventional antibiotics and antifungal agents in comparison to susceptibility of Prototheca to
natural compound carvacrol.

MATERIAL AND METHODS
Strains and culture condition
The study involved five Prototheca zopﬁi strains. Strains were originally isolated from the milk
of cows with clinical mastitis in the Institute of Veterinary Medicine in Novi Sad, Serbia.
Assayed strains of Prototheca zopﬁi were identiﬁed using standard procedures according to
Milanov et al. (2006).
After macroscopical and microscopical identiﬁcation, biochemical characteristics of tested
strains were determined using BBL Crystal ® tests (Becton Dickinson, Detroit, MI, USA):
Crystal Enteric/Nonfermenter ® and BBL Crystal Gram positive ®. Strains were cultured on
Tryptone Soya agar (TSA, LabM) at 37°C for 48 h. Three to four isolated colonies grown on
TSA were inoculated in 5 mL of Tryptone Soya broth (TSB, Oxoid) and incubated at 37°C for
24 h. After incubation, suspensions were adjusted to ~1-2 x 106 cfu/mL using direct counting
chamber method. The final concentration of the inoculum used for the antimicrobial assays
was approximately 106 cfu/mL.
Antimicrobial Susceptibility Testing
All cultures of P. zopﬁi were tested for their in vitro susceptibility to different antibacterial and
antifungal drugs using disc diffusion method on Mueller–Hinton agar (Himedia), according to
protocols M02-A12 (CLSI, 2012) and M44-A6 (CLSI, 2004) of the Clinical Laboratory
Standards Institute. In vitro susceptibility tests were performed with discs containing the
following antifungal agents and antibiotics (Liofilchem®): fluconazole (FLU25), econazole
(ECN10), clotrimazole (CLO50), miconazole (MCL10), itraconazole. (ITC50), ketoconazole
(KCA10), voriconasole (VO), flucytosine (AFY50), nystatin (NY100IU), amphotericin B,
(AMB20), ampicillin (AMP10), clindamycin (DA2), penicillin (P10), ceftriaxone (CRO30),
cefpodoxime (CPD10), nalidixic acid (NAL30), gentamicin and streptomycin (MIC Test Strip
Liofilchem®). The plates were incubated at 37°C for 48 h. The susceptibility of the
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Prototheca strains was determined by measuring the zone of growth inhibition around the
discs. Based on the size of inhibition zone, the strains were categorized as susceptible (S),
intermediately susceptible (IS) and resistant (R).
Antimicrobial activity of carvacrol
Antimicrobial activity of carvacrol was tested using modified broth microdilution method
according to the National Committee for Clinical Laboratory Standards (CLSI, 2008a, 2008b).
A serial doubling dilutions of the carvacrol were prepared in a microtiter plate in a range of 10
- 0.0195 µL/mL using Mueller-Hinton broth (MHB, HiMedia). The test was performed in a
total volume of 200 µL/mL with final microbial concentration of 106 cfu/mL per well. The plate
was incubated at 37°C for 24 h. The same tests were performed simultaneously for growth
control (MHB + test organism), sterility control (MHB + carvacrol) and positive control (MHB +
gentamicin + test organism). Gentamicin was prepared in sterile water and diluted in MHB to
obtain concentrations ranged from 16 to 0.016 µg/mL. Additionally, susceptibility to
gentamicin was confirmed using quantitative assay for determining the MIC (Gentamicin MIC
Test Strip (Liofilchem®) according to the manufacturer's instructions. Microbial growth was
determined by adding 10 µL of 0.01% resazurin (7-Hydroxy-3H-phenoxazin-3-one 10-oxide,
HiMedia) in aqueous solution.
The MIC was defined as the lowest concentration of carvacrol that have prevented the
change in color. Referring to the results of the MIC assay, the wells showing complete
absence of growth were identified by using 100 µL of solution from each well which is then
transferred to the TSA plates. Afterwards, agar plates were incubated at 37°C for 48 h. The
MCC was defined as the lowest concentration of sample required to kill a 99.9% of cells.
Cell viability assays
Cell viability assays were carried out with exposure of P. zopﬁi to different concentrations of
the carvacrol (2.5, 1.25, 0.625 and 0.156 µL/mL) at time intervals of 5, 15, 30 and 60
minutes. Cell viability assays were carried out using the viable cell count method. Aliquots
(100 µL) were taken after 5, 15, 30 and 60 minutes after exposure to different concentrations
of the carvacrol and were spread-plated onto the sterile TSA. After 48 h of incubation at
37°C, colonies were counted and the results were expressed in log of cfu/mL. Control flasks
without carvacrol were tested in the same way. All assays were carried out in duplicate and
the results were expressed as average of the parallel assays.

RESULTS AND DISCUSSION
The assayed strains of P. zopfii were found to be highly resistant to the most of
recommended antimicrobials used against bacteria and fungi. All strains were in vitro
resistant to fluconazole, econazole, clotrimazole, miconazole, itraconazole, flucytosine,
ampicillin, clindamycin, penicillin, ceftriaxone, cefpodoxime and nalidixic acid. Strains 1, 3, 4
and 5 showed intermediately susceptibility to ketoconazole and voriconasole (Table 1). From
a total of 18 antimicrobials, only nystatin, amphotericin B, gentamicin and streptomycin were
found to be effective against all P. zopfii strains.
The findings obtained in this study are in accordance with results reported by Malinowski et
al. (2002) who confirmed a high effectiveness of nystatin, amphotericin B, gentamicin and
streptomycin toward P. zopfii.
On the contrary, AbdelHameed (2016) established low in vitro effectiveness of amphotericin
B (65.38% resistant strains) and no effectiveness of streptomycin (100% resistant strains)
against P. zopﬁi. The results presented by AbdelHameed (2016) were comparable when it
comes to gentamicin and nystatin. In mentioned study, all strains isolated from cheese were
also susceptible to gentamicin and nystatin (100% and 80.76%, respectively).
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Determination of MIC by streptomycin and gentamicin MIC Test Strip (Liofilchem®) provided
MIC values of 4 μg/ml and 2 μg/ml, respectively (Fig 1).
Table 1. The in vitro susceptibility for the tested antimicrobial drugs
Strains of P. zopfii

Antimicrobials

1

2

3

4

5

Fluconazole

FLU25

R

R

R

R

R

Econazole

ECN10

R

R

R

R

R

Clotrimazole

CLO50

R

R

R

R

R

Miconazole

MCL10

R

R

R

R

R

Itraconazole

ITC50

R

R

R

R

R

Ketoconazole

KCA10

I

S

I

I

I

Voriconazole

VO

I

S

I

I

I

Flucytosine

AFY 50

R

R

R

R

R

Nystatin

NY100 IU

S

S

S

S

S

Amphotericin B

AMB20

S

S

S

S

S

Streptomycin*

S

S

S

S

S

S

Gentamicin*

CN

S

S

S

S

S

Clindamycin

DA2

R

R

R

R

R

Ampicilin

AMP10

R

R

R

R

R

Penicilin

P10

R

R

R

R

R

Ceftriaxone

CRO30

R

R

R

R

R

Cefpodoxime

CPD10

R

R

R

R

R

NAL30

R

R

R

R

R

Nalidixic acid
Legend:* MIC Test Strip

R
S
I

Resistant
Susceptible
Intermediately susceptible

Assayed strains showed susceptibility on carvacrol with MIC/MCC - 0.156/0.625 µL/mL for all
tested strains. The investigation of Bouari (CUC) et al. (2011) showed that essential oil of
Satureja hortensis (savory) had inhibitory effect against most of tested P. zopfii strains
collected from mastitic cow milk samples, with the MIC values between 0.25 – 0.5 μL/mL. In
the same research, essential oil of Abies alba (silver fir) showed lower in vitro susceptibility
on all P. zopfii strains, while MIC values ranged between 1 and 4 μL/mL. It was proven that
esential oils of Satureja hortensis and Abies alba induce a strong inhibitory effect upon P.
wickerhamii referent strain (MICs 0.25 μL/mL and 0.125 μL/mL, respectively).
Grzesiak et al. (2016) assessed susceptibility of eight commercial essential oils (cinnamon,
geranium, clove, thyme, lavender, basil, rosemary and clary sage) toward P. zopfii strains. In
mentioned research was showed that the greatest antimicrobial activity had essential oil of
cinnamon with MIC value between 0.2 and 0.4 μL/mL. Slightly lower MIC values were
obtained for thyme and clove essential oils with MIC values between 0.6 and 1.0 μL/mL and
0.8 to 1.0 μL/ml, respectively.
As it can be seen in Figure 2., strong cidal effect (total elimination of the microbial initial
inoculum) and complete inhibition of P. zopfii was achieved after 15 min exposure to 2.5
μL/mL of carvacrol. Moreover, growth of P. zopfii was completely inhibited after 60 min
exposure to carvacrol in concentrations of 1.25 μL/mL and 0.625 μL/mL. Exposure of initial
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inoculum of P. zopfii to MIC of carvacrol (0.156 μL/mL) provided low inhibitory effect along
the evaluated interval, wherein reduction of microbial initial inoculum was in range of 0.39 log
(5 min) to 2.13 log (60 min).

a)

b)

Figure 1. Determination of MIC toward P. zopfii by streptomycin (a) and gentamicin (b) MIC Test Strip
(Liofilchem®)
Table 2. The minimum inhibitory concentration (MIC) and minimal cidal concentration (MCC) of
carvacrol toward P. zopfii
µL/mL
1
2
3
4
5

10

5

2.5

1.25

MCC

0.625

0.3125

0.156

0.078

0.039

0.019

MIC

Figure 2. Effect of different concentrations of carvacrol on the cell viability of P. zopfii

The antimicrobial activity of essential oils is associated with their chemical composition. The
highest activity was reported for the phenols carvacrol, thymol and eugenol, wherein
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carvacrol and thymol were present in oregano, thyme and savory oils, and eugenol was
found in basil and clove oils. Recent studies confirmed that these essential oils demonstrate
high antimicrobial activity toward different strains of fungy and bacteria (Burt, 2004; Lević et
al., 2011; Čabarkapa et al., 2012; Saric et al., 2014).
The wide use of antimicotics and antibiotics leads to the emergence of resistant
microorganisms and results in an increased number of undesirable residues in milk, which
justifies the study based on discovering alternative treatments, such as utilization of plant
derived compounds.

CONCLUSIONS
Based on the obtained results it could be noticed that strains of P. zopfii were highly resistant
to the most of recommended antimicrobials used against bacteria and fungi. From a total of
18 antimicrobials, only four of them (nystatin, amphotericin B, gentamicin and streptomycin)
were found to be effective against all P. zopfii strains. Carvacrol inhibited the activity of P.
zopfii isolates, with minimal inhibition concentration (MIC) of 0.156 µL/mL and with minimal
cidal concentration (MCC) of 0.625 µL/mL. Results of cell survivability assay indicated that
inhibition activity of carvacrol toward P. zopfii is in a dose and time dependent manner. The
results obtained in this study confirmed that natural compounds such as carvacrol have great
potential in the treatment of protothecoses.
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ABSTRACT
After the European Union and Republic of Serbia temporary banned the use of the neonicotinoids in
flowering crops that honeybee might visit, there has been an increased interest on their residues
determination, especially in honeybee products such as honey. Neonicotinoids are systemic
insecticides translocated to the whole plant (flowers, pollen and nectar). This group of insecticides
includes nitro-subsituted (dinotefuran, nitenpyram, thiamethoxam, imidacloprid and clothianidin) and
cyano-substituited (acetamiprid and thiacloprid) compounds. The objective of this study was to
conduct the monitoring of neonicotinoids residues in collected honey samples from Autonomous
Province of Vojvodina using developed HPLC-MS/MS analytical method with QuEChERS sample
preparation procedure for the analysis. The liquid chromatographic conditions were optimized by
Response surface methodology with Box–Behnken design and the global Derringer´s desirability. The
chosen method was fulfilling the of SANCO/12571/2013 validation requirements. Used methodology
provided all necessary requirements for a good fitted analytical method, such as good accuracy (R,
70–120%), repeatability (RSD, < 20%) and within-laboratory reproducibility (RSD, <20%), limit of
-1
-1
detection (LOD, 0.5–1.0 µg kg ) and quantification (LOQ, 1.5–2.5 µg kg ). Matrix effects were
compensated by the use of matrix-matched calibration. For the second time, monitoring of
neoniccotinoids residues included more than 120 honey samples of different plant origin (sunflower,
linden, acacia, and wildflower) collected from more than 50 locations in all 7 counties of Autonomous
Province of Vojvodina. Residue analysis discovered the presence of thiamethoxam, clothianidin and
imidacloprid in detectable concentrations bellow MRLs, therefore implicating the necessity and
importance of ongoing control of this type of food.
Keywords: Neonicotinoids, honey, HPLC-MS/MS

INTRODUCTION
Becoming the most widely used class of the insecticides in last 20 years, presence of
neonicotinoids now accounts for at least one quarter of the world insecticide market
(Agropages, 2013). Similar to nicotine, they are nicotinic acetylcholine receptor agonists.
(Decourtye & Devillers, 2010; Tomizawa & Casida, 2005). Presently, a wide range of plants
including sunflower, corn, potatoes, rice, sugar beets, oil rapeseed, soy, fruits etc. are treated
with neonicotinoids. They are authorized in more than 120 countries for more than 1000
uses for the treatment (Biever et al., 2003). Being systemic insecticides, neonicotinoids are
translocated to the whole plant (flowers, pollen and nectar) (Van der Sluijs et al., 2013),
revealing ways by which some beneficial pollinators such as honey bees and other can be
exposed to these compounds. Variety of negative effects have been established throughout
different studies conducted in Europe and USA which have demonstrated that sub lethal
amounts of neonicotinoids cause disorientation, impaired learning and memory, reduced
communication, reduced longevity and disruption of honeybee brood cycles (Farooqui,
2013). Furthermore, residues of these insecticides may finally be found in bee product such
as honey, bees wax, etc. The European Commission (EC) has temporary banned the use of
imidacloprid, thiamethoxam and clothianidin in crops attractive to pollinators emphasizing the
awareness of potential harmful impact of the neonicotinoids on honeybees and their products
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(Commission, 2013; EFSA, 2013; Gross, 2013). The regulative of Republic of Serbia also
adopted the same decisions as EC. Therefore, monitoring and determination of trace levels
of the neonicotinoids in honey are necessary and demand highly efficient, selective and
sensitive analytical techniques. Neonicotinoids are usually determined by liquid
chromatography (LC) coupled to different detectors such as diode array detector (DAD)
(Vichapong et al., 2013, Jovanov et al., 2015), ultraviolet detector (Rahman et al., 2013),
fluorescence (García et al., 2007), mass spectrometer (Jovanov et al., 2013, 2014),
electrochemical detector, post-column photochemical reactor (Rancan et al., 2006), or even
detectors based on thermal lens spectrometry (Franko, 2008). Preparation of honey samples
for the liquid chromatographic analysis presents an analytical challenge due to high amounts
of different compounds found in honey. For these reasons we decided, due to the good
results achieved, to employ extraction methodology based on QuEChERS (Jovanov et al.,
2014) protocol as a sample pretreatment procedure in neonicotinoids analysis of honey. After
the selection of the appropriate sample pretreatment procedure, the optimal chromatographic
conditions were acquired using Response-surface methodology (RSM) (Wang et al., 2011;
Zhou et al., 2009) for the determination of the selected neonicotinoids. Box-Behnken designs
(BBDs) combined with Derringer’s desirability function, were chosen used for simultaneous
optimization of different chromatographic parameters.
The objective of the present work was to use a rapid, sensitive, optimized and accurate
analytical method based on HPLC-MS/MS combined with selected extraction procedure for
monitoring and determination of selected neonicotinoid insecticides in honey samples
collected from the Autonomous Province of Vojvodina.

MATERIAL AND METHODS
Standards of selected neonicotinoids (certified purity > 99%) and formic acid (purity 98%,
w/w) were obtained from Sigma-Aldrich (Steinheim, Germany), while acetonitrile of HPLC
grade was purchased from Merck (Darmstadt, Germany). The purified water used was
produced by a Simplicity UV system from Millipore (Bedford, MA, USA). Stock solutions of
neonicotinoid standards (100.0 mg L−1) were prepared in water and stored in a freezer at -10
°C, and were stable over a period of at least three months. Multicomponent standard solution
(100.0 μg L−1) was used for spiking honey samples, matrix-matched calibration (MMC), and
solvent based calibration (SC). The MMC standards were prepared by spiking of blank honey
samples with multicomponent stock solution at the final reconstitution step, over the range
from the limit of quantification (LOQ) to 100.0 μg kg −1 for all analyzed neonicotinoids. Kits for
QuEChERS sample preparation procedure (buffered extraction kits; part no ECQUEU750CT
and general fruits and vegetables sample cleanup kits; part no ECMPS15CT) were
purchased as ready to use from United Chemical Technologies (UCT inc., Bristol, USA). The
more than 120 honey samples of different floral origin were collected from over 50 different
locations in all 7 counties of the Autonomous Province of Vojvodina, Republic of Serbia.
The QuEChERS procedure was performed following described steps: honey samples (15.0
mL of 50.0 g L-1 spiked honey solution corresponding to 10.0 g of honey) were measured in
50 mL extraction vials. The next step was addition of buffering salts (4.0 g of magnesium
sulphate, 1.0 g of sodium chloride, 0.5 g of sodium citrate dibasic sesquihydrate and 1.0 g of
sodium citrate tribasic dehydrate) from the separate pre-packaged pouches and addition of
acetonitrile (10.0 mL). The mixture was vortexed for 1 minute (BOECO, Germany) and then
centrifuged at 3000 rpm (Tehtnica, Yugoslavia) for 10 minutes. After centrifugation the
acetonitrile extract layer (6.0 mL) was transferred into the sample cleanup vials (containing
0.9 g of magnesium sulphate and 0.15 g of primary-secondary amine (PSA)). Additional
vortexing of the cleanup vials for 1 minute and centrifuging at 3000 rpm for 10 minutes was
the next step of the procedure. The gained extract (1.5 mL) was transferred into 2 mL vials
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and solvent was evaporated under the stream of nitrogen. Dry residues were reconstituted in
1.0 mL (1.5 mL for spiked honey samples) of the mobile phase prior to the further analysis.
Experimental design was performed by use of Design-Expert 7.0.0. (Stat-Ease, Minneapolis,
USA). Selection of factors (eluents composition and flow rate) for optimization was based on
previous research (Jovanov et al., 2015). The procedure followed in this work optimization of
retention time of the chromatographic peak and resolution of the peaks is a modification of
the method developed by Derringer and Suich (Sivakumar et al., 2008). The optimized
factors were incorporated in choosen method.
An Agilent 1200 Series HPLC system (Agilent Technologies Inc., USA) consisting of a
solvent degassing unit, a quaternary pump, an autosampler and a thermostated column
compartment was used in the HPLC system. Separation of the analytes was achieved on a
ZORBAX Eclipse XDB-C18 column (50 mm × 4.6 mm i.d., 1.8 μm) with a column
temperature of 30 °C. The mobile phase consisted of two eluents, ACN (A) and ultrapure
water with 0.2% formic acid (B), delivered at a flow rate of 0.7 mL min −1. The selected
neonicotinoids were separated, in order to determine thiamethoxam, with the following
gradient program: 90% B at start followed by a linear gradient reaching 60% B after 6 min
and then switch back to 90% B at the end of the run at 10 min.
Agilent 6410 Triple Quad LC/MS mass spectrometer (Agilent Technologies Inc., USA) was
operated with a multimode interface in positive ion mode. MassHunter workstations software
version B.03.01 (Agilent Technologies Inc., USA) was used for the control of equipment, data
acquisition and analysis. The instrument was operated with the heater gas temperature of
325 °C and vaporization temperature of 200 °C. Additionally, nitrogen was used as a
nebulizer gas at 50 psi, and a flow rate of 5 L min−1, capillary voltage of 2500 V and charging
voltage of 2000 V. For all the investigated compounds total ion chromatograms (TIC) were
recorded. The multiple reaction monitoring (MRM) transitions used a dwell time of 20 ms
(ms). For the proposed method, the most intense characteristic MRM transitions were
chosen for each analyte (table 1).
Table 1. The m/z of precursor ion (Q1), m/z of monitored product ion (Q3), fragmentor voltage (FV)
and collision energy (CE) of each pesticide.
Neonicotinoid
Q1
Q3
FV (V)
CE (V)
211.1
82
8
Thiamethoxam
292.2
181.1
82
20
126.0
102
20
Thiacloprid
253.1
90.0
102
30
225.1
102
8
Nitenpyram
271.2
56.1
102
30
209.0
92
12
Imidacloprid
256.1
175.1
92
16
129.1
82
8
Dinotefuran
203.1
113.1
82
8
169.1
92
8
Clothianidin
250.0
131.9
92
16
126.0
124
12
Acetamiprid
223.1
56.1
124
20

The proposed HPLC-MS/MS method was evaluated to fulfill all the necessary requirements
of method validation and quality control procedures for pesticides residue analysis in food
and feed ( SANCO/12571/2013). The calibration curves in pure solvent (LOQ to 100.0 μg
L−1) and in honey matrix (LOQ to 100.0 μg kg −1) were obtained. The linearity of calibration
curves was expressed by the square correlation coefficient (r2). The limit of detection (LOD)
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and limit of quantiﬁcation (LOQ) were estimated by injecting decreasing concentrations of
matrix-matched standards and measuring the response at a signal-to-noise ratio (S/N) of ≥ 3
and ≥ 10 for the LOD and LOQ, respectively. The accuracy of the method was determined
with the percentage recovery (R, %) using spiked blank honey samples (at 3 concentration
levels) prior to analysis and matrix-matched calibration curves by comparing the mean
measured concentration with the spiked concentration of the analyzed neonicotinoids. The
precision of the method was expressed in terms of repeatability and within-laboratory
reproducibility as relative standard deviation (RSD).

RESULTS AND DISCUSSION
For the monitoring of neonicotinoids residues in honey samples collected from the
Autonomous Province of Vojvodina liquid chromatography method coupled with tandem
mass spectrometry was employed. The validation of the choosen method was carried out
providing results which suggested that the retention times (tr) of analyzed neonicotinoids
were constant with the RSD never exceeding 0.1%. The calculated LODs and LOQs using
matrix-matched calibration curves reach LOQs which were lower than the European
Commission established maximum residues level (MRLs) for the neonicotinoids in honey.
The usage of matrix-matched calibration (MMC) standards has compensated the matrix
effects, expressed as the signals from the selected neonicotinoids in the honey matrix
compared to their signals in the solvent. Matrix effects were calculated as signal
suppression/enhancement (SSE), i.e. slope ratios for MMC and SC. All the matrix-matched
calibration curves obtained using QuEChERS pretreatment procedures were linear over the
range LOQ-100.0 μg kg−1. The accuracy of the used method was demonstrated as the mean
recovery (R, %). Both, the R and RSD values were determined at three concentration levels
(10.0, 50.0 and 100.0 μg kg-1) using the MMC curves. The recovery results confirmed that
the optimal recovery (R, 70-120% with RSD of ≤ 20%) was obtained. Precision, expressed
as the repeatability and within-laboratory reproducibility gave RSD values ≤ 20%, indicating a
good precision of chosen method.
The HPLC-MS/MS method was applied to the analysis of more than 120 honey samples with
different floral origin collected from multiple locations (50) in the Autonomous Province of
Vojvodina, Republic of Serbia. The results indicate that the residues of thiamethoxam,
clothianidin and imidacloprid were quantified in 7% of analyzed honey samples. However,
those concentrations were below the maximum residue levels determined for the selected
neonicotinoids in honey established in the EU and Republic of Serbia.
Futhermore, the monitoring of selected neonicotinoids confirmed the indication of the
formulations used for the pest treatment in crops which honey bees visit with the investigated
neonicotinoids as active substances.

CONCLUSIONS
In this work, an HPLC-MS/MS analytical method based on QuEChERS sample pretreatment
procedure was used for the determination of 7 neonicotinoids in more than 120 honey
samples collected from more than 50 places in the Autonomous Province of Vojvodina,
Republic of Serbia. Residues of thiamethoxam, clothianidin and imidacloprid were found in
several honey samples, therefore implicating a potential usefulness of ongoing control of this
type of food.
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ABSTRACT
Better assessment of the quality of dietary protein sources allows their better use. The FAO has
recommended replacing the protein digestibility–corrected amino acid score (PDCAAS) with the
digestible indispensable amino acid score (DIAAS) in which ileal amino acid digestibility values
obtained in pigs are used.
A study on growing pigs was conducted to determine true fecal protein digestibility and standardized
ileal amino acid digestibility of rice, rye and barley. Using these values the PDCAAS and DIAAS were
calculated and compared.
A total of 18 gilts with a T-cannula inserted in the terminal ileum were allotted to 3 diets - six replicate
pigs per diet. Three semi-purified diets were formulated to contain the tested cereal grains (rice, rye,
barley) as the sole nitrogen source and with an indigestible marker (chromic oxide). Each
experimental period comprised of a 7-d adaptation followed by 1-d (24 h) collection of feces and ileal
digesta.
All tested parameters were greatest in rice. Significant differences (P < 0.05) in both protein and amino
acids digestibility among the rice and other cereals (rye and barley) were found. True fecal protein
digestibility was significantly greater than the mean ileal amino acids digestibility for all tested
samples, thus suggesting an overestimation of protein quality determined by means of PDCAAS.
Calculated PDCAAS values for rice, rye and barley (81, 65 and 61%) were generally higher than a
DIAAS values (79, 56 and 55%), especially for the poorer quality proteins - rye and barley in
comparison with rice.
Keywords: PDCAAS, DIAAS, protein quality, amino acid, ileal

INTRODUCTION
Protein quality describes the nutritive value of protein. A precise assessment of the ability of
a dietary protein source to match the body’s needs for individual amino acids (AA) will allow
their better use (FAO, 2013).
The quality of dietary protein is a function of its constituent AA. The FAO/WHO Expert
Consultation on Protein Quality Evaluation (FAO, 1991) recommended the use of the Protein
Digestibility Corrected AA Score (PDCAAS) as suitable method for protein quality evaluation.
Using this method, PDCAAS is calculated by multiplying the limiting AA score (i.e. the ratio of
the first-limiting AA to the same AA of the reference protein) by true fecal protein digestibility.
However the PDCAAS has limitations - the main is that fecal protein digestibility as a
measure of AA availability is inaccurate due to metabolic transformations of dietary and
endogenous proteins by microbial population of the large intestine (Darragh and Hodgkinson,
2000; Gilani, 2012; Schaafsma, 2012).
Considering a number of critical reviews on this subject (Moughan, 2003; Fuller and Tomé,
2005; Hendriks et al., 2012) a new protein quality measure called digestible indispensable
AA score (DIAAS) is now recommended to replace the PDCAAS for evaluating protein
quality (FAO 2013). Using the DIAAS method, researchers are now able to differentiate
protein sources by their ability to supply AA for use by the body.
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The main difference between PDCAAS and DIAAS is that dietary AA is treated as individual
nutrients and their digestibility is used in calculations. The AA are absorbed only from the
small intestine and their digestibility is measured as ileal digestibility (a difference between
dietary AA and those appearing in terminal ileum) which is more accurate assessment of
how much of the protein consumed is available to the body (Columbus and de Lange, 2012).
The apparent ileal digestibility (AID) of AA is defined as the net disappearance of ingested
dietary AA from the digestive tract proximal to the distal ileum. When AID is corrected for the
basal endogenous loss in pigs, the resulting value is termed standardized ileal digestibility
(SID), which can be used to calculate approximate DIAAS values in humans (Stein et al.,
2007).
There is no non-invasive method of ileal digesta collection applicable in humans and
therefore the number of relevant data is very limited. The pig has been recognized as a good
animal model for estimating crude protein (CP) and AA digestibility in humans (Rowan et al.,
1994; Deglaire et al., 2009).
Furthermore, that the cereal grains are the major source of energy, they can be also a good
source of protein. The aim of the present study was to compare PDCAAS and DIAAS values
of rice, rye and barley calculated using digestibility coefficients obtained in a series of pig
experiments.

MATERIAL AND METHODS
All experimental procedures were reviewed and approved by the Animal Care Committee of
the Research Institute of Animal Production Nitra (Slovakia). A total of 18 Large white gilts
(BW, 50 ± 3.5 kg) fitted with ileal T-cannulas were used throughout the study. They were
allotted to 3 diets - six replicate pigs per diet. After a 14-d recovery, an experimental period,
consisting of a 7-d adaptation period followed by a 1-d (24-h) collection of ileal digesta and
feces, was started.
Three semi-purified diets (Table 1) were formulated to contain the tested cereal grains (rice,
rye, barley) as the sole nitrogen (N) source. Chromic oxide was added to the diets as an
indigestible marker. All diets were fed twice daily at 0700 and 1600 h in 2 equal meals at a
daily rate of 80g.kg-0.75. Water was available ad libitum.
-1

Table 1. Composition of experimental diets (g.kg , air-dry basis).
Protein source
Ingredient
Rice
Rice
Rye
Barley
Sunflower oil
Limestone
Monocalcium
phosphate
Salt
1
Premix
Chromic oxide

Rye

Barley

964
958
972
6
21
3
3
3

9
13
11
3
3
3

11.8
6.2
4
3
3

1

Provided the following per kg of diet: retinol 1.2 mg; cholekalciferol 25 mg;
α-tocopherol 10 mg; menadione 0.2 mg; riboflavin 4 mg; pyridoxine 2.5 mg;
d-pantothenic acid 10 mg; niacin 20 mg; folic acid 0.5 mg; biotin 0.1 mg;
cyanocobalamin 30 μg; choline 500 mg; Fe 92 mg; Zn 103 mg; Mn 40 mg;
Cu 19 mg; Co 0.5 mg; Se 0.16 mg.

The diets, feces and ileal digesta were analyzed for dry matter (DM) and total N (AOAC,
1990). Chromic oxide was measured by atomic absorption spectrometry (Williams et al.,
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1962). The content of AA after hydrolysis with 6 M HCl and methionine and cysteine after
oxidative hydrolysis were determined using an automatic AA analyzer (AAA 400, Ingos,
Prague, Czech Republic). Coefficients of true fecal protein digestibility (TD) or standardized
ileal amino acid digestibilities (SID) were calculated using the following formula:
TD, SID (%) = 100 x ((1 - Nex/Nd x Crd/Crex) + Nend/Nd)
where Nex is concentration of the nutrient in feces or ileal digesta, Nd is concentration of the
nutrient in the diet, Crd is concentration of chromic oxide in the diet, Crex is concentration of
chromic oxide in feces or ileal digesta (all values in g.kg-1 DM) and Nend is the endogenous
loss of the nutrient in grams per kg DM intake.
The values of endogenous nitrogen losses in feces were taken from the study by Whiting and
Bezeau (1957) and the endogenous amino acid losses in ileal digesta from the study of
Jansman et al. (2002) which were also suggested by Stein et al. (2007). For the calculation
of PDCAAS and DIAAS, indispensable amino acid reference pattern (reference protein) for
adult humans, as defined by the FAO Expert consultation (FAO, 2013), was used.
Experimental data were analyzed by General Linear Model of Statgraphics Plus package
(version 3.1, Statistical Graphic Corp., Rockville, MD, USA). When the analysis of variance
indicated a significant (P < 0.05) F-value for treatment means, the differences between
means were assessed by Tukey HSD test. True fecal digestibility values were compared with
weighted means of ileal digestibility of all indispensable amino acids by a two-sample
comparison method using Student's t-test.

RESULTS AND DISCUSSION
The contents of CP in rye and barley were approximately two times higher than in rice
whereas calculated ratio Lys : CP was highest in rice (Table 2). Compared with other
indispensable AA, all cereal grains contained relatively high amounts of leucine similarly as
reported Cervantes-Pahm et al. (2014).
Table 2. Determined crude protein and amino acid composition of rice, rye and barley
Protein source
Item
Crude protein
-1
(g.kg DM)

Rice

Rye

Barley

76.88

153.13

141.25

-1

Cysteine
Histidine
Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Threonine
Tyrosine
Valine
Calculated value (%)
Lys : CP

Indispensable amino acids (mg.g CP)
14.9
13.6
31.2
22.5
44.3
28.5
93.5
65.1
40.5
36.5
23.1
11.5
54.6
44.5
36.7
33.1
29.5
23.0
62.8
42.1
4.05

3.65
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23.7
30.3
64.5
33.5
16.7
45.9
34.0
33.6
43.9
3.35
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Mean data on true faecal protein digestibility as well as standardized ileal digestibility of
amino acids are summarized in Table 3. Significant differences (P < 0.05) in both protein and
amino acids digestibility among the rice and other cereals (rye and barley) were found.
The lowest values of both protein and amino acid digestibility among the tested protein
sources were found in rye which was due to the ability of arabinoxylans to form highly
viscous solutions, interfering with digestion or absorption along the alimentary tract
(Jondreville et al., 2001). A similar effect has been attributed to mixed-linked beta-glucans of
barley (Graham et al., 1989). The comparison of true fecal protein digestibility with the mean
ileal amino acid digestibility (Table 3) showed that the fecal digestibility is not a good
predictor of ileal digestibility because the estimated values were greater than those of ileal
digestibility which suggesting an overestimation of protein quality determined by means of
PDCAAS. Similar results were reported by other authors (Moughan and Donkoh, 1991;
Darragh and Hodgkinson, 2000).
Table 3. Coefficients of true fecal digestibility of crude protein and standardized ileal digestibility of AA
(%) in pigs fed diets containing various protein sources
Protein source
Rice

Rye

Barley

True fecal digestibility
Crude Protein

95.5 ± 3.2

b

86.0 ± 3.3

a

86.5 ± 2.6

a

Standardized ileal digestibility
Weighted AA mean

92.9 ± 2.1

b

75.7 ± 3.4

a

80.7 ± 3.6

a

Significance of fecal protein digestibility vs. mean ileal AA digestibility
P-value

0.119

<0.001

0.010

Values are expressed as means ± SD
a,b
Means within a row not sharing a common superscript were significantly different
Tukey HSD test, P<0.05.

Table 4. Calculation of protein digestibility-corrected amino acid score and digestible indispensable
amino acid score of protein sources
Amino acid
PDCAAS DIAAS
His
Ile
Leu Lys SAA AAA Thr Val
(%)
(%)
1
Reference pattern
15
30
61
48
23
41
25
40
Protein digestibility-corrected reference amino acid ratios

2

Rice

1.98

1.41

1.46

0.81

1.57

1.96

1.40

1.50

81

Rye

1.29

0.82

0.92

0.65

0.94

1.42

1.14

0.91

65

Barley

1.37

0.87

0.91

0.60

1.27

1.68

1.18

0.95

61

Digestible amino acid reference ratios
Rice
1.93 1.41 1.45

0.79

1.55

1.81

1.35

1.49

79

Rye

1.12

0.71

0.85

0.56

0.83

1.24

0.95

0.79

56

Barley

1.25

0.86

0.88

0.55

1.25

1.52

0.98

0.92

55

3

1

FAO (FAO, 2013) reference amino acid pattern for adults, mg.g-1 protein.
2
Ratios of amino acids(mg.g-1 crude protein) corrected for true fecal digestibility to FAO (FAO, 2013) reference pattern.
3
Ratios of amino acids (mg.g-1 crude protein) corrected for ileal digestibility to FAO (FAO, 2013) reference pattern.
SAA - sulfur amino acids; AAA - aromatic amino acids.

The calculations of PDCAAS and DIAAS values are shown in Table 4. In both cases, quite
large differences in protein quality measures were found. Calculated PDCAAS values were
generally higher than the DIAAS values, especially for the poorer quality proteins - rye and
barley in comparison with rice. These findings were due primarily to the degree of deficiency
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of the first-limiting amino acid, which was lysine, in all tested samples and also its various
ileal digestibility in rice, rye and barley (94.1, 73.2 and 79.4% respectively).
The comparison of PDCAAS and DIAAS values showed that both methods gave the same
results as for ranking proteins in terms of their quality. However, the absolute values differed.
The values of DIAAS were considerably lower than the PDCAAS values. Differences
between them tended to increase with decreasing ileal amino acid digestibility. These results
suggest that protein quality evaluation based on the ileal digestibility of amino acid - DIAAS
are more reasonable estimates of their bioavailability than PDCAAS.

CONCLUSIONS
The values of PDCAAS for rice, rye and barley (81, 65 and 61%) were generally higher than
that of DIAAS (79, 56 and 55%), especially for the poorer quality proteins - rye and barley in
comparison with rice. All tested parameters were greatest in rice.
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ABSTRACT
Humans are daily exposed to acrylamide (AA) through the diet. It is formed in Maillard reactions, in
which amino acid, asparagine, reacts with reducing sugars at temperature above 120°C. Aim of the
present study was to investigate if single oral AA aplication affected the ratio of neutral to acidic
mucins in rat colon goblet cells taking in account that gastrointestinal mucins produced by goblet cells
play a significant role in the maintenance of mucosal homeostasis.
Animals were gavaged with different AA concentrations (0, 25, 50 mg/kg/day) on 23rd postnatal day
and sacrificed after 24 or 72 h. Colon tissue samples were processed for routine paraffin embedding
and PAS-AB staining protocol.
Our results revealed that single oral AA application changed the ratio of neutral to acidic mucins in rat
colon goblet cells and consequently affected the homeostatic maintenance of the colonic mucosa
which can lead to colon health problems.
Keywords: acrylamide, colon, goblet cells, mucins

INTRODUCTION
Humans are exposed to acrylamide (AA) from industrial production, water treatment,
cigarette smoking (Smith et al., 2000) and diet (Tareke et al., 2002). AA is formed naturally in
many plant-based, high-carbohydrate foods when they are beaked and fried (bread, French
fries, coffee, almonds, cereals). AA is formed in Maillard reactions, in which amino acid,
asparagine, reacts with reducing sugars at temperature above 120 °C. Human exposure to
AA through diet occurs throughout life, begining with in utero exposures (Schettgen et al.,
2004), continues in infants via breast milk (Sörgel et al., 2002) and baby food (Fohgelberg et
al., 2005) and lasted during the lifetime since numerous food items contain AA. AA is a
proven carcinogen in animals, it is also known to be a neuro- and reproductive toxicant.
Toxic effects of AA were evaluated by IARC (IARC, 1994) who classified AA as probable
human carcinogen – Class 2 . Epidemiological studies of human industrial and accidental
exposures to AA suggest that the nervous system is the main site of toxicity in humans (US
EPA, 2010). Gastrointestinal mucins produced by goblet cells play a significant role in the
maintenance of mucosal homeostasis. Mucins can be classified by their histochemical
properties into neutral and acidic mucins, which are further categorized into sialomucins and
sulfomucins (MacAdam, 1993).
The physical state of the mucus and change in the concentration of secreted mucins is
strong dependent of environmental factors. AA molecules pass the intestine cell monolayer
by passive diffusion (Schabacker et al., 2004) and are rapidly absorbed to high degree (Zödl
et al., 2007). Aim of the present study was to investigate if single oral dose of AA affected the
ratio of neutral to acidic mucins in rat colon goblet cells.
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MATERIAL AND METHODS
Male Wistar rats used for the experiments were bred and raised in the Animal Facility of the
Faculty of Sciences, University of Novi Sad. Animals were housed in plastic cages under
laboratory conditions at 22±2 °C and subjected to a controlled photoperiod (12 h light/dark
cycle, lights on at 7 A.M.). Pelleted food and tap water were provided ad libitum. The
investigation was made with the permission of the Ethical Committee on Animal Experiments
of the University of Novi Sad, Serbia (permission No IV-2010-01).
Acrylamide (Sigma-Aldrich Chemie GmbH, Taufkirchen Germany) dissolved in distilled water
was administered, by oral dosing in morning hours. Animals were gavaged with different AA
concentrations (0, 25, 50 mg/kg/day) on 23rd postnatal day and sacrificed after 24 or 72 h.
The control group received pure distilled water, also by gavage.
Colon tissue samples were processed for routine paraffin embedding and PAS-AB (Merck,
Darmstadt, Germany) staining protocol. Acidic mucins were stained blue and neutral mucin
magenta, while purple colour was obtained when both neutral and acidic mucins were
homogeneously present within the same goblet cell.
Semi-quantitative method was used for goblet cells analysis distinctively for upper (UCP) and
lower crypt part (LCP). The numerical values from 0 to 5 (0 - absent, 1 - rare, 2 - small
amount, 3 - moderate, 4 - high amount, 5 - great amount) correspond to an increasing mucin
amount and were used for mucines approximations.
The analysis of variance (one-way ANOVA) with the Fisher LSD (least significant difference)
post-hoc test was used for the statistical analysis of the obtained numerical data. The p
values less than 0.05 were considered significant.

RESULTS AND DISCUSSION
Goblet cells have the ability to respond to a broad range of intestinal insults by means of
changes in mucin production and secretion. They can discharge mucins in response to a
wide variety of stimuli: nerve activation, inflammatory mediators and bioactive factors.
Mentioned properties of goblet cells indicates that these cells are important first-line
defenders of the mucosa (Deplancke and Gaskins, 2001).
The stability of mucus layer is essential in preserving the integrity of the intestinal epithelium.
The disruption in the intestinal homeostasis results in the defective mucus barrier with
increased permeability that results in inflammation and injury of the intestinal mucosal cells
(Liévin-Le Moal and Servin, 2006; McGuckin et al., 2009). Studies have shown that dietary
factors may affect goblet cell number and mucin heterogeneity (McCracken et al., 1995;
Sharma et al., 1995) and also modulate the secretory activity of these cells
(Satchithanandam et al., 1990).
Chemical irritants when applied to the luminal surface of the mucosa, have been shown to
elicit local mucus release from goblet cells (Greval and Mahmood, 2009).
Our acute AA treatments reveal that in UCP, in 24 h experiment, AA lead to dose-dependent
increasment, since in 72 h experiment AA aplication resulted in dose-dependent reduction of
neutral to acidic mucin ratio (Table 1). Our results revealed that in UCP the 24 h acute
treatment decreased amount of acidic mucin and increased the amount of neutral mucins,
while in the 72 h acute treatment inverse findings was noticed. It has been demonstrated that
the acidic mucins form a better barrier against bacterial translocation than the neutral mucins
(Deplancke and Gaskins, 2001). The lower amount of goblet cells with neutral mucins may
be a reference for a greater maturity of the intestinal mucins in presence of AA regarding that
AA may decreased dividing potential of goblet cells. In small intestine was shown that AA
significantly decreased number of proliferating cells and mitotic number in crypt epithelium
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whereas apoptotic cell number was increased (Dobrowolski et al., 2012; Tomaszewska et al.,
2014).
Changes in neutral to acidic mucin ratio in LCP were not in a dose-dependent manner (Table
1). After 24 h experiment AA changed the ratio of neutral to acidic mucin only in high-dose
group compared to the control. In 72 h acute experiment, in low-dose group, AA lead to
increasment, and in high-dose group to reduction of neutral to acidic mucin ratio.
Table 1. The ratio of neutral mucins to acidic mucins after 24 h and 72 h acrylamide treatment. Semiquantitative analysis.
Eksperimental group
24 h experiment
Control
25 mg/kg AA
50 mg/kg AA
72 h experiment
Control
25 mg/kg AA
50 mg/kg AA

Mucin type

Upper crypt part

Lower crypt part

neutral / acidic
neutral / acidic
neutral / acidic

0.56
0.67
0.80

0.11
0.11
0.20

neutral / acidic
neutral / acidic
neutral / acidic

0.72
0.59
0.50

0.06
0.09
0.05

Our previous work (Koledin et al., 2016) showed that subchronic AA treatment also changed
the ratio of neutral to acidic mucins. According our results AA, after subchronic treatment,
reduced sinthesis of MUC2, the major colon secreted mucin, also the PAS-positive mucins,
sialomucins and sulfomucins. AA affected both protein component of mucins and glycans
linked to peptide backbone. Further, results of our study point to changes in rat colon wall
morphology regarding AA treatment (Koledin, 2016). We found that AA has
immunosupresive effects on colon immune cells after subchronic treatment, while acute AA
treatmen lead to accumulation of eosinophils and lymphocytes. AA also has negative effect
on hepatocytes, as a primary site of its metabolism in the body (Kovac et al., 2015).
In the normal colonic mucosa, the ratio of acidic to neutral mucins remains constant
throughout the digestive tract (Deplancke and Gaskins, 2001). Since in our acute
experiments single oral AA dose changed the ratio of neutral mucins to acidic mucins we can
conclude that AA affects mucins exocytosis from goblet cells which further may affects colon
health.

CONCLUSIONS
Considering facts of mucins sensitivity on different stimuli and our findings that single oral
dose of AA can change the rate of mucin exocytosis we deduce that AA is one of the
important environmental factors which affects colon mucus homeostasis.
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ABSTRACT
Mycotoxins are recognized as worldwide concern since those contaminants may potentially affect
human and animal health and could also be a cause of great economical losses. Presence of
mycotoxins in cereal crops is mainly associated with weather conditions throughout the cereal growth
period.
Therefore, the aim of this study was to investigate the influence of weather conditions during maize
growing season in year 2012 and 2014 on mycotoxins occurrence. Every year after harvest 100 maize
samples were collected from the main maize growing regions in Republic of Serbia.
Content of aflatoxins (AFs), ochratoxin A (OTA), zearalenone (ZEA), deoxynivalenol (DON) and
fumonisins (FUMs) were determined by validated Enzyme Linked Immunosorbent Assay (ELISA)
method.
Analysis showed that 72%, 22%, 4% and 100% of examined maize samples from 2012 maize growing
season were contaminated with AFs, OTA, DON and FUMs, respectively. None of the maize samples
from 2012 year was contaminated with ZEA. Contrary to this, none of the maize samples from 2014
year was contaminated with AFs and OTA, while ZEA was detected in 85%, DON in 95% and FUMs in
72 % of examined maize samples.
The findings obtained in this study indicate significant differences in the occurrence of examined
mycotoxins in maize samples harvested during the two different years. Recorded weather conditions
parameters indicate that maize growing season in 2012 year was characterized by extreme drought
while maize growing season in 2014 year was the rainiest since meteorological observations exist in
Serbia. Therefore, higher air temperatures and lack of rainfall in 2012 were favorable for the growth of
Aspergillus species and AFs synthesis. However, rainy conditions resulted in appearance of ZEA and
DON in maize from year 2014. It should be noted, that even though weather conditions in 2012 and
2014 year were significantly different, presence of FUMs was observed in maize samples from the
both years.
The obtained results indicate that weather condition changes noted during 2012 and 2014 maize
growing season had a great influence on the presence or absence of certain mycotoxins in maize.
Keywords: weather conditions, mycotoxins, maize

INTRODUCTION
Mycotoxins are a chemically diverse group of fungal secondary metabolites that can
contaminate different agriculture commodities. The most important mycotoxins are aflatoxins
(AFs), ochratoxin A (OTA), zearalenone (ZEA), trichothecenes (especially deoxynivalenol,
DON) and fumonisins (FUMs). Their presence in food and feed chain may potentially affect
human and animal health and cause great economical losses (Pitt, 2000). AFs represent one
of the most known group of mycotoxins mainly produced by Aspergillus species. They are
highly toxic, mutagenic, teratogenic and carcinogenic compounds and International Agency
for Research on Cancer included AFs in the first group as primary carcinogenic compounds.
OTA is mainly produced by Aspergillus ochraceus and Penicillium verrucosum and its
presence in food chain may cause urinary tract cancer and kidney damage (IARC, 1993).
Furthermore, FUMs, ZEA and DON are mainly produced by Fusarium sporotrichioides, F.
verticillioides, F. proliferatum, F. culmorum and F. graminearum (Placinta et al., 1999).
Among three identified FUMs, fumonisin B1 (FB1) is the most prevalent with proven
immunotoxic, hepatotoxic, pneumotoxic and nephrotoxic effect (IARC, 1993). Further, ZEA
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as estrogenic toxin may cause different changes in the reproductive systems, while DON has
immunotoxic effect and may affect changes in brain neurochemicals (CAST, 2003). Based
on limited data and evidence in humans and experimental animals, DON and ZEA were
classified in group 3 by International Agency for research on Cancer (IARC, 1993), while
OTA and FB1 were classified in group 2B as possible carcinogenic compound to humans
(IARC, 2002).
Maize, as starch-based material, represents good substrate for fungal growth and
toxinogenesis (Trung et al., 2008). Mycotoxins are one of the most frequent contaminants of
maize which can contaminate maize during growth, harvest, storage, transport and
processing (Bankole and Adebanjo, 2003). In general, presence of mycotoxins in maize
depends on several factors: agronomic factors (type of hybrid, soil, tillage and previous crop),
weather conditions during maize growing season, storage conditions (temperature, humidity,
handling, presence of insects, rodents and birds) as well as storage time (Hell et al., 2000).
Furthermore, some authors indicate that weather conditions (mainly air temperature and
amount of precipitation) represent factors with the strongest influence on the occurrence of
mycotoxins in maize (Sanchis and Magan, 2004; Van der Fels-Klerx et al., 2013).
During the recent years Republic of Serbia represents a leader in terms of maize production
and exports in Europe and among the top ten exporters in the world. Furthermore, it should
be pointed that in Serbia maize is mainly used as a component of animal feed (80%) as well
as for human consumption and starch production (Maslac, 2015).
Since presence of mycotoxins in maize may potentially affect human and animal health and
cause great economical losses, maximum residue levels (MRL) have been established in
numerous countries over the world. The regulation of Serbia (Serbian Regulation, 2011) on
the control of mycotoxins in food was harmonized with the Regulation (European
Commission, 2006b) of European Union (EU) and adopted in 2011. Until then, maize
intended for human consumption in Serbia had to be tested only for presence of AFs and
OTA. According to the new Serbian and EU Regulation, MRL for AFs, OTA, ZEA, DON and
FUMs in unprocessed maize intended for human consumption are 10, 5, 350, 1750 and 4000
µg/kg, respectively. Furthermore, if maize is intended for animal feed, concentration of AFs,
OTA, ZEA and DON cannot be greater than 30, 250, 4000 and 8000 µg/kg, respectively
(Serbian Regulation, 2010). According to Serbian Regulation (2010) MRL for FUMs in maize
for animal consumption is not declared. This Regulation is not completely harmonized with
European Commission (2006a). The main differences is observed in MRLs for AFB1, ZEA
and FUMs which are 30, 2000 and 60000 µg/kg, respectively.
In addition, it is known that mycotoxins are stable compounds that cannot be destroyed
during most of the maize processing operations, therefore presence of mycotoxins in maize
could result in their presence in feedstuffs as well as in food of animal origin (Kos et al.,
2014).
Based on everything stated above, the aim of this study was to monitor the presence of
mycotoxins in maize and to investigate the influence of weather conditions during two maize
growing seasons on the occurrence of mycotoxins in maize.

MATERIAL AND METHODS
Two hundred maize samples were collected after harvest in year 2012 and 2014. Maize
samples were taken from the main maize growing areas in the Republic of Serbia. Sampling
was performed according to EU requirements (European Commission, 2006a) in order to
overcome irregular mycotoxins distribution.
Determination of AFs, OTA, ZEA, DON and FUMs was performed by Enzyme Linked
Immunosorbent Assay (ELISA) method using test kits produced by Neogen Corporation
(Neogen Veratox®, Lansing, USA). Mycotoxin concentrations were determined according to
the manufacturer´s procedure. Except for the contents of the test kits, methanol and ethanol
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of analytical purity (Merck, Darmstad, Germany) as well as distilled water (Millipore,
BedFord, MA, USA) were chemicals used for ELISA method.
Limits of quantification (LOQ) for AFs, OTA, ZEA, DON and FUMs were 1, 2, 25, 250 and
500 µg/kg, respectively. Applied ELISA methods were validated in accordance with
European Official Decision procedure (European Commission, 2002) and obtained validation
parameters were in compliance with recommendations given in Regulation 2006/401/EC
(European Commission, 2006a). Furthermore, analytical quality of methods is assured by
participation in numerous interlaboratory studies.

RESULTS AND DISCUSSION
The occurrence of investigated mycotoxins (AFs, OTA, ZEA, DON, FUMs) in 200 maize
samples collected from maize growing seasons in 2012 and 2014 are shown in the Figure 1.
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Figure 1. The occurrence of AFs, OTA, ZEA, DON and FUMs in maize samples harvested
in 2012 and 2014

As can be seen from the Figure 1, the obtained data indicate significant differences in the
occurrence of examined mycotoxins in samples collected from different years. Total of 72
samples from 2012 year contained AFs in concentration range from 1.22 to 102.8 µg/kg,
while none of the examined maize samples from 2014 was contaminated with AFs.
Regarding the presence of OTA in maize from year 2012 and 2014, 22 and none maize
samples were contaminated, respectively. The average OTA concentration in contaminated
samples from 2012 year was 4.67±.2.85 µg/kg. None of the examined maize samples from
2012 were contaminated with ZEA while 85 samples from 2014 contained ZEA in
concentration range from 25.2 to 2002 µg/kg. Significant differences were also noted in terms
of DON contamination. In maize samples from maize growing season 2012, DON was
determined in 4 samples, while 95 samples from 2014 year contained DON. Furthermore,
the obtained results indicate that average DON concentration (537.1±165.6 µg/kg) from year
2012 was significantly lower than average concentration (1876±1225 µg/kg) in samples from
year 2014. Among all investigated mycotoxins, only FUMs were detected with high
contamination frequency in maize from both years. Total of 100 maize samples from 2012
year were contaminated with FUMs in concentration range from 515.2 to 6020 µg/kg, while
72 samples from 2014 year contained FUMs in concentration from 512.5 to 8034 µg/kg.
Regarding the contaminated maize samples from year 2012, 51%, 1% and 3% contained
AFs, OTA and FUMS in concentration greater than MRLs declared for maize intended for
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human consumption, respectively. Furthermore, 27% of analyzed maize samples were
unsuitable for animal consumption since concentration of AFs was higher than 30 µg/kg.
Furthermore, 42%, 65% and 30% of analyzed maize samples from year 2014 contained
ZEA, DON and FUMs in concentration higher than MRLs.
The findings obtained in this study indicate significant differences in the occurrence of
examined mycotoxins in maize samples harvested during two different maize growing
seasons. Presence or absence of mycotoxins in maize from different years could be
explained with unusual weather conditions. Even though climate conditions in Serbia can be
described as moderate-continental, in the recent years significant weather condition changes
were recorded. Therefore, weather conditions parameters (air temperatures and amount of
precipitation) for period of maize planting, growing and harvesting (April-September) in 2012
and 2014 were examined in order to investigate their influence on mycotoxins occurrence in
maize samples. The data in the Figure 2 shows monthly average values of air temperatures
(a) and amount of rainfall (b) in Serbia for the period from April to September in comparison
to average values of these parameters for the long-term period (1981-2010) (Republic
Hydrometeorological Service of Serbia, 2012; 2014).
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Figure 2. Monthly average temperatures (a) and amount of rainfall (b) in 2012 and 2014
(April-September) in comparison with average values for the period 1981-2010

As can be seen (Figure 2, a) monthly average values of air temperatures in year 2012 were
considerably higher than values for the same months in the long-term period (1981-2010).
Higher air temperatures were especially pronounced during the period of four months (JuneSeptember), in which monthly average air temperatures were higher from 2.5 to 3.7 °C than
average values. However, monthly average values of air temperatures recorded in 2014 year
were similar or slightly higher than values for the same months in the long-term period (19812010).
Furthermore, in terms of amount of precipitation, 2012 and 2014 were significantly different in
comparison to long-term period. Recorded low and high amount of precipitation during
investigated maize growing seasons indicate that 2012 and 2014 years were characterized
as extremely drought and extremely rainy, respectively.
Presence or absence of some mycotoxins in maize from different maize growing seasons
could be explained by the fact that mycotoxins production is affected by several
environmental factors, particularly air temperature (T) and water activity (aw). Moreover,
investigated mycotoxins are produced by different fungi which require different conditions for
their growth and mycotoxin synthesis.
According to literature data, growth of Aspergillus species and AFs production are favored by
hot and dry weather conditions during the maize growing season and harvest. The optimal
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temperature interval for A. flavus is from 25 °C to 42 °C, while it can grow under dry
conditions with water activity value of 0.78 (Santin, 2005). Therefore, drought conditions
characterized by high air temperatures and lack of rainfall during maize growing season 2012
were favorable for A. flavus growth and AFs synthesis. Contrary to this, none of the
examined maize samples from 2014 year were contaminated with AFs since rainy weather
conditions were not suitable for A. flavus growth and AFs synthesis.
Furthermore, presence of OTA in maize from 2012 and absence in samples from year 2014
could be explained by the fact that Aspergillus ochraceus is a xerophilic spoilage fungus
which very often produces OTA in maize under temperate and tropical conditions (Lee and
Magan, 2000).
Regarding ZEA and DON, noticeable differences were shown between their presences in
maize samples from two years. Magan and Lacey (1984) reported 20-25 °C and 0.98-0.995
as the optimal values of temperature and aw value for the growth of Fusarium species which
produce ZEA and DON. Therefore, recorded drought conditions during maize growing
season 2012 influenced absence of ZEA, while DON was detected in only 4 samples in the
concentration range from 350 to 720 µg/kg. However, weather conditions in maize growing
season 2014 were favorable for the growth of certain Fusarium species and synthesis of ZEA
and DON. Average amount of precipitation during maize growing season 2014 was around
700 mm, and based on this fact it represents maximum recorded value since meteorological
observations exist in Serbia. Such high amount of precipitation was associated with an
increase in the amount of moisture in the grain which resulted in ZEA and DON occurrence
in 85 and 95 maize samples. Even though significant differences were noted between
weather conditions in 2012 and 2014, FUMs were detected in maize samples from the both
years. Higher air temperatures and lack of rainfall recorded during 2012 year influenced
presence of FUMs in all 100 examined maize samples, while abundant precipitation in 2014
resulted in FUMs occurrence in 72 samples. Based on these results, it could be assumed
that maize in Serbia could become liable to problems concerning FUMs.
The findings obtained in this study regarding the influence of weather conditions on the
occurrence of mycotoxins in maize are in compliance with findings from several previous
studies (Abbas et al., 2002; Logrieco et al., 2002; Karami-Osboo, 2012; Van der Fels-Klerx et
al., 2013). Those studies mainly confirmed that higher contamination frequency of ZEA and
DON in maize is characteristic for years with abundant precipitation and lower air
temperature, while presence of AFs, OTA and FUMs are characteristic for warmer and drier
years. Even though findings from numerous studies indicate that depending on the climatic
conditions some mycotoxins are typical for certain regions, climate changes in the recent
years influence presence of different mycotoxins in different years in the same region.
Therefore, it can be concluded that occurrence and prevalence of mycotoxins may be
variable from year to year.
Beside the impact on mycotoxins presence in maize, weather conditions also have influence
on maize yield. Extreme drought conditions recorded during maize growing season 2012
influenced reduction in maize yield (3.9 MT/ha) with great consequences in economic loses
(Maslac, 2013). However, a large amount of rainfall in year 2014 influenced increases of
maize yields to record maximum of 7.7 MT/ha (Maslac, 2015).

CONCLUSIONS
From the obtained results it can be concluded that weather condition changes noted during
2012 and 2014 maize growing season had a great influence on the presence of certain
mycotoxins in maize. Therefore, maize as one of the major crops grown in Republic of
Serbia, should be continuously monitored in order to protect the population from risks
associated with mycotoxins contamination.
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ABSTRACT
As the result of effects arising from climate changes, global trade and technological changes in the
processing industries, high emergence of mycobiota and mycotoxins in small grains presents a
serious health risk for both humans and animals. The occurrence and frequency of Aspergillus flavus
on grain samples of Triticum aestivum ssp. vulgare was investigated during the wheat harvest period
in 2015. The incidence of A. flavus amounted up to 2% of wheat samples, with the frequency of 40%.
TLC and HPLC were applied in order to determine toxigenic profiles of A. flavus isolates from wheat
grains. Qualitative detection of the aflatoxin B1 (AFB1) producing ability was examined by TLC, while
quantitative determination of AFB1 was done by HPLC. The results of this investigation showed that
two isolates of A. flavus (12 and 201) had the toxigenic potential for the AFB1 biosynthesis after 14 and
21 days of cultivation on Yeast Extract Sucrose Agar (YESA) at 25°C in dark. The present study
indicates the need for continuous monitoring of the aflatoxin producing abilities and emergence of A.
flavus in the field, as well as during storage and processing of wheat grains.
Key words: Aspergillus flavus, toxigenic potential, aflatoxin B1, wheat

INTRODUCTION
The fungal secondary metabolites, such as aflatoxins, are food contaminants regulated by
European food safety laws (EFSA, 2007). Aflatoxins are classified as primary carcinogenic
compounds (IARC, 2002) and its presence in food is considered to be one of the most
serious safety problem in the world. Both humans and animals are exposed to such risks
when they consume aflatoxin-contaminated foods (Hedayati et al., 2007). Aflatoxins are
produced by several species of the genera Aspergillus, meanly by Aspergillus flavus and A.
parasiticus. These fungi and their toxins may contaminate cereal grains at pre- and postharvest stages (Choudhary and Kumara, 2010). Presence of aflatoxins is reported in several
agricultural crops, mainly maize, peanuts, pistachio nuts and cottonseeds (CAST, 2003;
Atanda et al., 2012). The few studies published on wheat (Man et al., 2011; Alkardi et al.,
2014; Iqbal et al., 2014) indicated very low aflatoxin contamination, so far, aflatoxins are of
minor concern in this crop and its derived products.
Conditions that affect toxin production include fungal strain variation, genetic susceptibility of
the host plant or commodity, moisture content, commodity composition, temperature,
aeration, microbial population and stress factors (Bryden, 2009). Undoubtedly interaction
between these factors influences contamination of staple foods as well as toxins production.
Aspergillus species are most prevalent in subtropical and tropical regions where temperature
and humidity conditions are suitable for the growth of mycobiota and toxins production (Cotty
and Jaime-Garcia, 2007). Changes in climatic conditions, however, caused its more frequent
occurrence on cereal crops in temperate regions of Europe and a higher incidence of its toxic
metabolites. Recently, the frequency and incidence of A. flavus was described in crop
kernels from Serbia in the period 2008-2012 (Lević et al., 2013). Because of hot and dry
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summer weather, the high emergence of Aspergillus species particularly occurred in 2012.
Until the few years ago, aflatoxins have not been concerned as a matter of concern for
primary production in Serbia. However, the year 2012 must be mentioned, because of the
alarming contamination of maize with aflatoxins (Kos et al., 2013). Jajić et al. (2015)
examined the presence and the content of aflatoxin in poultry feed samples from two years
period (2013-2014). The obtained aflatoxin occurrence may lead to a conclusion that the high
aflatoxin content during 2013 was a result of favourable agricultural conditions for the
development of these fungi and toxin production.
The possible change in pattern of aflatoxin occurrence in crops due to climate change was
investigated in several studies recently (Battilani et al., 2016; Gilbert et al., 2016; Wu and
Mitchell, 2016). Based on these studies, ecological distribution of A. flavus on crops and
likely result in higher levels of aflatoxin contamination are significantly impacted by nearfuture climate conditions such as increased temperatures and drought conditions. Therefore,
it is necessary to characterize the mycobiota of wheat and its varieties under the different
environmental conditions of this region. The objective of this investigation was to isolate and
identify the potentially aflatoxigenic A. flavus from wheat grains harvested in 2015.

MATERIALS AND METHODS
Microorganisms. A potential for in vitro production of aflatoxin B1 (AFB1) was tested by
using Aspergillus flavus strains isolated from the samples of wheat grains. Wheat samples
are collected during the harvest period (June-July, 2015) in the region of Vojvodina (Northern
Province of Serbia). Isolations and identifications of fungi were performed according to Lević
et al., (2012a). Cultures obtained from growing colonies on DG 18 - Dichloran 18% Glycerol
agar (Himedia, India) were transferred individually on PDA - Potato Dextrose Agar (Himedia,
India) for further purifications and identifications. In order to determine individual species of
Aspergillus genera, fragments of the colonies developed on PDA were transferred to
Aspergillus flavus and parasiticus agar - AFPA and Czapek’s agar - CZA. All cultivations,
except on AFPA, were performed 7-14 days at 25 °C. On AFPA, selective medium for the
identification of species from A. flavus group, cultivations were done at 30°C for 3 days.
Determinations of fungal genera and species were done according to Nelson et al. (1983)
and Samson and van Reenen-Hoekstra (1988). The frequency (F) and incidence (I) of
mycobiota were calculated according to Lević et al. (2012a): F (%) = [Number of infected
samples/Total number of samples] x 100; I (%) = [Number of infected kernels in the
sample/Total number of kernels in the same sample] x 100. Before the inoculation on a
medium for mycotoxin biosynthesis stimulation, the same isolates were sub-cultivated for 7
days at 25 °C on 15 ml PDA.
Qualitative screening procedure for aflatoxin B1 biosynthesis. The chosen fungal
isolates were incubated on Yeast Extract Sucrose Agar (Samson and van ReenenHoekstra,1988),15 ml per Petri dish for 4 weeks at 25 °C in dark. The toxigenic potential of
the isolates was determined after 14, 21 and 28 days of cultivation. Fungal toxigenicity was
originally tested by the simple TLC screening method (Bočarov-Stančić et al., 2009). All
qualitative analyses were done in three replications.
Quantitative confirmation of aflatoxin B1 biosynthesis. Positive results obtained by the
TLC screening method were confirmed by the use of High Performance Liquid
Chromatography (HPLC) method. Sample preparation was carried out on MycoSep® (Romer
Labs. Inc., Union, MO, USA) clean up columns, according to the manufacturer procedure,
with some modifications. The modification consisted of the change in the extraction
procedure: 10 g of YESA overgrown by a particular fungal strain was extracted with 50 ml of
a chloroform-methanol solution (2:1 v/v) for 30 min on a magnetic stirrer. After filtration, 40 ml
of the obtained extract was evaporated to dryness under a nitrogen stream at 50 °C. The dry
residue was afterwards dissolved in 40 ml of an acetonitrile-water solution (84:16 v/v)
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afterwards and kept at 4°C - 6°C (not more than 7 days) until the purification of extracts with
the MycoSep® columns was done. Aflatoxin quantities in standards and samples were
determined using HPLC with fluorescent detection. After injecting 20 µl of sample/standard,
aflatoxins were separated on a Hypersil ODS C-18 column with a water:acetonitrile (75:25,
v/v) mobile phase at flow rate of 1 ml/min. Column temperature was 40 °C. Fluorescence
detection was done at excitation wavelength of 365 nm and emission wavelength of 440 nm.
Total run time was 10 min.

RESULTS AND DISCUSION
The wheat samples collected from the region of Vojvodina (Northern Province of Serbia)
were analyzed for the presence of fungal genera in grain harvested in 2015 (Krulj et al.,
2016). The frequency and incidence of mycobiota in the wheat grain samples are shown in
Figure 1.
The predominant fungal genera isolated from these samples was Alternaria, which amounted
to 100% frequency, and 41.7% incidence. According to our findings, F. graminearum
(frequency 100%, incidence 13.2%) was predominant Fusarium species on wheat grains,
while other two identified species F. poae and F. sporotrichioides amounted to only 20%
frequency and 1.0% incidence. Similar results were reportwd by Stanković et al., (2007).
These authors found that species of the genus Fusarium have been most frequently isolated
mycobita from maize and wheat grain in Serbia. Other less abundant fungal contaminants
included non-sporulating Dematiaceous Hyphomycetes, the sporulating ones (Gilmaniella
humicola, Trichocladium pyriforme, Stemphylium spp. and Ulocladium spp.).

Figure 1. Frequency and incidence of fungal genera on the wheat grains

The results of microbiological analyses of wheat grain samples are in accordance with
previously published results of other Serbian authors (Stojanović et al., 2005; Krnjaja et al.,
2011; Lević et al., 2012b).
Under favourable agricultural conditions A. flavus might cause high infection frequencies of
grains in the field, although it is mostly considered as a storage fungus (Lević et al., 2013).
Analysing results of wheat mycobiota it is noticeble the low A. flavus infection, which has
reached 2% incidence with the frequency of 40%. Frequency of A. flavus contamination in
this study was approximately similar to those found in the study of Stojanović et al. (2005).
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Despite low incidence distribution on wheat samples, it could significantly influence
mycotoxicological profile of the wheat. It should be taken into account that aflatoxin B1, main
agriculturally-important fungal metabolite, is the most frequent and most potent toxin. When
testing in vitro production of AFB1 by A. flavus isolated from wheat grains, it was found that
two isolates (12 and 201) had toxigenic potential for the AFB1 biosynthesis after 14 and 21
days of cultivation on YESA at 25 °C (Table 1). The AFB1 was not detected in any isolate
after 28 days of cultivation. HPLC quantification confirmed the results obtained by the TLC
method. The presence of AFB1 in the growth media after 21 days showed that isolates 1 2
and 201 biosynthesized AFB1 in quantities 0.14 µg g-1 and 0.21 µg g-1, respectively (Table 1).
Table 1. Production of aflatoxin B1 by A. flavus isolates on YESA at 25 °C

201

The toxigenic potential of Aspergillus flavus
TLC
HPLC
14 days
21 days
28 days
21 days
-1
+
+
0.14 µg g
-1
0.21 µg g
+
+
-

202

-

Isolates
designation
12
73

-

-

„+“- low intensity of biosynthesis; „-“- no biosynthesis

Informations on the toxigenic potential of A. flavus isolated from wheat grains is scant, while
the results for ability of biosynthesis AFB1 by A. flavus isolated from other crops are quite
well documented. In the report of Bočarov-Stančić et al, (2009), one out of three A. flavus
isolates originated from crushed oil soybean and different types of fodder, showed the ability
for the production of AFB1 after 14 days cultivated on PDA. Lasram et al. (2016) tested how
is toxigenic potential of A. flavus, isolated from stored barley, affected by different factors
(carbon sources, water activities-aw, temperature and incubation time). A. flavus had an
optimal AFB1 production at 0.95–0.98 aw and 28 °C after 5 days of incubation. According to
Reddy et al. (2011), five A. flavus strains previously isolated from sorghum grains on cereals
(barley, maize, rice, wheat and sorghum), oilseeds (peanuts and sesame) and pulses
(greengram and horsegram) produced AFB1 on all food grains ranging from 0.25 to
15.64 μg g−1. Same authors isolated 85 strains of A. flavus from the discolored rice grains
and tested their AFB1 producing potential on different agar media. Among these, 43 strains
were identified as AFB1 producers (ranging from 0.2 to 40 μg g −1 of agar) (Reddy et al.,
2009). The results for AFB1 yield obtained in our study were lower than those reported for
aflatoxins by mentioned authors, which can also be explained by the different environmental
and nutritional factors. Our present findings (Table 1) are in accordance with previous study
of Saleemi et al. (2010) revealing that the AFB1 producing potential of toxigenic isolates
originated from poultry feed on yeast extract sucrose (YES) medium varied from 0.00157 to
1.9887 μg g−1. Considering the presented results, the isolates of A. flavus originated from
wheat grains express potential for biosynthesis of the AFB1 under certain cultivation. The
ability for production secondary metabolites in vitro can help in the prediction mycotoxin
production in various conditions and substrates and can improve understanding of mycotoxin
biosynthetic pathways in order to develop more effective control measures.

CONCLUSION
The results of this study revealed the necessity for monitoring the toxigenic abilities and
occurrence of A. flavus on small grain in the field and also during the production also,
handling and processing chain of small grain cereals. Despite the low incidence of A. flavus
determined in tested wheat samples, emergence of this fungus and aflatoxin contamination
in grains can negatively affect health factors and it should not be neglected. Climate changes
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and stressful weather conditions (high temperatures and drought) may lead to more frequent
occurrence of Aspergillus species and their toxins in cereals in Serbia and other parts of the
world. Therefore, enhancing food safety is achieved by implementing process-based
standards as well as heightening manufacturer and consumer awareness about safety
related to cereal-based foods.
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ABSTRACT
Virgin olive oil is most often used as salad oil. For other uses, it is recommended that mild heating
temperatures are used. In order to investigate the influence of mild temperatures on the thermal
stability of oil color, three virgin olive oil samples produced in different regions of Libya were analyzed.
Oils were tempered at 63±2ºC during 28 days and the color change was monitored by measuring the
color parameters using CIE L*a*b* and CIE Y- xy systems, determining pigment content, total
carotenoids and chlorophyll content, as well as oil transparency. Tempering of oil contributed to
lowering the content of pigments in all samples and increasing of the lightness (L*-value) and
transparency. Total carotenoids content in the starting oil samples ranged from 0.83 to 0.51 mg/kg,
while total chlorophyll content was 39.50 to 21.10 mg/kg. After 28 days of tempering, the total
carotenoids content in oils dropped to the values of 0.13 to 0.02 mg/kg, while total chlorophyll content
was 0.35 to 4.80 mg/kg. At the beginning of the tempering process, oil transparency was at 20.90 to
34.3%, increasing at the end of the tempering process to the values of 69.5 to 87.4%.
Keywords: color, pigment contents, virgin olive oils, heat tempering

INTRODUCTION
Olive oil has been used since ancient times in the diet of the population of Mediterranean
countries, and even today the World Health Organization recommends the Mediterranean
diet in order to have healthy life. Olive oil has specific fatty acid profile, valuable bioactive
compounds with health-promoting effects, good oxidative stability and others (Boskou, 2015).
Sensory quality of olive oil is particularly important, since it is closely related to the physical
and chemical quality. Despite the existence of many physico-chemical indicators that can be
objectively measured, in the evaluation of the quality of olive oil the advantage is given to
sensory properties. The parameters of sensory quality of olive oil are: aroma, smell and
taste, appearance and lightness, as well as, color. The color of edible oil depends exclusively
on the type and quality of raw material and the oil extraction method (Turkulov et al., 1998).
The color of extra virgin olive oil ranges from green to yellow depending on the chlorophyll
and carotenoids content. Chlorophylls, as carriers of green, and carotenoids, carriers of
yellow color, beside affecting the sensory quality of unrefined oils and the color formation
(Parker et al., 2003; Matthäus and Brühl, 2004), they have impact on other aspects of quality,
such as oxidative stability of oil (Pokorny et al., 1993; Karabagias et al., 2013). In unrefined
oils carotenoids show antioxidant activity (Choe and Min, 2006; Rodriguez-Amaya, 2010;
Dimakou and Oreopoulou, 2012), and recent studies confirmed the antioxidant activity of
chlorophyll, too (Lanfer-Marquez et al., 2005). It is believed that a positive effect of
chlorophyll on the health is manifested through its antioxidant properties, and the importance
of chlorophyll and its derivatives is reflected in the antimutagenic activities (Giuffrida et al.,
2007). Carotenoids in the human body perform important biological functions: reducing the
risk of certain cancers, prevention of coronary-heart disease and degenerative pathology of
the eye, improving the immune system, protection from UV radiation (De Leonardis et al.,
2001; Tuberoso et al., 2007; Dimakou and Oreopoulou, 2012).
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Olive oil is used primarily as salad oil, however, the culinary use of oil is often subjected to
moderate temperatures, accompanied by physical and chemical changes in the quality that is
reflected in the color of the oil. Therefore, the aim of this study was to evaluate color
thermostability of virgin olive oil at moderate temperature.

MATERIALS AND METHODS
Material. Samples of virgin olive oils produced in various olive growing areas of Libya:
Garyan, Tarhana and Mslath were used. Samples of oil have been exposed in the
laboratory oven in contact with air, but without the influence of light, to a temperature of 63±2
°C, according to the methodology described by Pokorny et al. (1985). Individual samples, 50
ml of each oil, were heated for 28 days, and determination of some quality parameters were
carried out periodically, after 2, 5, 7, 9, 14, 21 and 28 days.
Methods. The content of total carotenoids was analyzed by method Minguez Mosquera et al.
(1990), total chlorophyll content, as pheophytin, (Franzke, 1972), and the oil transparency at
455 nm (Turkulov and Dimić, 2000). Color characteristics by CIE L*a*b* and CIE Y-xy
systems (CIE, 1976) were determined using calibrated Minolta Chroma Meter CR-400
(Minolta Co., Ltd., Osaka, Japan) at D-65 light, standard angle of 2° and a head opening of
8mm.

RESULTS AND DISCUSSION
Results of the analysis are shown in Figures 1-6 (all results represent an average of three
individual determinations). Consider the total carotenoid content in the samples, Figure 1
shows that it decreases with the extension of heating time at 63±2 °C.

Figure 1. Change of total carotenoids content in oil samples heated at 63±2 °C

The initial sample from Garyan region was the richest of total carotenoids (0.83 mg/kg), and
their content is slightly decreased until 21 days (0.52 mg/kg). On the 28th day is recorded a
sudden drop to only 0.13 mg/kg, so in the sample is remained only 15.66% of carotenoids
compared to the initial concentration. The initial samples of oil from the region Tarhana and
Mslath recorded less concentration of total carotenoids (Tarhana-0.58 mg/kg and Mslath0.51 mg/kg). In olive oil Tarhana occurs a significant drop in total carotenoids up to 28 days,
to only 0.09 mg/kg (84.48% loss in relation to the initial content). In the sample Mslath
reduction of carotenoids has been the largest and after 28 days they were no longer present
in this sample. There has been probably complete their degradation or oxidation thereby lose
hromanol properties.
Changes of the green pigment contents in olive oil, i.e. chlorophyll are shown in Figure 2. In
the initial samples low content of total chlorophyll was found: from 21.1 mg/kg (sample
Mslath) to 39.5 mg/kg (sample Tarhana) and after 28 days the content of chlorophyll in these
samples decreased to values of 4.8 to 0.35 mg/kg, respectively.
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Figure 2. Change of chlorophyll content in oil samples heated at 63±2 °C

Changes in the content of total pigments during oil heating also reflected on the color
characteristics which are determined by instrumental method. The change results were
analyzed in all samples. Regarding the color lightness parameter (L*), it can be seen that
lightness of oils increases with heating time extension, and it is in direct correlation to the
reduction of pigments (Figure 3).

Figure 3. The color lightness change, L* value in oil samples heated at 63±2 °C

Figure 4. Change of a* values of oil samples heated at 63±2 °C

Regarding the a* and b* values, as the color parameters, it can be concluded that these
values are proportionally changed by subjecting of oil under the test conditions in which the
pigments are lost. Figure 4 shows the change in a* parameter samples correlated with the
time spent under the given test. By exposing the samples to the moderate temperature a*
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value decreases. It can be seen that the sample Mslath has the lowest a* value and has
been characterized as the "greenest" after being subjected to the test.
Observing the color parameter b* (Figure 5) it can be seen that the initial sample Mslath has
the largest b* value, but after the test is completed, its b* value is the smallest. Namely in this
oil after 28 days carotenoids are not found whose presence increases the b* value. In other
samples a decrease of b* values was recorded also.
Figure 6 presents the correlation of oil transparency and the heating time. It is notable that
the transparency of the samples increases significantly with increasing heating time, from
2.55 times as much as it increased in samples Tarhana and Mslath, to 3.32 times which was
the increasing in the transparency of the sample Garyan. The transparency is inversely
proportional to the content of pigments in oil. Thus, the largest transparency is recorded in
the sample that had the smallest pigment content, both before and after being subjected to
the test (Mslath), and the lowest transparency had sample Garyan which contained the
highest pigment content before and after heating.

Figure 5. Chang of b* values of oil samples heated at 63±2 °C

The values of transparency almost linearly increase with heating time, and the correlation
coefficients were in the range of 0.873 (Garyan) to 0.986 (Tarhana).

Figure 6. Correlation of oil transparency and the heating time at 63±2 °C

CONCLUSIONS
Best color quality parameters of virgin olive oil during heating at moderate temperature of
63±2 °C were found in a sample from the Garyan region, while the sample Mslath was the
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less color stable. Initial oil sample Garyan contained the highest amount of carotenoids (0.83
mg/kg), while a smaller amount of total chlorophyll was found in this sample (34.4 mg/kg)
compared to a sample from Tarhana (39.5 mg/kg). However, the loss of pigments and the
change of color during heating (total carotenoids-84.34%, total chlorophyll-95.99%, lightness
L*-23.61 and transparency- 69.50%) were the smallest most recently in the oil samples from
Garyan region.
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ABSTRACT
Olive tree very common in the Mediterranean landscape for a long period has been cultivated by local
communities for the oil extraction, as well as for its fruit consumption. Albania a country of the
Northern Mediterranean basin, due to its favorable geographic position show great potentials for olive
cultivation. There are more than 28 olive cultivars grown all over Albania. One of the most important
varieties used in the olive oil production is Kalinjoti, which cover more than 55% of total olive
plantations in the country. The aim of this study has been the evaluation of the main chemical
constituents in extra Monocultivar Virgin Olive Oils of Kalinjot cultivar examined during the period
comprising the three consecutive harvesting years (2013, 2014 and 2015), which will serve to produce
products with defined origin. For evaluation of the quality were analyzed physical and chemical
characteristics and purity criteria. The determination of chemical constituents was achieved according
to the Regulation EEC/2565/91. Monocultivar Olive Oil extracted belonging to Kalinjot cultivar is
constituted by a high percentage of oleic acid, 74.25 %, palmitic acid 10.426 %, linoleic acid 9.788 %
and linolenic acid 0.77 %. One of the factors which influence these characteristics is the region.
Keywords: Kalinjot, olive cultivar, quality, olive oil, Albania.

INTRODUCTION
Extra Virgin Olive Oil (EVOO) is one of the edible fats most highly prized by Mediterranean
peoples, due to the fact that it can be consumed without any refining process, by retaining its
natural flavor and aroma. It also has highly-appreciated nutritional characteristics thanks to
its balanced fatty acid composition (Boskou, 1996; Grande Covian, 1996; Salvador, 2001).
Albania shows a great potential for olive cultivation due to its suitable climatic conditions and
diversity of native cultivars (Figure 1). The Kalinjot olive cultivar is the most common in
Albania, which gives the main contribution to the national level of Olive Oil production. It is
cultivated to the region, which is originated, and where it constitutes over 70% of the
plantations’ structure, in Vlora and Mallakastra regions, as well as in other regions of the
country (Topi et al., 2012). It covers more than 55% of total olive plantations. The weight of
the fruit is 3.64 grams and the weight of the stone is 0.49 grams. The percentage of oil which
can be extracted from the olive is 28% and the productivity of the cultivar is good. This
variety is relatively resilient to drought and cold weather (Kafazi et al., 1980).
The study of the chemical composition of EVOO extracted by Kalinjot variety is of great
scientific interest especially to remote rural regions, where economical resources have been
limited. It is also of interest (i) to the local industrial sector (Figure 2), and (ii) to the final
consumer, who demands more information on the characteristics and properties of high
quality traditional local products and is learning to appreciate less-processed food (MBMK,
2009).
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Figure 1: a) Geographic Distribution Of Olive Trees by Districts for Albania (USAID, 2011); b) Olive
cultivation in the Region of Vlora, Southern Albania (MBMK, 2009)

Figure 2: Distribution for percentage of new olive groves by region(MBMK, 2009)

This study examines the chemical composition of Kalinjot monocultivar Extra Virgin Olive
Oils from three successive different seasons 2013/14, 2014/15 and 2015/16 and the
relationship of that composition with quality and oxidative stability. The main analytical
parameters of the oils were evaluated: fatty acid compositions and phenolic compounds as
well as their relationship with oxidative stability (Topi et al, 2011).

MATERIAL AND METHODS
Samples of Kalinot monocultivar olive oil were collected from olive mills located in the area of
Vlora and Mallakaster, during the crop seasons 2013/14, 2014/15 and 2015/16.
Determination of fatty acids and total phenols were carried out following the analytical
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methods described in Regulations EEC/2568/91 and EEC/1429/ 92 of the Commission of the
European Union (EUC, 1991).
Fatty acid derivatization and FAME analysis
For the determination of fatty acid composition, the fatty acid methyl esters (FAME) were
prepared by vigorous shaking of a solution of oil in hexane (0.2 g in 3 ml) with 0.4 ml of 2 N
methanolic potasium, and analyzed by GC with a Hewlett-Packard (HP 6890)
chromatograph equipped with a flame ionization detector (FID). A fused silica column (50 m
length, 0.25 mm i.d.), coated with SGL-1000 phase (0.25 mm thickness; Sugerlabor), was
used. Helium was employed as carrier gas with a flow through the column of 1 ml/ min. The
temperatures of the injector and detector were set at 250 oC, whereas the oven temperature
was 210 oC. An injection volume of 1 ml was used [Regulation EEC 2568/91, corresponding
to AOCS method Ch 2-91].
Total Polyphenol evaluation
Total phenols and ortho-diphenol compounds were isolated by extraction of a solution of oil
in hexane with a water/methanol mixture (60:40), three times. To a suitable aliquot of the
combined extracts, Folin-Ciocalteau reagent and sodium molybdate, 5% in ethanol 50%
(Merck), were added and the absorptions of the solution at 725 (total phenolic) and 370 nm
(o-diphenolic components), respectively, were measured. Values are given as mg of gallic
acid per kg of oil (Gutfinger, 1981; Vazquez et al., 1973).

RESULTS AND DISCUSION
Results of quality indices, with the exception of analytical analysis, for Kalinjot EVOO
examined during the three different period (2013/14, 2014/15, 2015/16) in Southern
Albania, are shown in Tables 1, respectively. This table reports the: mean value of fatty
acids Kalinjot olive oil, average and its standard deviation, and range (minimum and
maximum) to give a better description of the distribution of the values observed for each
determination.
Quality and authenticity criteria for various olive oil types are described in detail in the EU
Regulations EEC/2568/91 and later modification EEC/656/95. For the majority of the
samples analyzed, the values of the analytical parameters fell within the ranges established
for the highest quality category ‘extra virgin’ olive oil.
The distribution of fatty acids, from all tested samples, covered the normal range expected
for olive oil according to the International Olive Oil Council trade standards (IOOC, 2004)
(Table 1). The major fatty acids were oleic, palmitic, linoleic, stearic and palmitoleic. Oleic
acid (C18:1), the main monounsaturated fatty acid, with high levels (70.79- 78.08 %)
according to genotypes. Palmitic acid (C16:0), the major saturated fatty acid, ranged from
8.54 to 13.62 %, whereas, linoleic acid (C18:2) was the dominant polyunsaturated fatty
acid, ranging from 7.826 to 14.216 %. Another important saturated acid was stearic
(C18:0); its content was within the range 2.037-3.358 %, respectively (Table 1). For the
other fatty acids: palmitoleic (C16:1) and arachidic (C20:0), although their contents
changed from one olive oil to another, they were fairly small.
As expected, no statistically significant differences were observed between fatty acids of
Kalinjot olive oils, and therefore the data presented refer to all samples analyzed. The
distribution of fatty acid composition of the oil samples studied is shown in Table 1 and
covers the normal range expected for olive oil. The Kalinjot OO has a high percentage of
oleic acid, with an average value of 74.25 and an interquartile range of 1.899 (difference
between samples percentiles), and a low percentage of linoleic acid, with an average value
of 9.788 and an interquartile range of 1.471.
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Primary known factors affecting fatty acid composition, especially the oleic acid content, are
latitude, climate, variety and stage of maturity of the olives when collected (Ranelli et al.,
1997).
Table 1. Fatty acid composition of Kalinjot OO in three different harvesting years: 2013, 2014, 2015 (in
%).
Kalinjot olive oil

Average

2013

2014

2015

C14:0

0.01

0

0

0

C 14:1

0

0

0

C15:0

0

0

C15:1

0

0

C16:0

11.09

C16:1 t

Standard
Deviation

Range
Max

Min

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

10.43

10.42

10.426

1.455

13.62

8.54

0

0

0

0

0C

0

0

C16:1

0.72

0.68

0.752

0.736

0.531

2.913

0.417

C17:0

0.08

0.115

0.092

0.111

0.043

0.163

0

C17:1

0.12

0.18

0.158

0.177

0.0404

0.230

0.0655

C18:0

2.57

2.688

2.716

2.693

0.294

3.385

2.0368

C18:1n9t

0

0

0

0

0

0

0

C18:1n9c

75.51

74.21

74.426

74.25

1.899

78.083

70.79

C18:2n6t

0

0

0

0

0

0

0

C18:2n6c

8.15

9.818

9.666

9.788

1.471

14.216

7.846

C20:0

0.45

0.467

0.476

0.47

0.0322

0.532

0.401

C18:3n6

0

0

0

0

0

0

0

C18:3n3

0.75

0.769

0.772

0.77

0.062

0.888

0.632

C20:1

0.35

0.387

0.376

0.384

0.033

0.432

0.296

C21:0

0

0

0

0

0

0

0

C20:2

0

0

0

0

0

0

0

C22:0

0.13

0.134

0.136

0.134

0.0136

0.182

0.115

C24:0

0.07

0.069

0.014

0.059

0.0336

0.095

0

Analysis of the ratio 18:1/18:2 is an indication that refers to the oil oxidation stability. The
lowest value proposed is 18:1/18:2 ≥ 7 (Kiritsakis et al. 1998). The results show that Kalinjoti
cultivar have acceptable oxidation stability, because the analysis of the ratio 18:1/18:2 for the
three seasons show 2013:18:1/18:2=9.26; 2014: 18:1/18:2 = 7.558; 2015: 18:1/18:2 = 7.699.
A medium correlation, consistent through the three seasons, was observed for total
polyphenols content at Kalinjot olive oil. The value of total phenols (mg gallic acid/kg oil)
found in the oils analysed is 216.63 ±10.76 GAE mg/kg oil, so we observed no significant
differences are found among samples. According to Aguilera et al. (2005) the total
polyphenol content of olive oils vary between 50 and 1000 mg/kg, depending on factors such
as cultivar, climate, location, degree of ripeness, and oil extraction process, including others.

CONCLUSION
The study of the quality characteristics of the Kalinjot olive oil is of great interest to the local
industrial sector, the international olive oil business, and the final consumer since, despite
the economic importance of this olive oil variety, there were no complete and reliable data on
its chemical composition and properties from a large enough number of samples form
successive crop seasons to be statistically relevant and representative of the oil production.
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The oils obtained from fruits of the Kalinjot cultivar don’t showed different characteristics
when the olives were harvested from the trees cultivated at the three period of studied.
The majority of the quality parameters of Kalinjot olive oils fell within the limits established for
the ‘extra- virgin’ olive oil category, with a few exceptions, mainly related to adverse climatic
conditions in certain crop seasons..
All the values of fatty acids are in conformity to those of the International Olive Oil Council’s
Regulation Basing and Codex Alimentarius (2003), so we can conclude that cultivar Kalinjoti
presents high variability in composition, comparable to that of the Mediterranean countries,
as well as other native cultivars in Albania, and is in accordance with quality characteristics
drawn by EU Regulation 1989/2003.
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ABSTRACT
Production of traditional dry-fermented sausages relies on natural contamination by environmental
flora. This microbiota is usually referred to as “house flora”. This contamination occurs during
slaughtering and increases during manufacturing. In meat fermented products, the dominant
microbiota is constituted by several species LAB and coagulase-negative staphylococci. Enterococci,
can be found in relatively high numbers during meat fermentation. They may contribute, together with
lactobacilli, to the fermentation. Many enterococci isolated from sausages have the ability to produce
enterocins harbouring antimicrobial activity against pathogens and spoilage microorganisms of meat
concern. The application of enterocins producing enterococci or their purified metabolites, as extra
hurdles for preservation in sausage fermentation and in sliced-vacuum packed cooked meat products
can be beneficial, preventing the outgrowth of Listeria monocytogenes and slime-producing lactic acid
bacteria. This paper reviews mathematical models of Enterococci presence during the production
process of the Petrovská klobása as a rapid and universal method for the technological evaluation of
the safety during processing and storage conditions.
Keywords: enterococci, enterocins, mathematical models, fermented sausage

INTRODUCTION
Enterococci occur and grow in a variety of fermented foods. The presence of enterococci in
food products has long been considered as an indication of poor sanitary conditions during
production and processing. On the other hand, fermented foods containing enterococci, have
a long history of safe use. It is also claimed that enterococci play an important role in the
development of the organoleptic properties because they contribute to flavour development
due to glycolytic, proteolytic and lipolytic activities (Hugas, 1998; Settanni and Crisetti, 2008,
Janković, 2013). Furthermore, many enterococcal strains have interesting biotechnological
traits, such as bacteriocin production, and functional properties such as probiotic features.
Enterococci are normal constituents of the natural microbiota of many dry fermented
sausages manufactured without starter cultures, specially in slightly fermented sausages of
high pH (>5.3). These are traditional products of southern mediterranean countries with a
long history of safe consumption (Martin et al., 2005). In German and Italian fermented
sausages, enterococci range from 103 to 105 CFU per gram and it is postulated that in
sausages, there are no hurdles for their inhibition, and they dominate the microbial
population together with lactobacilli (Hugas et al., 2003). Traditional low-acid fermented
sausages, spontaneously fermented (without starter culture) and ripened at low
temperatures, are especially advantageous niches for enterococci. Indeed, their resistance to
environmental stresses, such as food preservation hurdles (salt, nitrite, low water activity, low
pH, etc.), makes them able to survive and even grow during food fermentation.Traditional
low-acid fermented sausages, spontaneously fermented (without starter culture) and ripened
at low temperatures, are especially advantageous niches for enterococci. Indeed, their
resistance to environmental stresses, such as food preservation hurdles (salt, nitrite, low
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water activity, low pH, etc.), makes them able to survive and even grow during food
fermentation (Giraffa, 2002; Hugas et al., 2002; Moreno et al., 2006). There is still
controversy over considering them as GRAS (Generally Recognized as Safe)
microorganisms (Giraffa 2002). However, studies point out that meat enterococci, especially
Enterococcus faecium, have a much lower pathogenicity potential than clinical strains, and
some strains of E. faecium are already used as starter culture or probiotic (Hugas et al. 2003;
Hugas et al., 2006; Martin et al. 2005).

MATERIAL AND METHODS
Petrovská klobása was produced during December and the processes of drying and ripening
lasted 270 days. The prepared filling was stuffed into natural casings (sausages of A1 and
B1 groups) and artificial collagen casings (sausages of A2 and B2 groups). Batches B1
(natural casing) and B2 (artificial casing) were left to be smoked, fermented and dried in the
household B while batches B3 (natural casing) and B4 (artificial casing) were taken to Im
„Kolbis“ where smoking, further fermentation and drying were performed in controlled
conditions. Each group comprise three packaging types: unpacked (An), vacuum (Av) and
modified atmosphere (Am). Isolation and identification of Enterococcus spp. was done with
Kanamycin Aesculin Azide Agar Base with Kanamycin Sulphate Supplement. Data were
processed using the Microsoft Excel software package for Windows 2007 and the software
package Statistica 9.1 for Windows, Stat Soft, Tulsa, Oklahoma, USA.

RESULTS AND DISCUSSION
Test results (Figure 1) point to a sharp jump in the number of enterococci after packaging
(after 50 days). For a group of sausages packed in a natural coating (An), 270 th day is
determined by an increase of 0.6 log 10 cfu / g, for a group of sausages packed in vacuum
(Av) 0.5 log 10 cfu / g, while in the group sausage packed in a modified atmosphere 270th
day determined by a maximum of 1.7 log 10 cfu / g.
Table 1. Features of development of enterococci according to groups and packaging type
Group

Packaging type
Unpacked

A1

A2

B1

Vacuum
Modified
atmosphere
Unpacked
Vacuum
Modified
atmosphere
Unpacked
Vacuum
Modified
atmosphere

Function
y – number of bacteria
x - day
y = 6 10 09x4
4 10 6x3 +
0.0009 x2 0.0743 x + 3.8194
y = 6 10 09x4
4 10 6x3 +
0.0009 x2 0.0743 x + 3.8194
y = 3 10 09x4
3 10 6x3 +
0.0007 x2 0.0664 x + 3.7801
y = A + 1.950 e 0.0108x
y = A + 4.964 e 0.0213x

B2

Vacuum

B3

Modified
atmosphere
Unpacked
Vacuum
Modified
atmosphere
Unpacked
Vacuum

B4

Asymptote

Note

r2 = 0.7765

0

IV degree polynom

r2 = 0.7765

0

IV degree polynom.

r2 = 0.8419

0

IV degree polynom .

2

r = 0.8123
r2 = 0.8236

1.10
0

r2 = 0.8014

0

y = A + 5.003 e

0.0210x

y = A + 1.961 e
y = A + 2.436 e

0.0065x
0.0071x

r = 0.8341
r2 = 0.9258

1.24
0.85

y = A + 3.157 e

0.0026x

r2 = 0.7896

0

r2 = 0.8722

0

IV degree polynom

r2 = 0.9076

0

IV degree polynom

r2 = 0.8892

0

IV degree polynom.

09 4

Unpacked

Correlation
coefficient

2

6 3

y = 8 10 x
5 10 x +
0.0010 x2 0.0780 x + 2.4260
y = 7 10 09x4
4 10 6x3 +
0.0009 x2 0.0711 x + 2.6372
y = 6 10 09x4
4 10 6x3 +
0.0009 x2 0.0731 x + 3.5133
y = A + 2.235 e 0.0150x
y = A + 2.324 e 0.0117x
y = A + 2.289 e

0.0148x

y = A + 1.846 e
y = A + 2.119 e

0.0085x
0.0093x

2

r = 0.7013
r2 = 0.8547

1.20
1.07

r2 = 0.8689

1.20

2

r = 0.7225
r2 = 0.7892
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Modified
atmosphere

y = A + 1.855 e

r2 = 0.7557

0.0109x

y = 8E-09x 4 - 5E-06x 3 + 0.001x 2 - 0.078x + 2.426

3

1.40
y = 7E-09x4 - 4E-06x3 + 0.0009x2 - 0.0711x + 2.6372

3

2

R2 = 0.8722

R = 0.9076

2.5

2.5

2

2

Neupakovane

1.5

1

1

0.5

0.5

0

An

Vakum

1.5

Poly. (Neupakovane)

Poly. (Vakum)

0

0

50

100

150

200

250

300

Av

0

50

100

150

200

250

300

2
y = 6E-09x -4 4E-06x3 + 0.0009x
- 0.0731x + 3.5133
2
R = 0.8892

4

3.5

3

2.5
M. Atmosfera

2

Poly. (M. Atmosfera)

1.5

1

0.5

0
0

50

100

150

200

250

300

Am
Figure 1. Examples of functions for the growth of enterococci in sausages B2 groups, depending on
the types of packing – model quartic polynomials (respectively figures for batches An, Av and Am)

Enterococci usually grow during early fermentation and remain constant at a level of 4–6 log
until the end of the whole process (Comi et al. 2005; Drosinos et al. 2005). In some French
sausage, their levels reached 6 to 7.5 log cfu/g (Lebert et al. 2007). The persistence of
enterococci during ripening can be attributed to their wide range of growth temperature and
to their high tolerance to salt. Moreover, enterococci are poor acidifiers, and in traditional
sausages of high pH they find good conditions for survival and growth (Hugas et al. 2003).
According to Giraffi (2002), enterococci can survive and reproduce during the fermentation
process, especially in the absence of starter cultures. Kozačinski et al. (2008) found a
population of enterococci than 2 log10 CFU / g at the end of the fermentation process.

CONCLUSIONS
Considering the growth rate from the zero until the 270th day, for all three models of the
Petrovská klobása (experimental batches An, Av, and Am), it was detected the constant
presence of Enterococci in all samples in a range between 0.5 and 1.7 log 10 cfu / g. The
mathematical model – quatic polynomials, provides critical points that are crucial for safety
control: the beginning of the exponential phase of inhibition, the time during which the rate of
inhibition is at a maximum, and the phase in which the rate of decline of the population of
microorganisms decreases until they virtually disappear from the sausage or stay at the
recognisable level.
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ABSTRACT
Plant essential oils (EOs) have been long recognized for their antibacterial, antifungal, antiviral,
insecticidal and antioxidant properties. They are widely used in medicine and the food industry due to
these properties. The aim of the present study was to investigate chemical composition, antibacterial
activity and time-kill assay of the essential oil from the seed of dill (Anethum graveolens). Chemical
composition of the EO was identified by gas chromatography coupled with mass spectrometer
detector (GC-MS). Gas chromatography-mass spectrometric analyses of essential oil from dill showed
that the main components were carvone (48.3%) and limonene (43.5%). Both components have been
ascribed a variety of biological activities. The antibacterial activity of dill EO against Escherichia coli
was evaluated by broth microdilution method. Minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) was also determined. The MIC value was 56.81 µl/ml, while MBC
value was 113.62 µl/ml for the tested strain. Furthermore, time-kill assay of dill EO against E. coli was
tested. Results obtained using time-kill assay indicated that antimicrobial activity of EO was dependent
on the assayed EO concentration in function of time.
Keywords: Anethum graveolens, Escherichia coli, essential oil, antibacterial activity, time-kill assay

INTRODUCTION
Essential oils (EOs) are defined as any volatile oil(s) that have strong aromatic components
and that give distinctive odour, flavour or scent to a plant. These are the by-products of plant
metabolism and are commonly referred to as volatile plant secondary metabolites. Essential
oils are found in glandular hairs or secretory cavities of plant-cell wall and are present as
droplets of fluid in the leaves, stems, bark, flowers, roots and/or fruits in different plants
(Opender et al., 2008, Fu et al., 2007). Plant EOs are a potentially useful source of
antimicrobial compounds. Numerous studies have been published on the antimicrobial
activities of plant EOs against many different types of microbes, including foodborne
pathogens (Burt and Reinders, 2003, Friedman et al., 2002,).
EOs can comprise more than sixty individual components. Major components can constitute
up to 85% of the EO, whereas other components are present only as a trace (Burt, 2004).
Most of the antimicrobial activity in EOs is found in the oxygenated terpenoids (e.g., alcohols
and phenolic terpenes), while some hydrocarbons also exhibit antimicrobial effects (Badar et
al., 2008, Witkowska et al., 2013). It is known that components of EOs from aromatic plants
of the same scientific name could be different according to the plants habitats, or parts and
methods for extraction (Matsuzaki et al., 2013).
Dill (Anethum graveolens) is an annual herb of the Apiaceae (Umbelliferae) family, which can
grow to a height of 1.5 m. Dill originates from Mediterranean and West Asia. Its leaves are
commonly used in salads and tea while its seeds are used in tea, breads, soups, salads and
preserves. It is cultivated for use as a vegetable and also as a source of essential oil. Its
medicinal uses are as an antispasmodic, carminative, diuretic, stimulant and stomachic (El
Kolli et al., 2016). The main components of dill EO which is pale yellow in color, darkens on
keeping, with the odor of the fruit and a hot, acrid taste are a mixture of a paraffin
hydrocarbon and 40 to 60% of carvone with limonene (Aggarwal et al., 2002). The quantity
438

III International Congress “Food Technology, Quality and Safety”

and chemical composition of dill EO varies depending on the plant parts and the developing
stage of the plant at harvest time (Praveen and Sharamishtha, 2012). In the present study,
the compositions of dill EO was analysed by GC/MS. Minimum inhibitory concentration
(MIC), minimum bactericidal concentration (MBC) and time kill curve against Gram-negative
E. coli was determined (Sarker et al., 2007).

MATERIAL AND METHODS
Collection of plant materials
Seed of dill (Anethum graveolens), was obtained from plants grown at an experimental field
in Mošorin, Serbia (41º18'N; 20º09'E).
Extraction of the essential oil
The dried sample of dill seed was subjected to hydro-distillation using Clevenger-type
apparatus (ATICO Medical Pvt., Ambala, India) to extract essential oil (EO) according to the
method outlined by the European Pharmacopoeia (2004). The sample was ground,
homogenized and made into a fine powder. In order to extract the EO, 100 g of the powder
was placed in 1 l conical flask and connected to the Clevenger apparatus. 500 ml of distilled
water was added to the flask and heated to the boiling point. The steam in combination with
the EO was distilled into a graduated cylinder for 4 h and then separated from aqueous layer.
The oil was kept refrigerated until required for further analysis.
Analysis of the essential oil
Gas chromatographic-mass spectrometric (GC-MS) analysis was performed using an Agilent
6890 gas chromatograph coupled with an Agilent 5973 Network mass selective detector
(MSD) (both Agilent, Santa Clara, USA), in positive ion electron impact (EI) mode. The
separation was effected using Agilent 19091S-433 HP-5MS fused silica capillary column with
30 m × 0.25 mm i.d., 0.25 μm film thickness. The GC oven temperature was programmed
from 60 °C to 285 °C at a rate of 3 °C/min. Helium was used as carrier gas; inlet pressure
was 20.3 kPa; linear velocity was 1 ml/min at 210 °C. Injector temperature: 250 °C; injection
mode: splitless. MS scan conditions: MS source temperature, 230 °C; MS Quad temperature,
150 °C; energy, 70 eV; mass scan range, 40–550 amu. The identification of components was
carried out on the basis of retention index and by comparison with reference spectra (Wiley
and NIST databases).
Bacterial strain
Bacterial culture of Escherichia coli (ATCC 8739) used in this study was obtained from
American Type Culture Collection (ATCC). Working culture was prepared from subculture
and grown overnight in Tryptone Soya Broth medium (TSB, HiMedia) under optimal
conditions.
Micro-well dilution assay
Antimicrobial activity of essential oil (EO) was performed by broth microdilution method
according to the Clinical and Laboratory Standards Institute (CLSI, 2012) with slight
modification. The bacterial inoculates were prepared using overnight cultures and
suspensions were adjusted to 0.5 McFarland standard turbidity (corresponding to approx.
1×108 CFU/ml), using a densitometer DEN-1 (Biosan, Riga, Latvia).
A serial doubling dilutions of the tested EO was prepared in a 96 well microtiter plate over the
range from 454.4 to 0.22 µl/ml, in inoculated Mueller-Hinton broth (MHB, HiMedia). From the
last well in row 100 µl of the mixture was discharged. The final volume was 110 µl/ml and the
final microbial concentration was approx. 106 CFU/ml in each well. The plate was incubated
for 24 h at 37 °C. The same tests were performed simultaneously for growth control (MHB +
test organism) and sterility control (MHB + test oil).
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Microbial growth was determined by adding 10 µl of 0.01% resazurin aqueous solution. A
stock solution of the resazurin sodium salt (7-Hydroxy-3H-phenoxazin-3-one 10-oxide,
Himedia) powder was prepared in sterile distilled water, concentration 0.01%. It was filtersterilized and kept at 4 °C. The minimum inhibitory concentration (MIC) was defined as the
lowest concentration of the oils inhibiting visible growth (blue colored pellet on the bottom of
the wells after the addition of resazurin. Referring to the results of the MIC assay, the wells
showing complete absence of growth were identified and 100 µl solutions from each well was
transferred on the surface Mueller-Hinton agar (MHA) and incubated at 37 °C for 24 hours.
The minimum bactericidal concentration (MBC) was defined as the lowest concentration of
the EOs at which 99.9% of the inoculated microorganisms were killed. Each experiment was
performed in twice.
Time-kill assay
This method allows the characterization of the antibacterial essential oil (EO) activity over
time. It assesses the decrease of viable bacteria number, which are subject to a given EO
concentration over several hours (Hussain et al., 2011). The EO was individually dissolved in
sterilized physiological saline solution (0.9% w/v) supplemented with Tween 80 (HiMedia) at
a final concentration of 0.5% (v/v). Essential oil concentrations used in the test solutions
were equivalent to ½ MIC, MIC and 2 MIC. The final concentration of suspension of the strain
was adjusted to approx. 106 CFU/ml. During 8 hours of incubation, at one-hour intervals, 100
μl of each well content was spread on the surface of Mueller-Hinton agar (MHA) plates and
incubated at 37 °C for 24 h. Then the number of CFU/ml was counted. Results were
interpreted by a bactericidal curve representing time interval on the abscissa axis and the
number of survivors on the ordinate axis.

RESULTS AND DISCUSSION
The results obtained by GC-MS analysis of the dill essential oil are presented in Table 1. The
main components of dill EO were carvone (48.3%) and limonene (43.5%). Both components
are known for its antibacterial properties (Aggarwal et.al., 2002, Badar et al., 2008).
Table 1. Yields and chemical composition of the essential oil of dill
Compound
α-pinene
sabinene
myrcene
α-phellandrene
p-cymene
limonene
cis-dihydro carvone
trans-dihydro carvone
carvone
Total
Essential oil content

RI

Dill

933
976
994
1008
1029
1038
1199
1206
1251

tr
tr
0.1
0.8
tr
43.5
0.8
5.9
48.3
99.4
4.10

tr – less than 0.5%

MIC
MBC
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0.22

0.44

0.88

1.77

3.55

7.10

14.20

28.40

56.81

113.62

227.25

EO
concentration
µl/ml

454.20

Table 2. The MIC/MBC value of dill essential oil for E. coli
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According to the results of previous research, dill EO was shows moderately antimicrobial
activity against E. coli (Elgayyar et al., 2001, Pascal et al., 2002). In this study dill EO showed
the MBC values (113.62 µl/ml) slightly higher than the MIC values (56.81 µl/ml). The
MIC/MBC value is shown in Table 2.
Assayed bacteria showed susceptibility to gentamicin with MIC/MBC 0.50/1 µg/ml for E coli.
Determination of MIC by Gentamicin MIC Test Strip (Liofilchem®) also provided a MIC value
of 0.5 μg/ml for E. coli.
The examined oil did not show considerable antimicrobial activity toward tested bacterial
strain. Bactericidal activity of dill EO can also be assessed by performing an in vitro time-kill assay.
Figure 1 presents data on the kinetics of survival of E. coli in function of time. The time-kill curves
showed different bactericidal effects. At ½ MIC E. coli was not completely killed during 8 h. At
MIC (when MIC is not identical to MBC), bacterial growth was finally inhibited after 6 h, while
at 2 MIC (when 2 MIC is identical to MBC) E. coli was completely killed during 1 h.

Figure 1. Time-kill curves of dill EO against E. coli using different concentration of MIC values

CONCLUSIONS
Carvone and limonene are the principal components of dill essential oil, while limonene is a
monoterpene hydrocarbon and carvone is an oxygenated monoterpene. Both, limonene and
carvone have been ascribed a variety of biological activities. The modified resazurin assay
was found to be applicable for reliable assessment of antibacterial activity of the tested
essential oil. The present results showed that dill EO possess antibacterial activity, but in
higher concentrations.
The time-kill assay evaluates antimicrobial action by measuring the effect of a concentration
on the killing ability over time. It was found that the low concentration of dill EO (½ MIC) was
not sufficient to kill significant number of E. coli viable cells. However, higher concentration of
dill EO (MIC, 2 MIC) had a lethal effect on the E. coli viable cells. This report provides that dill
EO may be used for preservation of processed foods, as well as pharmaceutical and natural
therapies for the treatment of infectious diseases in human and plants.
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ABSTRACT
The aim of this study was to evaluate the effect of different concentrations of dietary fibre Vitacel MCG
0018 Gel (consisting of microcrystalline cellulose - MCC and two different qualities of
carboxymethylcellulose - CMC) as backfat substitute on the physico-chemical quality and
microbiological stability of frankfurter.
Five production series were evaluated to examine the backfat replacement: the control group (C) - a
sample with just the addition of backfat (100% fat - 0% Vitacel MCG 0018 Gel); 75% fat and 25% gel
(E1); 50% fat and 50% gel (E2); 25% fat and 75% gel (E3); 0% fat and 100% gel (E4).
In our research, the moisture content increased (59.69% - 71.07%) and the fat content decreased
(23.48% - 9.99%) with increasing backfat replacement by Vitacel MCG 0018 gel. The protein, >10%,
(10.18% - 10.35%) and relative content of connective tissue proteins (<20%) content satisfies the
criteria of the Rules on the quality of meat products.
2
4
The relatively low total number of microorganisms (7.96x10 – 1.17x10 CFU/g) confirms that the
obtained products (frankfurters) is safe to use.
In general, it can be concluded that the replacement of up to 50% backfat with celulose fiber gives
sausages almost unchanged properties, while the addition of larger fiber amount leads to decrease of
sausage quality.
Keywords: microcrystalline cellulose, fat substitutes, frankfurter

INTRODUCTION
Meat and meat products are essential in the diet of the modern world. Food of animal origin
including meat is required to maintain the health of a human body (Nestle, 1999).
Since the mid-1970s, interest in the role of dietary fibres in health and nutrition has prompted
a wide range of research and received considerable public attention (Abdul-Hamid & Luan,
2000; Chau and Huang, 2003). Published reports indicate numerous health benefits
associated with an increased intake of dietary fibre, including reduced risk of coronary heart
disease, diabetes, obesity, and some forms of cancer (Mann and Cummings, 2009).
There is an increasing trend of fibre addition in meat products for technological reasons and
benefits to human health (Vendrell-Pascuas et al., 2000).
Microcrystalline cellulose (MCC) is an example of a hydrocolloid with no solubility in water
that adsorbs mechanically at the interface. MCC is also able to stabilize the oil-in-water
emulsions. Its strong affinity for both the oil and the water results in precipitation and some
orientation of the solid particles at the oil-in-water interface (Philips et al., 1984). It was
proposed that the colloidal network of the free MCC thickens the water phase between the oil
globules preventing their close approach and subsequent coalescence. Therefore, the MCC
provideslong term stability (Philips et al., 1990). These colloidal dispersions are unique when
compared to other soluble food hydrocolloids. MCC, considered GRAS, is noncaloric. MCC
mimics fat in aqueous systems; contributes body, consistency, texture modification and
mouthfeel; stabilizes emulsions and foams; controls syneresis; ice crystal control;and adds
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viscosity, gloss, and opacity to foods. Applications include salad dressings, frozen desserts,
sauces, and dairy products (Akoh, 1998; Imeson, 2010). Lander (2004) also reported the use
of cereal fibres like Vitacel®, a wheat fibre, as functional ingredients in meat products such as
cooked sausages, mince, raw fermented sausages and cooked ham.
Microcrystalline cellulose (MCC) is purified cellulose, produced by converting fibrous
cellulose to a redispersible gel or aggregate of crystalline cellulose using acid hydrolysis.
MCC is prepared by treating natural cellulose with hydrochloric acid to partially dissolve and
remove the less organized amorphous regions of this polysaccharide.The end product
consists primarily of crystallite aggregates. MCC is available in powderform after drying the
acid hydrolysates. Dispersible MCC is produced by mixing a hydrophilic carrier (e.g., guar or
xanthan gum) with microcrystals obtained through wet mechanical disintegration of the
crystallite aggregates (Cui, 2005).
Hydrocolloidal materials, i.e. proteins and polysaccharides, used extensively for the
formation of edible films and coatings. Polysaccharide - cellulose derivatives have various
principal function: CMC like thickener, HPC thickener and emulsifier, HPMC thickener and
MCthickener, emulsifier and gelling agent (Hollingworth, 2010).Biswas et al. (2011) reported
that the Microcrystalline cellulose extracted from(wood pulp, bamboo, wheat, cottonseed
hulls) improves water holding capacity, and modified cellulose (MC, CMC, MHPC) by
chemical reaction of cellulose have functions in meat poducts like thickener, stabilizer and
humectants. Inclusion of fibers, such as carboxymethyl cellulose (CMC) and microcrystalline
cellulose (MCC), at the expense of fat or protein in meat batters could be used to produce
healthier sausages while lowering production costs (Schuh et al., 2013).
The objective of this study was to investigate the effect of replacing pork back fat with
different concentrations of colloidal system Vitacel MCG 0018 Gel Aktivierung on the
physico-chemical quality and microbiological stability of frankfurter.

MATERIAL AND METHODS
Cooked finely minced sausages, frankfurter, were used as the test group material in this
research, all produced in meat processing “Štrand”, Novi Sad.
In order to create the control sample (C) of cooked sausages, common raw materials were
used, with the production specification as follows: dramstick meat 30%, mechanically
separated (poultry) meat (MSM) 30%, backfat derived from dorsal part of the carcass 20%,
water/ice 20%, spices and additives. While preparing the experimental sausages, fat was
partially replaced by hydrogenated microcrystalline cellulose to the amount of 25% (E1), 50%
(E2), 75% (E3) and 100% (E4).
Table 1. Raw material of frakfurter of control (C) and eksperimental groups (E1- E4)
C

E1

E2

E3

E4

Drumstick

30

30

30

30

30

MSM

30

30

30

30

30

Backfat

20

15

10

5

0

Gel (Vitacel MCG 0018) 1:9

0

5

10

15

20

Water, ice

20

20

20

20

20

Nitrite salt

1.8

1.8

1.8

1.8

1.8

Polyphosphate mixture “Combi mix”

1.0

1.0

1.0

1.0

1.0

Vitacel MGN 150MGN 150

1.0

1.0

1.0

1.0

1.0
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Spices

0.5

0.5

0.5

0.5

0.5

The microcrystalline cellulose was pre-hydrated by adding water/ice in a ratio of 1:9.
Microcrystalline cellulose for obtaining the gel comes from the manufacturer J Rettenmaier &
Sohne GMBH + CO, Rosenberg, Germany, branded as Vitacel MSG 0018 Gel. Vitacel MCG
0018, consisting of microcrystalline cellulose (MCC E 460) and two different qualities of
carboxymethylcellulose (CMC E 466). Polyphosphate mixture “Combi mix” („Miltrade“, Novi
Sad, Serbia) was added, with composition of: disodium diphosphate (E 450 (i)), trisodium
diphosphate (E 450 (ii)), dextrose, penta sodium tri phosphate (E 451(i)), ascorbic acid (E
300), monopotassium-glutamate (E 622), sodium erythorbate - sodium isoascorbate (E 316)
and citric acid (E 330) in an amount of 1%. As emulsifier Vitacel MGN 150 MGN 150, dietery
fiber compound (oat and potato fiber and psyllium) was used.
The mass was stuffed in impermeable casings Ø 24 mm diameter and heat treated at a
temperature of 74-76 0C, until reaching a temperature of 72 0C in the center of the product.
After cooled to 30 0C with cold water showers, the sausages were cooled down, vacuumpacked, and samples were stored at a temperature of 4°C until the completion of the
analysis. Analyses of sausages were performed at the Institute of Food Technology in Novi
Sad
The basic chemical composition was assessed by determining moisture content (SRPS ISO
1442:1998), total protein (SRPS ISO 937:1992), hydroxyproline content - the relative content
of connective tissue proteins (SRPS ISO 3496:2002), free fat content (SRPS ISO 1444:1998)
and total ash (SRPS ISO 936:1999).
The energy value of sausages was determined using the formula: CV = 4xP + 4xC + 9xF,
where are, CV = caloric value (kcal/100g), P = total proteins (%), C = carbohydrates (%), F =
free fat (%) Grujic et al., 2001).
Microbiological tests included the determination of the total number of microorganisms (EN
ISO 4833: 2008), determining the number of Enterobacteriaceae (SRPS ISO 21528-2: 2009)
and determining the number of lactic acid bacteria (ISO 27205).
Test results were statistically analyzed, so that for all examined properties, calculated the
mean value of the mark ( X ) with a standard deviation (Sd). Calculate the coefficients of
variation (Cv) as a relative measure of dispersion, which show variation between different
groups sausage.

RESULTS AND DISCUSSION
Results of the basic chemical composition of frankfurters with fat replaced by microcrystalline
cellulose are presented in Table 2.
In our research, the moisture content increased (59.69% - 71.07%) and the fat content
decreased (23.48% - 9.99%) with increasing backfat replacement by Vitacel MCG 0018 Gel.
According the study of Almeida et al. (2014), who were produced emulsified cooked
sausages (beef: 52.5%; pork: 15%; and pork back fat: 20%) with 25, 50, 75 or 100% of their
pork back fat content replaced by amorphous cellulose gel (ACG). The moisture content of
low-fat high dietary fibre (DF) frankfurters increased linearly (r2=0:994) with added water in all
the formulations and was inversely proportional to the fat content (Grigelmo-Miguel et al.,
1999).
Chemical analyses showed that the free fat content in the frankfurters were decreased with
increasing of fat replacement Vitacel MCG 0018 Gel.
Szczepaniak et al (2007) came to the same conclusion that amount of water was increase in
produced sausages along with the increase of amount of fat replacement applied. It resulted
from the introduction of additional amounts of water required to rehydrate fiber in
experimental sausage.
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The protein content remained predominantly constant in the control (10.18%) and different
production series (10.26% – 10.35%). Similar results were reported by several authors:
Grigelmo-Miguel et al. (1999) in low-fat high dietary fibre (DF) frankfurters (20±5% fat).
produced with two different peach DF suspensions (17 and 29%) and Lin et al. (1988) in
frankfurters made with carboxymethyl cellulose.
Table 2. Basic chemical composition of frakfurters of control (C) and eksperimental groups (E1-E4), %
C
E1
E2
E3
E4

Moisture

Total fat

Total protein

Relative
content
of
connective tissue proteins

Total ash

Carbohydrates
Energy value. kcal/100 g

X

59,69

62,18

64,12

66,27

71,07

Sd

0,90

0,74

0,97

1,01

0,37

Cv

1,51

1,19

1,51

1,52

0,52

X

23,48

19,96

17,77

15,38

9,99

Sd

1,60

0,70

0,65

0,76

0,57

Cv

6,81

3,51

3,66

4,94

5,71

X

10,18

10,26

10,30

10,18

10,35

Sd

0,10

0,23

0,25

0,07

0,09

Cv

0,98

2,24

2,43

0,69

0,87

X

17,43

10,56

8,31

6,59

6,33

Sd

1,67

0,87

0,51

0,58

0,28

Cv

9,58

8,24

6,14

8,80

4,42

X

2,68

2,76

2,88

2,38

2,62

Sd

0,09

0,27

0,12

0,04

0,28

Cv

3,36

9,78

4,17

1,68

10,69

X

3,97

4,84

4,93

5,79

5,97

267,92

240,04

220,85

202,30

155,19

The relative content of connective tissue proteins was the highest in frankfurters control
group C, (17.43%) and lower in the experimental group frankfurters E (10.56%, 8.31%,
6.59%, 6.33%). The relative content of connective tissue proteins hard fat tissue was higher
than in chicken meat, as expected, relative content of connective tissue proteins of the
frankfurters with reduced share back fat decreased.
The protein (>10%) and relative content of connective tissue proteins (<20%) content
satisfies the criteria of the Rules on the quality of meat products.
Microcrystalline cellulose gel content follows the energy value. According to the reducing the
fat content and energy value are reduced. Energy value in the samples amounted 267.92
kcal/100 g, 240.04 kcal/100 g, 220.07 kcal/100 g, 202.30 kcal/100 g, and 155.19 kcal/100 g.
The energy value of the sample in which the total replacement of fat ( E4) was reduced to
42.08% compared to the control sample.
Microbiological testing has not been determined the presence of Enterobacteriaceae and
lactic acid bacteria. The total number of microorganisms ranged within the interval from 10 2
to 104 cfu / g and 7.96x102 cfu / g to 1.17x104 cfu / g. The absence of a Enterobacteriaceae
and lactic acid bacteria, as well as the total number of microorganisms indicate properly
implemented regime of thermal processing.
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Stuffing sausages. after fine grinding and mixing, can be contaminated numerous and
different sorts of microbial population that reaches up to 107 cfu / g. Thermal treatment
significantly reduces the number of microorganisms present, usually about 104, often less
than 103 cfu / g. It depends on the number and types of present microorganisms regime and
heat treatment (Bem i Adamič. 1991).
Table 3. Total number of microorganisms of control (C) and eksperimental groups (E1-E4)
C

E1

E2

E3

E4

Total number of
microorganisms( cfu/g)

2.67x10

Total number of
Enterobacteriaceae (cfu/g)

<10*

<10

<10

<10

<10

Total number of lactic acid
bacteria (cfu/g)

<10

<10

<10

<10

<10

3

7.96x10

2

9.46 x10

2

1.27 x10

3

1.17 x10

4

* <10 not detected

CONCLUSIONS
In our research. the moisture content increased (59.69% - 71.07%) and the fat content
decreased (23.48% – 9.99%) with increasing backfat replacement by Vitacel MCG 0018 gel.
The protein content remained predominantly constant in the control (10.18%) and different
production series (10.26% – 10.35%).
The relative content of connective tissue proteins was the highest in frankfurters control
group C, (17.43%) and lower in the experimental group frankfurters E (10.56%, 8.31%,
6.59%, 6.33%).
The protein (>10%) and relative content of connective tissue proteins (<20%) content
satisfies the criteria of the Rules on the quality of meat products.
Microbiological testing has not been determined the presence of enterobacteria and lactic
acid bacteria. The total number of microorganisms ranged within the interval from 10 2 to 104
cfu / g and 7.96x102 cfu / g to 1.17x104 cfu / g.
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ABSTRACT
Production of aflatoxin B1 (AFB1), ochratoxin A (OTA) and fusariotoxins (deoxynivalenol-DON and
zearalenone-ZON) by different fungi isolated from Serbian cereal kernels (collection of Maize
Research Institute) was tested “in vitro”. Potentially toxigenic species from the Aspergillus, Fusarium
and Penicillium genera were investigated.
Chosen mould isolates were incubated on Yeast Extract Sucrose medium (YESA) for 2 weeks at 25°C
°
in dark, and afterwards for 2 more weeks at 25 C in dark (AFB1) or 2 weeks at room temperature 2125°C (OTA, DON, ZON).
Fungal toxicity was originally tested with the simple screening method (Bočarov-Stančić et al., 2009).
The results obtained by the TLC method were confirmed with the modified Elisa Diagnostic Test Kits
and HPLC method.
Hardly any mould culture, isolated from cereal kernels was toxigenic in the tested conditions. Only one
isolate, F. graminearum 1282/06, produced both fusariotoxins in rather high concentrations: DON
ranging from 506 to 2555 ppb, and ZON ranging from 158 to 512 ppb.
The obtained results point out that contamination of cereal kernels with fusariotoxins can become a
great problem in years when meteorological conditions are favourable for developing of Fusarium spp.
in the field.
Keywords: cereal kernels, fungi, toxigenicity

INTRODUCTION
The International Agency for Research on Cancer (IARC, 2002) has classified aflatoxins
(AFs) as an agent carcinogenic to humans (group 1). Besides that, these mycotoxins are
immunosuppressive metabolites that are genotoxic for prokaryotic and eukaryotic systems in
vitro. The main fungal species that biosynthesize AFs are Aspergillus flavus and A.
parasiticus, mostly present in warm and humid climates. According to Lević et al. (2013), in
the past 50 years intensive infections of crops with these fungi have been rare in Serbia, so
the level of AFs on maize have been low. In 2012, however, the change in agro ecological
conditions caused a very high frequency and incidence of A. flavus in Serbia. The result was
that 60% of maize kernel samples were contaminated with AFs (concentrations varied from
1.05 µg kg-1 to 70.3 µg kg-1) (Kos et al., 2014).
Beside Aspergillus ochraceus and related species, Penicillium verrucosum, P.
aurantiogriseum and P. chrysogenum are known producers of nephrotoxic, carcinogenic,
teratogenic and immunotoxic ochratoxin A (OTA) (Škrinjar et al., 1992; Lund and Frisvald,
2003). The general opinion is that Aspergillus spp. is more important for contamination food
and feed with OTA in warmer climate, whereas Penicillium spp. is more significant in
temperate or colder regions (Park et al., 2005). The International Agency for Research on
Cancer (IARC, 1993b) has classified OTA as an agent potentially carcinogenic to humans
(group 2B). During a five-year investigation Škrinjar et al. (2005) has recorded a high
incidence of this mycotoxin contamination of agricultural products and foods produced in
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Serbia. Beside other contaminators, OTA was accounted for contamination of 25-70% of
wheat samples from different localities, 20% of sausage and melted cheese samples, and
even 60% of “healthy food” samples.
Fusarium graminearum is regarded as the most common causative agent of head blight in
warm regions of the world (Mbae et al., 2012). Changes in climatic conditions, however,
caused its dominance on cereal crops in temperate regions of Europe and a higher incidence
of its toxic metabolites – deoxynivalenol (DON) and zearalenone (ZON) (Stanković et al.,
2007; Krnjaja et al., 2016). In the 2004-2007 period Lević et al. (2009) have recorded very
frequent occurrence of F. graminearum in kernel samples of wheat (71/75), barley (26/29)
and maize (21/67) in Serbia. According to the research of Stepanić et al. (2011), in wheat
grain samples (harvest 2010) from various regions of Serbia, ZON was detected in 90.2% of
the entire sample and DON in 73.2%, although their concentrations were lower than the level
set by the World Health Organization. Jajić et al. (2009) have established the presence of
DON in 42.7% of corn grain samples originating from different locations in Vojvodina (20042006), but only 3 samples contained DON in concentrations that exceeded maximum
permitted levels legislated in most countries. ZON, which causes precocious puberty
changes in children, early menarche and potential infertility due to the endocrine disruptive
effect, and DON, which triggers gastrointestinal disorders, anorexia, nausea, emesis etc., are
classified as substances with limited evidence of carcinogenicity, according to the
International Agency for Research on Cancer (IARC, 1993a) (Group 3).
MATERIAL AND METHODS
Microorganisms. A potential for in vitro production of fungal metabolomes, aflatoxin B1
(AFB1), ochratoxin A (OTA) and fusariotoxins (deoxynivalenol-DON and zearalenone-ZON)
was tested by using different fungal species from the genera Aspergillus (7), Fusarium (7)
and Penicillium (4). Most of the investigated isolates, determined according to Samson and
van Reenen-Hoekstra (1988), originated from the samples of cereal kernels from the
collection of Maize Research Institute, Belgrade, Serbia (Table 1). All fungal isolates were
maintained at 4°C-6°C. Before the inoculation on a medium for mycotoxin biosynthesis
stimulation, the same isolates were sub-cultivated for 7 days at 25°C on 15 ml Potato
Dextrose Agar for Aspergillus and Penicillium, and on Synthetic Nutrition Agar (Nirenberg
and O’ Donnel, 1998) for Fusarium, respectively.
Table 1. Origin of the cereal kernel samples under investigation
Ord. Cereal
Locality
Sample
No.
designation
2.
Wheat
Despotovac
825
3.
Wheat
Knićanin
870
5.
Corn
Bačka Topola
1282
7.
Corn
Bački Petrovac
1554
9.
Barley
Zemun Polje
2254
10.
Corn
Zemun Polje
2533
11.
Corn
Zemun Polje
3918

Year
2005
2006
2006
2007
2009
2009
2012

Qualitative screening procedure for mycotoxin biosynthesis. The chosen fungal isolates
were incubated on Yeast Extract Sucrose Agar,15 ml per Petri dish (Samson and van
Reenen-Hoekstra,1988) for 2 weeks at 25°C in dark, and afterwards for 2 more weeks at
25°C in dark (AFB1) or 2 weeks at room temperature (21- 25°C) (OTA, DON, ZON). Fungal
toxigenicity was originally tested with a simple TLC screening method (Bočarov-Stančić et
al., 2009a). All qualitative analyses were done in three replications.
Quantitative confirmation procedures for mycotoxin biosynthesis. Positive results
obtained by the TLC screening method were confirmed first with the use of High
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Performance Liquid Chromatography (HPLC) method. Sample preparation was carried out
on MycoSep® (Romer Labs. Inc., Union, MO, USA) clean up columns, according to the
manufacturer procedure, with some modifications. The modification consisted of the change
in the extraction procedure: 10 g of YESA overgrown by a particular fungal strain was
extracted with 50 cm3 of a chloroform-methanol solution (2:1 v/v) for 30 min. on a magnetic
stirrer. After filtration, 40 cm3 of the obtained extract was evaporated to dryness under a
nitrogen stream at 50 °C. The dry residue was afterwards dissolved in 40 cm3 of an
acetonitrile-water solution (84:16 v/v) and kept at 4°-6°C (not more than 7 days) until the
purification of extracts with the SPE columns was done. For the DON analysis, MycoSep®
225 column (Romer Lab, USA) was used. Exactly 3 cm3 of the purified extract was
evaporated to dryness under a nitrogen stream at 50°C and then the HPLC method was
performed. For the ZON analysis 70 µl of glacial acetic acid was added to 7 cm3 of a sample
acetonitrile-water solution (84:16 v/v) and MycoSep® 224 column (Romer Lab, USA) was
used. Exactly 3 cm3 of the purified extract was evaporated to dryness under a nitrogen
stream at 50 °C and then the HPLC method was used. The HPLC analysis of DON was
performed according to the LC conditions established by Abramović et al. (2005), while ZON
was analysed according to the LC conditions described in the standard BS EN 15792:2009.
The next step in confirmation of fungal toxigenicity was the cultivation of the particular fungal
strain on wet sterilized corn kernels (300 g + 336 ml of water, moisture 53.12%) in
Erlenmeyer flasks (2000 ml) at 25 °C for 5 weeks. The corn kernels were inoculated with a
fungal isolate sub-cultivated for 7 days at 25 °C on YESA. Samples for the analysis were
taken after 1, 2 and 5 weeks of cultivation. The obtained samples were dried to constant
weight for 24 h or more at 60 °C and pulverised before analysing mycotoxins with the Elisa
Diagnostic Test Kits (ELISA) or the HPLC method.

RESULTS AND DISCUSSION
Aflatoxin B1 biosynthesis was not detected in any (8) of the tested representatives from
the genus Aspergillus (A. flavus, A. niger, A. tamarii and unidentified species from
Aspergillus section Flavi) isolated from cereals. There are some data on the characteristics
and toxicological profile of Aspergillus section Flavi mycobiota in Serbia (Bočarov, 1983;
Bočarov-Stančić et al., 2009a; Lević et al., 2013; Krulj et al., 2016). Based on their sclerotial
morphology, A. flavus isolates can be divided into L (sclerotia greater than 400 µm in
diameter) and S strains (small sclerotia). On average, greater quantities of aflatoxins are
produced by S isolates (Garber and Cotty, 1997; Probst et al., 2011; Okun et al., 2015). Our
results confirmed that finding, since the isolate A. flavus 870/06 which is the L morphotype
according to the literature, producing large black sclerocia (average diameter ˃ 400 µm),
was atoxigenic. On the other hand, the S strain A. flavus 3918/12, isolated from the corn
kernels contaminated with AFB1, also did not biosynthesise AFB1 in the tested conditions. A
parallel cultivation of the isolate A. flavus 12, previously shown to be the producer of the
same mycotoxin, proved that the experimental conditions were optimal for AFB1 production
(Krulj et al., 2016).
Biosynthesis of ochratoxin A was not detected in vitro in 4 Aspergillus isolates (A.
fumigatus 1282/06, A. niger 3918A/12, A. tamarii 825/05 and A. versicolor 870A/06) and 4
unidentified Penicillium strains (825A/05, 825B/05, 1554/07 and 2533/09). Similar results
were obtained by Mounjouenpou et al. (2008). These authors did not detect OTA production
in A. fumigatus, A. niger, A. tamarii and A. versicolor isolates from cocoa. Only A.
carbonarius and A. niger biosynthesized OTA after 8 and 20 days of cultivation on a cocoa
medium in quantities ranging from 39.2 to 110.7 ng g-1 and 0.05-0.5 ng g-1, respectively.
Contrary to our results, some other authors have found that A. fumigatus and A. versicolor
can produce OTA (Rizzo et al., 2002) as well as P. sclerotiorum (Frisvald et al., 2004). The
experimental conditions for production of this mycotoxin were chosen having in mind our
previous experiments (Bočarov-Stančić et al., 2009a), in which optimal yields of OTA
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produced by the strain A. ochraceus CBS 108.108 were achieved in media with yeast
extracts and a high sucrose content (YESA).
Biosynthesis of fusariotoxins (DON, ZON). Hardly any tested Fusarium graminearum
culture, isolated from cereal kernels, was toxigenic in the tested conditions. The isolates of
this species designated as 825/05, 870/06, 1554F1/07, 1554F2/07, and 2254/09 did not
biosynthesise DON and ZON. Only one strain, F. graminearum 1282/06 originating from corn
kernels, produced both fusariotoxins in rather high concentrations (Tables 2 and 3). Similar
results were reported by Tančić et al. (2015). According to them, F. graminearum strains with
the highest intraspecies variability were the best producers of the both fusariotoxins.
Although there was no clear difference between ZEA production potential of wheat and cornoriginating isolates, higher average yields of DON were biosynthesized by wheat-originating
isolates.
Our present findings (Table 2) are in accordance with our previous studies (Bočarov-Stančić
et al., 2009b) revealing that the highest ZON yields can be produced by F. graminearum
isolates after 28 days of cultivation on YESA at 24.9 °C. Nevertheless, unlike ZON, only
traces of DON were found in the same experiment with the same medium and after the same
period of cultivation. All these results together with the present findings point out that the use
of a simple screening method with qualitative TLC (Bočarov-Stančić et al., 2009a) is not
sensitive enough for DON detection. We confirmed our conclusion by using a modified HPLC
method (described in the Material and Methods section), detecting rather high quantities of
this type B trichothecene (89.25 µg g-1) (Table 2).
Table 2. DON and ZON produced by F. graminearun 1282/06 after cultivation on YESA at 25 °C
Days of
Applied method
Fusariotoxins
cultivation
DON
ZON
Qualitative TLC
+/14
Qualitative TLC
++
28
-1
Modified HPLC
n.d.
28
89.25 µg g
Legend: - no toxin production; +/- traces of toxin; ++ moderate quantity of toxin; n.d. –not done; * 15 ml YESA

In order to confirm the obtained results on the toxigenicity of the strain F. graminearum
1282/06, we cultivated it on wet sterilized corn kernels not contaminated with fusariotoxins
(Table 3).
Table 3. DON and ZON produced by F. graminearun 1282/06 after cultivation on wet sterilized corn
kernels at 25 °C
-1
Days of
Applied method
Fusariotoxins (µg kg )
cultivation
DON
ZON
7
ELISA
506
158
14
ELISA
916
512
35
HPLC
2555
188

The highest yield of DON was achieved after 35 days of cultivation (2555 µg kg-1), while the
highest ZON biosynthesis was detected after 14 days of cultivation (512 µg kg-1). Similar
results were published by Jajić et al. (2007) and Bočarov-Stančić et al. (2009b). These
authors have also found that prolonged cultivation on corn or wheat grain substrates is
necessary for fusariotoxin production.
Testing in vitro production of fusariotoxins by Fusarium spp. isolated from equatorial barley
grown in Kenya, Mbae et al. (2012) have found that all strains of F. graminearum produced
both DON and ZON when cultivated as rice cultures. Contrary to their findings, our
experiment shows it is not necessary to cultivate the strain F. graminearum 1282/06, after 14
days on wet corn kernels at 25 °C, at lower temperature (4 °C) in order to induce mycotoxin
biosynthesis. Data presented by other authors (Ramirez et al., 2006), our earlier studies
(Bočarov-Stančić et al., 1986) as well as the present results point out that temperature
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conditions (constant temperature of 25-28 °C) can favour F. graminearum production of DON
and ZON, and therefore there is no need to use the temperature stress.

CONCLUSIONS
Aflatoxin B1 biosynthesis was not detected in any of 8 tested representatives of the genus
Aspergillus isolated from cereals.
Production of ochratoxin A in 4 Aspergillus isolates and 4 unidentified Penicillium strains was
also not detected in vitro.
Hardly any mould culture, isolated from cereal kernels was toxigenic in the tested conditions.
Only one isolate, F. graminearum 1282/06, produced both fusariotoxins on YESA and
sterilized wet corn. Rather high concentrations were obtained in the last case: DON ranging
from 506 to 2555 µg kg-1, and ZON ranging from 158 to 512 µg kg-1.
The qualitative screening TLC method for detection of DON biosynthesis was not sensitive
enough, so a modified HPLC method was developed for the quantification of this fusariotoxin
in a semi-synthetic medium (YESA).
The obtained results point out that fusariotoxin contamination of cereal kernels in Serbia can
be a great problem in years when meteorological conditions favour development of F.
graminearum and other Fusarium species in the field, and, consequently, fusariotoxin
production.
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ABSTRACT
Serbia has the largest dairy sector in the Balkan region, producing about 1.55 million tons of milk per
year. However, farms are still very small and fragmented, with 600,000 cows on 220,000 farms, giving
an average herd size of 2.7 animals.
The composition of cows’ milk is of the greatest importance for the dairy industry. Compositional
parameters were of interest from a nutritive and a technological point of view. In this study, 5945 milk
samples were collected in Srem district in Vojvodina and analysed during 5 years (2010 – 2014) for
milk fat, protein and non fat dry matter contents. Statistical analysis and estimates of the significance
of the variation due to month and season was performed with the Kruscal–Wallis test.
The mean milk fat content was 3.85%, the protein content 3.23% and non fat dry matter 8.46%. All
investigated parameters showed significant seasonal variation (p < 0.01). As expected, all three
parameters were the lowest during summer months while the highest values were found during winter.
Factors influencing the composition of milk are numerous including cows breed, feeding systems,
milking frequency and milking systems.
Compared with a previous investigation (1976) of milk composition in same part of country, milk fat
and non fat dry matter contents increased, while protein content stayed constant. Data from developed
countries indicated a higher fat and protein contents meaning that there is space for improvement of
milk quality in our country.
Keywords: raw milk, milk fat, proteins,non fat dry matter, season

INTRODUCTION
Serbia has the largest dairy sector in the Balkan region. According to the Serbian Chamber
of Commerce, food production participates with 6.4% in the Gross Domestic Product (GDP)
of the Republic of Serbia. The dairy sector is among the leading food sectors.
According to official statistical data, total milk production in Serbia is around 1.55 million tons
per annum. Cow milk production accounts for about 96% in total milk production in Serbia,
while in north part of country - Vojvodina is app. 24%. It is estimated that about 220,000
farms are included in milk production from which 97% has 1 – 5 cows (Perisic et al., 2011).
The estimated average number of cows (2.7 animals) is considerably lower than in the EU 25
(about 16.6 cows). The actual composition of the national cattle herd in Serbia is as follows:
35% of pure Simmental, 50% of Domestic spotted cattle of the Simmental type or the
domestic Simmental breed, 5% of black-white cattle with various percentages of HF genes,
as well as pure Holstein-Friesians, and 10% of primitive breeds and crosses (Petrovic et al.,
2002). Average milk yield of registered cows of Simmental breed in Serbia is around 4500
kg, and Holstein Friesian breed about 8700 kg, while milk yield in total population of cows in
Serbia (controlled heads and estimated milk yield of cows) ranges from 3000 and 3500 kg. In
EU 25 average milk yield in overall population of cows is about 6357 kg (Perisic et al., 2011).
Approximately near 50% of milk is delivered and processed in 200 dairy plants of different
capacities (Analysis, 2012).
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The composition of cow milk is of the greatest importance for the dairy industry.
Compositional parameters are of interest from a nutritive and a technological point of view.
Factors influencing the composition of milk are internal factors, e.g. the breed of cow, and
external factors such as feeding systems, seasonal changes, milking frequency and milking
systems.
Over the years many studies have been performed on the composition of milk regard to
seasonal variation (Auldist et al., 1998; Lindmark-Månsson et al., 2003; Heck et al., 2009),
but but to the best of our knowledge no data was reported ever since about the seasonal
variations of the cow milk composition produced in Serbia. The aim of this paper was to
analyze the composition of cow milk during five years (2010 – 2014) and to evaluate the
impact of seasons on compositional variations.

MATERIAL AND METHODS
Milk samples were collected in Srem district in Vojvodina, north part of Serbia, during five
years (2010 – 2014). Total of 5945 samples were analyzed for fat (MF), protein (TP) and
non-fat dry matter (NFDM) on Lactoscope C-4 2.0 (Delta Instruments). Analysis were done in
triplicate. Seasons were divided as follows: winter (December, January, February), spring
(March, April, May), summer (June, July, August) and autumn (September, October,
November). Statistical analysis and estimates of the significance of the variation due to
month and season was performed with the Kruscal–Wallis test in Statistica 7.1 software
(Stat-Soft, USA).

RESULTS AND DISCUSSION
The milk composition determines its nutritive quality and value as a raw material for making
different dairy products and many of their properties (Walstra and Jenness, 1984).
Simmental is the predominant dairy breed in Serbia (80%) (Petrovic et al., 2002), therefore
the analyzed milk samples mainly reflect the composition of this breed. Table 1 shows the
mean monthly values of fat, protein and non fat dry matter contents during five years. The
mean milk fat content was 3.85%, the protein content 3.23% and non fat dry matter content
8.46%. In developed countries the average content of main milk components are usually
higher. Lindmark-Månsson et al. (2003) showed that the mean protein and fat content in
Swedish milk is 3.37% and 4.34%, respectively, while study about Dutch raw milk
composition (Heck et al., 2009) shows even higher protein and fat contents (3.48% and
4.38%). Nevertheless, there are large differences in milk composition in different EU
countries (Eurostat, 2016). Ozrenk and Inci (2009) presented much lower fat and protein
contents of milk from Van province in Turkey. Even more, large changes in milk composition
in the past decades have occurred in EU.
Table 1. Composition of cow milk during months
Month
January
February
March
April
May
June
July
August
September
October
November
December
TOTAL

Number
of
sample
532
530
583
530
564
535
449
460
461
463
422
416
5945

Milk fat (%)

Total protein (%)

Non fat dry matter (%)

Xsr

Min

Max

Sd

Xsr

Min

Max

Sd

Xsr

Min

Max

Sd

3.93
3.97
3.91
3.84
3.76
3.74
3.69
3.77
3.81
3.91
3.92
3.97
3.85

2.23
2.30
2.07
2.75
2.72
2.26
2.00
1.80
1.88
2.23
2.51
2.31
1.80

5.61
5.65
5.42
6.03
4.67
5.31
4.87
5.04
5.17
4.90
5.27
5.39
6.03

0.38
0.39
0.41
0.38
0.38
0.40
0.40
0.41
0.44
0.40
0.38
0.39
0.41

3.32
3.33
3.26
3.24
3.22
3.13
3.06
3.10
3.19
3.29
3.30
3.31
3.23

2.63
2.51
2.51
2.47
2.52
2.20
2.30
2.30
2.51
2.57
2.47
2.64
2.20

4.72
4.52
4.14
4.28
4.22
4.33
4.04
4.09
4.00
4.32
4.17
4.32
4.72

0.31
0.32
0.30
0.30
0.29
0.29
0.26
0.28
0.27
0.28
0.31
0.28
0.30

8.60
8.60
8.53
8.50
8.47
8.36
8.28
8.29
8.33
8.44
8.50
8.55
8.46

6.61
6.67
7.01
7.41
7.20
6.82
6.74
7.21
6.82
6.99
6.39
7.56
6.39

9.47
9.40
9.49
9.66
9.52
9.54
9.47
9.16
9.13
9.34
9.48
9.54
9.66

0.33
0.33
0.34
0.32
0.31
0.34
0.29
0.29
0.31
0.30
0.37
0.31
0.34
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Comparison of our results with previous investigation of milk composition in the same part of
country in 1972-1975 (Vujicic et al., 1976), milk fat and non fat dry matter contents slightly
increased, while protein content stayed constant. In Sweden, milk fat content from 1970s
increase significantly from 4.03% to 4.34%. Reasons for difference between milk
compositions among countries as well as during years are different breeds, feeding regimens
and different calving patterns and cattle management (e.g. milking frequency).
Seasonal variations and regional differences in milk composition are of great importance to
the manufacturer of dairy products. The variation in the milk nitrogen fraction affects the
consistency, yield and quality of a number of dairy products (Mehra et al., 1999). Also, the
quality and composition of the milk fat contents are of the utmost importance to the dairy
industry.
Seasonal variations of milk fat and protein contents are shown in Figure 1-2. All investigated
parameters (milk fat, proteins and non fat dry matter content) showed significant seasonal
variations (p < 0.01). As expected, all three parameters were the lowest during summer
months while the highest values were found during winter. During winter months average
milk fat and protein contents were 3.96% and 3.32%, while in summer were 3.73% and
3.10%, respectively. Although the level of the main components can differ, similar seasonal
patterns have been found in other studies (Auldist et al., 1998; Lindmark-Månsson et al.,
2003; Ozrenk and Inci, 2008; Heck et al., 2009). Heck et al. (2009) reported much higher
value of both components in Dutch milk and found minimum content of fat and protein in
June (4.10% and 3.21%) and maximum in January and December (4.57% and 3.38%).
6.5
6.0
5.5
5.0

Milk fat

4.5
Median
25%-75%
Min-Max

4.0
3.5
3.0
2.5
2.0
1.5
Winter

Spring

Summer

Autumn

Season

Figure 1. Box-plot of milk fat content seasonal variations

Seasonal variations in milk composition could conceivably be caused by differences in
temperature, nutrition, and stage of lactation and the interactions among them (Jennes,
1984). Especially, there is a negative correlation between environmental temperature and the
amount of milk fat and protein. Increase of temperature contributes to decrease of non fat dry
matter (Ozrenk and Inci, 2008).
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However, seasonal variations in the main milk components are mostly the consequence of a
feeding regime. Kelly et al. (1998) and Elgersma et al. (2004) showed that milk composition
changes when cows switch from a silage-based diet to a fresh grass based diet and back.
5.0
4.8
4.6
4.4
4.2
4.0

Proteins

3.8
3.6

Median
25%-75%
Min-Max

3.4
3.2
3.0
2.8
2.6
2.4
2.2
2.0
Winter

Spring

Summer

Autumn

Season

Figure 2. Box-plot of milk protein content seasonal variations
10.0

9.5

Non fat dry matter

9.0

8.5

Median
25%-75%
Min-Max

8.0

7.5

7.0

6.5

6.0
Winter

Spring

Summer

Autumn

Season

Figure 3. Box-plot of milk non fat dry matter content seasonal variations

Because such changes in the diet of cows occur very rapidly (e.g., with changes of weather
conditions), milk composition can change markedly, even on a week-to-week basis. The
change of feeding regime is probably the most significant factor influencing the changes in
milk composition obtained in our study. Also, availability and quality of pasture through year
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influence significantly the milk composition, especially in countries as Ireland, New Zealand
where pasture based dairying system are dominant (Auldist et al., 1998). Fat content had the
highest variation indicating that fat is the most sensitive component of milk to dietary
seasonal changes (Heck et al., 2009). Variation of protein content was less pronounced.

CONCLUSIONS
This work provides data for the composition of cow raw milk in Srem district of Vojvodina,
obtained by analysis during five years. Also, this study provides insight into the seasonal
changes in milk composition.
Large seasonal variation exists in concentrations of the main milk components. The minimum
values for milk fat, proteins and non fat dry matters were found during summer, while the
highest were during winter months.
Compared to literature data from developed countries a lower fat and protein contents were
found in cow milk in our country, meaning that there is a space for improvement of milk
quality.
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ABSTRACT
Satureja horvatii s.l. is a widely used plant in traditional medicine and is considered to be a rich source
of phenolic and flavonoid compounds. Influence of different extraction conditions on extraction
efficiency, total phenolics/flavonoids content, chemical composition and antioxidant potential of herbal
infusion and 70% (v/v) ethanolic extracts of Satureja horvatii s.l. was evaluated. Highest extraction
yield was obtained by infusion, while total phenolic and flavonoid content by maceration with 70%
ethanol after 48 hours. Compounds identified and quantified in extracts by High Performance Liquid
Chromatography (HPLC) were chlorogenic acid, p-hydroxybenzoic acid, caffeic acid, epicatechin,
rutin, rosmarinic acid, p-coumaric acid, quercetin and naringenin. The most abundant compound was
rutin. Antioxidant activity, determined as 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging activity,
was the highest in 70% ethanolic extract, obtained after 48 hours of maceration. The obtained results
indicate that Satureja horvatii s.l. extracts act as potent antioxidant agents.
Keywords: Satureja horvatii, phenolics, flavonoids, DPPH, HPLC

INTRODUCTION
The genus Satureja (Lamiaceae) is comprised of about 200 species of mainly aromatic herbs
widely distributed in the Mediterranean area. Health benefits of Satureja species can be
attributed to the presence of various biologically active constituents such as essential oil,
phenolic compounds and flavonoids. In traditional medicine they are used as spice, but also
as a consituent of herbal teas and remedies for treating different ailments, especially
digestive complaints (Lopez et al., 2015). Biological source of the drug “Rtanj tea” (Saturejae
herba) is mainly S. montana L. and S. hortensis L. Satureja horvatii s.l. is endemic species of
the Mounts Orjen and Lovćen, Montenegro (Lakušić et al., 2011) and is often used as
substitute of the main biological source in Rtanj tea. The chemical composition of various
Satureja species essential oils including S. horvatii has been reported, but there is
insufficient data about qualitative and quantitative composition of extracts of Satureja
species, as well as their pharmacological effects. Extraction procedure is crucial for obtaining
high quality extracts. Extraction efficiency is influenced by various factors, mainly by solvent,
extraction technique and extraction conditions. Therefore, the main objective of this paper
was to determine the impact of extraction length and solvent on total extraction yield, total
phenolics/flavonoids content, chemical composition and antioxidant potential of Satureja
horvatii s.l extracts.

MATERIAL AND METHODS
Herbal infusion and 70% (v/v) ethanolic extracts were prepared for analysis. The extraction
length for herbal infusion was 30 min, while for ethanolic extracts it was 30 min, 24, 48 and
72 hours. Total phenolic and flavonoid content was determined spectrophotometrically (Božin
et al., 2008). HPLC was used to determine the chemical composition of extracts. The
analytical column was Zorbax CB-C18 (4.6 × 150 mm, i.d., 5 µm particle size), mobile phase
was 0.1% acetic acid in deionized water and 0.1% acetic acid in acetonitrile, using gradient
elution. Flow rate was 1 mL/min, run time was 30 min and UV detection was at 280 nm.
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Antioxidant activity was evaluated by the ability of extacts to scavenge DPPH radical
(Mimica-Dukić et al., 2004).
Statistical analysis was performed by SPSS Statistics 22 program package.

RESULTS AND DISCUSSION
Total yield of dry extract (de) ranged from 14.39 to 24.09 g/100 g of drug. Highest extraction
yield was obtained by infusion, due to enhanced diffusion of bioactive compounds from plant
material with increased temperature. Increased extraction time from 30 min to 72 hours led to
increase of yield. Total phenolic content ranged from 13.13 to 33.32 mg GAE/g de and
flavonoid from 16.85 to 31.77 mg QE/g de. By increase of extraction time from 30 min to 48
hours amount of total phenolics/flavonoids increased. Lower amount of these compounds in
72 hour extracts could be explained by readsorption of phenolics/flavonoids on the surface of
plant particles with extraction time over 48 hours (Borhan et al., 2013). The lowest amount of
total phenolics/flavonoids was found in herbal infusion. Lower total phenolics/flavonoids
content in herbal infusion compared to 70% ethanolic extracts could be ascribed to the fact
that alcohol and water mixtures are more efficient for the extraction of these compounds than
monocomponent solvents (absolute ethanol or just water) (Grujić et al., 2012). Compounds
identified and quantified in S. horvatii extracts by HPLC analysis (Figure 1) were chlorogenic
acid, p-hydroxybenzoic acid, caffeic acid, epicatechin, rutin, rosmarinic acid, p-coumaric acid,
quercetin and naringenin.

Figure 1. Chemical composition of Satureja horvatii s.l. extracts

Chemical composition of the analysed extracts is similar to the chemical profile of S.
montana infusion, where chlorogenic acid, p-coumaric acid, rutin and naringenin were
detected (Gião et al., 2009). Highest content of chlorogenic, p-coumaric and rosmarinic acid,
rutin, quercetin and naringenin were obtained in 70% ethanolic extracts after 48 hours of
maceration, while p-hydroxybenzoic acid and epicatechin were in herbal infusion. Rutin
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(3,09-6,94 g/100 g) was the most abundant compound in the analyzed extracts. Significant
amounts of rosmarinic acid (1,31-4,53 g/100 g), p-coumaric acid (1,40-3,55 g/100 g),
quercetin (0,64-2,78 g/100 g) and naringenin (0,42-1,21 g/100 g) were also detected.
Presence of individual compounds in extracts of S. horvatii are in accordance with results of
analysis of 80% (v/v) ethanol extracts of S. montana, where the most abundant were rutin >
caffeic acid > rosmarinic acid > quercetin (Azza et al., 2014), as well as with the results of
ethanolic extracts of S. parvifolia, where rosmarinic acid and quercetin where the most
abundant active principles (Cabana et al., 2013).

Figure 2. Correlation between rutin and antioxidant activity of Satureja horvatii s.l. extracts

Figure 3. Correlation between p-coumaric acid and antioxidant activity of Satureja horvatii s.l. extracts

Results of antioxidant scavenging assay indicate that all of the extracts exhibit antioxidant
activity. Concentrations of analyzed extracts that inhibit 50% of DPPH radical (IC50) ranged
from 4.63 to 9.94 μg/ml. 70% ethanolic extract obtained after 48 hours of maceration had the
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strongest antioxidant activity, while infusion had the weakest. Compared to methanolic
extracts and essential oil of S. spicigera (267±1,42 and 127±1,63 μg/ml) and S. cuneifolia
(68±1,76 i 81±2,29 μg/ml) (Eminagaoglu et al., 2007), the analyzed extracts of S. horvatii
have stronger antioxidant activity.
Correlation between antioxidant activity and the detected compounds in S. horvatii extracts
was tested. There is a statistically significant negative correlation between antioxidant activity
and rutin (R=-0.987, level of significance p<0.01), as well as p-coumaric acid (R=-0.892, level
of significance p<0.05), which indicates that these compounds most probably contribute to
the antioxidant activity of S. horvatii (Figures 2 and 3).

CONCLUSIONS
Total extraction yield of aerial parts of Satureja horvatii s.l. increased by use of more polar
solvent. The highest content of total phenolics / flavonoids was obtained by extraction with
70% ethanol after 48h.
The dominant component in all of the analyzed extracts was rutin. Significant amounts of
rosmarinic acid, p-coumaric acid, quercetin and naringenin were also present. The analyzed
extracts exhibited relatively strong antioxidant potential in the DPPH test. There is a high
probability that rutin and p-coumaric acid contribute to the antioxidant activity of Satureja
horvatii s.l. extracts.
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ABSTRACT
Willow bark is a traditionally used herbal remedy due to its analgesic, antipyretic and anti-inflammatory
properties. These features are attributed to synergistic effect of phenolic compounds that act as potent
antioxidants and anti-inflammatory substances. The aim of this study was to evaluate the influence of
different extraction techniques (maceration, microwave, ultrasonic extraction) on yield, antioxidant
potential and chemical composition of bark and leaf extracts of purple willow (Salix purpurea L.). Total
yield of dry extract (de) was in range from 16.71 to 35.1 g/100 g of drug. Highest yield was obtained by
microwave extraction. Values representing 50% neutralization of DPPH (IC 50) ranged from 3.55 to
13.19 µg/ml. The total phenolic content ranged from 19.1 to 103.27 mg GAE/g de and flavonoid from
13.05 to 34.67 mg QE/g de. Compounds determined by High Performance Liquid Chromatography
(HPLC) in leaf and bark extracts were: epicatechin, rutin, quercetin, naringenin, chlorogenic, coumaric
and trans-cinnamic acid. Rosmarinic and caffeic acid were found only in bark extracts. Rutin was the
most abundant component.
Keywords: Salix purpurea, phenolics, flavonoids, antioxidant, HPLC

INTRODUCTION
Willow bark extract (Salix spp., Salicaceae) has traditionally been used to treat pain and
inflammation. For a long time its therapeutic effects were ascribed solely to the presence of
salicin and salicylic derivatives. However, newer data indicate synergistic action between
salicin and phenolic compounds that possess strong antioxidant activity (Gawlik-Dziki et al.,
2014). Bark of Salix purpurea is one of the biological sources of Salicis cortex and a
constituent of many herbal drugs and dietary supplements. Leaf of Salix species is mainly
not studied and there is lack of data concerning its biological potential and chemical
composition. Also there is no comparative data about solvent extraction, microwave and
ultrasonic extraction of purple willow. Compared to conventional extraction methods,
microwave extraction has many advantages such as shorter extraction time, less solvent,
higher level of extraction and lower costs (Wang et al., 2006). Ultrasound can be effectively
used to increase the yield and rate of mass transfer in solid–liquid extraction processes.
Positive effect of ultrasound is attributed to cavitation phenomena on the disruption of cell
walls, hydration of plant material and particle size reduction (Shirsath et al., 2012).
The aim of this study was to evaluate the influence of different extraction techniques on yield,
antioxidant potential and chemical composition of bark and leaf extracts of purple willow.

MATERIAL AND METHODS
Bark and leaf extracts were obtained by maceration with 30% and 70% (v/v) ethanol (EtOH)
for 30 min and 48 hours, by microwave extraction (MW) for 5 min and ultrasonic extraction
(US) for 30 min. Antioxidant activity was evaluated by the ability of extacts to inhibit DPPH
radical (Mimica-Dukić et al., 2004). Total phenolic and flavonoid content was determined
spectrophotometrically (Božin et al., 2008). Chemical characterization of extracts was
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performed by HPLC. The analytical column was Zorbax CB-C18 (4.6 × 150 mm, i.d., 5 µm
particle size), mobile phase was 0.1% acetic acid in deionized water and 0.1% acetic acid in
acetonitrile, using gradient elution. Flow rate was 1 mL/min, run time was 30 min and UV
detection was at 280 nm.
Statistical analysis was performed by SPSS Statistics 22 program package.

RESULTS AND DISCUSSION
Total yield of dry extract (de) ranged from 16,71-35,1 g/100 g of drug. Highest extraction
yield was achieved by microwave extraction of both drugs, followed by ultrasonic extraction,
which is in accordance with the fact that higher yields are obtained for shorter time by
nonconventional techniques such as microwave and ultrasonic extraction compared to
maceration (Blekić et al., 2011). Results of DPPH scavenging assay (Table 1) indicate that
all of the extracts have antioxidant potential, whereas bark extracts have greater than leaf
extracts. IC50 values ranged from 3,55 to 13,19 µg/ml. 30% ethanolic bark extract exhibited
the strongest antioxidant activity. The obtained results are in accordance with previous
reports on antioxidant activity of ethanolic and water extracts of S. purpurea and S.
myrsinifolia (Durak et al., 2014).
Table 1. Antioxidant activity of Salix purpurea bark and leaf extracts [µg/ml]
Extraction
30% EtOH
70% EtOH
MW
technique
Extraction
30 min
48h
30 min
48h
5 min
time

US
30 min

Leaf

12,82

8,82

8,85

7,34

12,79

13,19

Bark

5,09

3,55

7,15

4,73

6,20

5,68

Total phenolics content was in interval from 19,1 to 103,27 mg GAE/g de. Highest amount of
phenolics in bark was achieved by maceration with 30% ethanol, followed by 70% ethanol
and ultrasonic extraction, while in leaf extracts by 70% ethanol > microwave > ultrasonic
extraction. Amount of total flavonoids ranged from 16,16-34,67 mg QE/g de. Total flavonoid
content in bark decreased in order: maceration with 30% ethanol > 70% ethanol > ultrasonic
extraction, while in leaf 70% ethanol > microwave > 30% ethanol extraction. There is a
significant correlation between antioxidant activity and total phenolics and flavonoids in bark.
The main bioactive compounds identified and quantified by HPLC in S. purpurea leaf (Figure
1) and bark extracts (Figure 2) were chlorogenic acid, epicatechin, p-coumaric acid, rutin,
quercetin, trans-cinnamic acid and naringenin. Caffeic and rosmarinic acid were found in
bark extracts only.
The most abundant compound of both bark and leaf was rutin (1,12-2,84 g/100 g de),
followed by epicatechin and chlorogenic acid in leaf, whereas epicatechin and rosmarinic
acid in bark. The highest amount of rutin in leaf was obtained by microwave extraction.
Presence of rutin in S. purpurea extracts is in accordance with results of previous study of
Salix aegyptiaca, where rutin was one of the predominant flavonols in ethanolic bark extract
(Enayat et al., 2009). Our result are also in agreement with other previously published
reports which indicate that epicatechin is one of the most dominant flavonoids in willow bark
extracted in polar solvents (Jürgenliemk et al., 2007).
Correlation between antioxidant activity and total phenolics/flavonoids in bark and leaf
extracts of S. purpurea was tested. Statistically significant correlation between antioxidant
activity and total phenolics (R=-0.97, level of significance p<0.01), as well as flavonoids (R=0.955, level of significance p<0.01) of bark extracts was observed.
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Figure 1. Results of HPLC analysis of Salix purpurea leaf extracts

Figure 2. Results of HPLC analysis of Salix purpurea bark extracts

CONCLUSIONS
Results of this study suggest that microwave extraction is the most efficient tehnique for
obtaining highest extraction yield. Total phenolics and flavonoids content is higher in bark. All
examined extracts exhibited certain antioxidative activity. A highly significant correlation
between antioxidant activity and total phenolics and flavonoids in bark is observed, indicating
that these compounds contribute to the antioxidant activity of bark. Rutin was the most
abundant component of all extracts.
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ABSTRACT
Present study analyses the impact of different organic and mineral management systems on bread
wheat yields and yield trends from two long-term IOSDV experiments in Slovenia. Trial sites are
located in two various geographical (central and eastern Slovenia), climate zones (sub-alpine and
pannonian climate) and on soils with different texture (silt loam and loamy sand). Between 1992 and
-1
-1
2015 mean yearly temperatures increased significantly (0.041°C yr at Jablje and 0.049°C yr at
Rakičan) while mean yearly precipitations showed no significant changes. Yield data from 1993-2015
show that increasing mineral N rate significantly affected yields, with differences in nitrogen response
-1
curve among the locations observed. The highest average yields were 5203.2 kg ha at Jablje
-1
-1
(manure plus N3-185 kg N ha ) and 5123.81 kg ha (no organic fertilization plus N3 rate). No
-1
significant differences were observed after rate N2 (135 kg N ha ) at both locations. Average annual
increase of yields was 0.45% and 0.74%, respectively. Decrease of yields was observed in most N0
treatments (-0.82% and -1.84% respectively) and stagnation with only manure fertilization (-0.08% and
0.08%, respectively). Highest increase of yields was observed in very intensive systems (1.14% and
1.86%, respectively). Results suggest that with these trends, in particular environments, yields of
bread wheat could increase by ∼40% and ∼65% in very intensive production systems and ∼33 and
-1
∼59% in moderate intensive system (with N rate of 130 kg N ha ) by 2050, respectively.
Keywords: bread wheat yields, fertilization management, yield trends

INTRODUCTION
Within all the challenges in agriculture, the imperative to double global food production has
become ubiquitous (Tomlinson, 2013). It is estimated that to achieve the food security of
increasing population will also require an 70-80% increase in the global production by 2050
(Godfray et al. 2010; Tomlinson, 2013). This would have to be achieved mainly by the
increase of productivity per hectare (Van Grinsven et al., 2014, Shiferaw et al., 2013). Wheat
is important source of nutrients and food security in both developed and developing world,
consequently wheat is one of the most important crops for global food security (Shiferaw et
al., 2013). In Slovenia it is yearly grown on approximately 30% of all fields and about half of
grown varieties are intended for bread or other bakery products.Concerning fact is that a
number of authors are reporting stagnation or decline of wheat yields on a larger scale (Ray
et al., 2012), however there is also a remarkable variation among different regions observed
(Alexandros and Bruinsma, 2012; Ray et al, 2012). Since wheat contributes to about 20% of
the total dietary calories and proteins worldwide (Shiferaw et al., 2013) slowing, stagnation or
even decline of yield gains would have profound implications for the world food system (Ray
et al., 2012). There is a complex combination of factors affecting yield gains in developed
countries (Ray et al., 2012; Alexandros and Bruinsma, 2012). Among them are also socioeconomic and policy decisions, shifting agriculture in developed countries from intensive to
more environmentally acceptable (Ray et al., 2012; Grinsven et al., 2014). In contrast to
other multi-environment experiments, long term trials (LTE) are characterized by the same
cropping practices, repeated on the same plots for a long period of time, thus providing one
of the few methods to evaluate sustainability of different management systems in agriculture
(Onofri et al., 2016).
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The aim of this contribution is to analyze bread wheat yields and the effect of different
management systems on yield gains in two long-term IOSDV experiments in Slovenia.

MATERIAL AND METHODS
Experiment design and methodology was already presented in different articles (Tajnšek,
2013). Nevertheless, for the basic understanding of procedures, some details are presented.
Experiments started in the autumn of 1992. Trial sites are located at Jablje, (central Slovenia,
46°8´N, 14°33´E, altitude 307 m) and Rakičan (east Slovenia, 46°39´N, 16°11´E, altitude 186
m). Trials are designed with a three-year field crop rotation of maize / winter wheat / spring
oats (winter barley at Rakičan), each crop grown each year. The experimental field is divided
into three main plots (I, II, III), and each of those is divided into two main subplots. Within the
main plots, the experiment is set up as a completely randomized incomplete split-plot design
with three replications. Each individual experimental plot is 5×6 m. Two main experimental
factors are organic fertilization (systems A, B and C) and mineral nitrogen rates (N0, N1, N2
and N3). System A (control) has only N0 and N3 nitrogen (N) rates.
Table 1. Mineral N-fertilization and organic management plan for wheat in IOSDV experiments
-1
-1
-1
-1
N0 (kg N ha ) N1 (kg N ha )
N2 (kg N ha )
N3 (kg N ha )
0
65 (21/22*)
75 (21/22)
80 (21/22)
55 (31/32)
80 (31/32)
35 (45/50)
Organic fertilization
System A
System B
System C
no organic fertilization
30 t ha-1 of manure added to straw incorporation (maize straw
maize
(previous
crop
in incorporation to wheat)
rotation)
* growth stages according to BBCH growth stages codes (Meier, 2001)

Ploughing (25 cm), cultivation, seeding rate, sowing method, phosphorus and potassium
fertilization rates (133 kg ha-1 and 33 kg ha-1 per year, respectively) are the same for all plots.
Crops were planted using experimental parcel seed machinery, seed density and planting
dates were as recommended for specific variety on all plots. Weeds were controlled with post
emergence herbicides on all plots. If necessary, fungicides and insecticides were applied,
always to all plots. Crops were harvested at full maturity using a Wintersteiger small plots
harvester. The harvested area was 1.5 m × 6 m. Grain and straw were weighted and
samples were taken for further analysis. Grain moisture was measured immediately after the
harvest and if necessary later dried to 12-13% moisture.
Table 2. Varieties used in the experiment at both locations
cv. »Vulkan« - Q1
cv. »Soissons« - Q2**
cv. »Reska« - Q1*
93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15
Years
*
**

Q1-cultivar intended for bread baking (1. quality class)
Q2-cultivar intended for bread baking (2. quality class)

Jablje’s” climate is categorized as sub-Alpine climate (average yearly precipitation 1367 mm,
average yearly temperature 8.96 °C) and Rakičan’s climate is categorized as Pannonian
(average yearly precipitation 812 mm, average yearly temperatures 9.77 °C). Soils at Jablje
are classified as umbric Planosols (Plu) and at Rakičan Eutric Fluvisol (ELe), according to
FAO classification. Statistical analyses were performed using the Centurion Statgraphics XVI
statistical analysis program. Yields were subjected to repeated split plot analysis. Interactions
of organic and mineral fertilization and the effect of year were analyzed only with complete
treatments from system B and C. Treatments with main factor N at N0 rate or system A (no
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organic fertilization) were excluded from interactions calculations, as only one main factor
influences yields in those treatments. Model was specified with repeated factor “Year”,
random nested factor “whole plot”, fixed factor “organic fertilization” and random factor
“mineral N fertilization”. Presence of possible serial correlation was tested using the DurbinWatson test. Statistical significance of simple main factors was determined using ANOVA
and Tukey's HSD tests (P < 0.05). Trends were analyzed using simple linear regression.

RESULTS AND DISCUSSION
IOSDV Jablje
Average yields ranged from 1718 kg ha-1 (A-N0), the lowest, to 5240 kg ha-1 (B-N3), the
highest (table 4). Overall highest yields were observed in system B and rate N3, although
there were no significant differences between B-N2, A-N3 and C-N3. Average yields, if
manure was added, were higher in most of the years. Similar was observed with mineral
nitrogen, increasing N rate increased yields almost linearly.
Significant interactions of organic system (B) x year (D) (F(22,276)=2.98, p=0.0010) and
mineral N fertilization (C) x D (F(44, 276)=7.11, p=0.0000) were observed (Table 3). As
expected, year significantly interacted with organic and mineral fertilization, providing unique
set of random variability to yearly crop growth conditions. Onofri et al. (2016) reported
random fluctuations regarding the year-to-year weather variability and other biotic/abiotic
related factors having high effect on crop growth. Similar can be observed in our experiment.
Table 3. Results of main effects and interaction for grain wheat yields (1993-2015)
System B and C (N rate >0)
Jablje
Rakičan**
Factors
df
F
P
df
F
0.3559
A=Whole plot
2
1.09
2
0.20
B=Organic fertilization
1
39.51
0.0244
1
2.68
C=Mineral N fertilization
2
138.77
0.0000
2
9.75
D=Year (whole plot)
20
15.45
0.0000
19
10.77
0.5470
BxC
2
0.61
2
2.62
0.0010
BxD
22
2.98
21
1.77
CxD
44
7.11
0.0000
42
5.47
0.5002
B*C*D
44
0.99
42
1.15
Residual
276
264

P
0.8196
0.2431
0.0030
0.0000
0.0849
0.0570
0.0000
0.2501

* bold italic numbers indicate statistical significance
** year 2002 was excluded from calculation in Rakičan, due to violating the assumptions of normality

No interaction of organic and mineral fertilization was observed, F(2, 276)=0.61, p=0.5470.
Increasing mineral N equally impacted yields and no additive effects are observed. F
statistics gives some explanation for this; F value for main effect “mineral N fertilization” is
138.77 (df = 2), compared to F value 39.51 (df = 1) of main effect “organic fertilization”.
Mineral nitrogen is therefore the main driver among two factors, explaining the most variance
between yield means. However, while the N added is the main driver of yield in treatments
N1-N3, this is certainly not the case in N0. At rate N0 organic fertilization and year (as a
random combination of climate and abiotic/biotic factors) have the effect on yields.
Simple analysis of main factors revealed that, at N0, significantly higher yields are observed
with manure (Table 6). That could be explained by the fact, that around 14% of N can be
available from mineralization of manure in second year after incorporation (Eghball et al.,
2002). Nevertheless, Jablje has a slow mineralization start at spring, due to the wet and cold
conditions and most of N from manure is probably available to plants after the most critical
phases for yield establishment. Therefore in most years we can expect only a small relative
difference between yields if using manure. Relative yield gain with addition of manure was
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12.7% and 12.3%, compared B-N0 to A-N0 and C-N0 and 2.2% and 2.4% comparing B-N3
to A-N3 and C-N3, respectively.
Table 4. Mean yields of wheat in different management systems at Jablje (1993-2015) (n=690)
System A
CV
System B
CV
System C
CV
Mineral
-1
-1
-1
N rate
kg ha ± SD
%
kg ha ± SD
%
kg ha ± SD
%
N0
1718.51±595.60 34.97
1915.69±651.57
34.01 1709.81±608.04
35.56
a* A**
aB
aA
N1
3701.20±744.44
20.11 3502.83±698.46
19.94
bD
bC
N2
4872.17±953.38
19.57 4743.80 ±792.43
16.70
cE
cE
N3
5089.33±921.43 18.10
5203.2±1029.52
19.79 5078.37±914.62
18.10
bF
cF
cF
n=690
*means marked with different small letters represents significant differences between N rates among the selected
system according to the results of Tukeys HSD test at (P<0.05)
**means marked with bold italic capital letters represents significant differences among yields according to the
results of Tukeys HSD test at (P<0.05)

IOSDV Rakičan
Average yields ranged from 2187 kg ha-1 (C-N0), the lowest, to 5124 kg ha-1 (A-N3), the
highest (table 5). No significant differences were observed after the N2 rate, regardless of
organic fertilization. Natural soil fertility is also higher at Rakičan, at A-N0 yields were 2306
kg ha-1 compared to 1916 kg ha-1 in Jablje. Yields were higher with the addition of manure,
however no statistical differences were observed. The addition of manure was significantly
beneficial only at low N rates. Relative yield difference was 19.2% and 23.7% if compared to
A-N0 and C-N0 and -3.5% and 0.2% if compared to A-N3 and C-N3, respectively. At N3
yields were showing a decrease with manure and straw incorporation. This is probably
related to the increased presence of fungal diseases (e.g. Fusarium spp.) due to organic
residues in topsoil (Maiorano et al, 2008). Year significantly interacted with mineral
fertilization (F(42,264)=5.47, p=0.0000). No significant B x C (F(2, 264)=2.62, p=0.0849) and
B x D (F(21,264)=1.77, p=0.0570) interactions were observed (Table 3).
Table 5. Mean yields of wheat in different management systems at Rakičan (1993-2015) (n=660)
System A
CV
System B
CV
System C
CV
Mineral
-1
-1
-1
N rate
kg ha ± SD
%
kg ha ± SD
%
kg ha ± SD
%
N0
2306.11±679.57
29.47 2855.96±809.90
28.36 2178.36±679.43
31.19
a* AB**
aB
aA
N1
4363.09±1106.45
25.36 4026.71±889.46
22.08
b CD
bC
N2
4972.33±1242.01
24.98 4853.27±1155.31
23.80
cD
c DE
N3
5123.81±1191.01
23.24 4951.00±1458.22
29.45 4938.35±1363.7
27.61
bD
cD
c DE
*means marked with different small letters represents significant differences among N rates among the selected
system according to the results of Tukey's HSD test at (P<0.05)
**means marked with bold italic capital letters represents significant differences among yields according to the
results of Tukey's HSD test at (P<0.05)

Yield trends
The most straightforward way to model fertility trends is by fitting a simple linear regression
of yield over time (Piepho et al., 2014). Trends from N0 were not significant, except A-N0 and
B-N0 in Rakičan, where 1.8% year-1 decrease of yields was observed. Nevertheless, if no
mineral N was added, yields were decreasing in most of the treatments. Similar results were
reported by Das et al. (2014), however, they observed higher increasing trends with organic
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fertilization under subtropical climatic conditions. With the addition of mineral N all trends
were significant and slopes indicating yearly increase. Long-term ‘fertility’ trends are not of
random nature and relate to the sustainability of each cropping system (Onofri et al., 2016).
A system with an upward trend should be more sustainable at least in the context of yields,
compared to one with a downward trend in the long run.
Table 6. Yield trends in different management systems in IOSDV trials
Management
Jablje
Rakičan
system
2
Slope Yield gain r
p
Slope
Yield gain
(%)
(%)
A-N0
-11.45 -0.67
1.65
0.2929 -42.17
-1.83
B-N0
-1.56 -0.08
0.02
0.8963 2.20
0.08
C-N0
-16.76 -0.98
3.39
0.1298 -40.41
-1.85
B-N1
29.45 0.80
6.99
0.0282 55.23
1.27
C-N1
25.21 0.72
5.82
0.0459 37.78
0.94
B-N2
46.08 0.95
10.43
0.0068 80.57
1.62
C-N2
39.29 0.83
10.98
0.0054 82.00
1.69
A-N3
58.1
1.14
17.75
0.0003 95.53
1.86
B-N3
49.31 0.95
10.24
0.0074 91.77
1.85
C-N3
45.74 0.90
11.17
0.0050 88.81
1.80

2

r

p

17.91
0.04
16.46
11.59
8.39
19.57
23.43
29.93
18.42
19.73

0.0004
0.8827
0.0007
0.0052
0.0183
0.0002
0.0000
0.0000
0.0003
0.0002

The highest increase was observed at A-N3 at both locations (1.14% and 1.86% year-1),
nevertheless difference to B-N2 is small. Overall yield gains were higher at Rakičan, as can
be observed in Figure 1.
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Figure 1. Average yields trends of bread wheat grain in extensive and very intensive management
systems in both locations of OSDV trials (1993-2015)

No management system in our experiments achieved the increase of 2.4% year -1, discussed
by Ray et al. (2013) as needed to double the wheat production by the year 2050.
Nevertheless, there are also some critical perspectives on these estimations presented
(Tomlinson, 2013). As expected, there is a remarkable random variability around these
trends, as expected with his type of experiments (Laidig et al., 2014). Results suggest that
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wheat yields and yield sustainability cannot be achieved only by modern variety alone and
must be supported with proper management practice. However, high intensive systems can
be unstable in a long time for a number of reasons (Van Grinsven, 2014) and thus
questionable in the long term. Results of our experiments demonstrate that yearly yields
increase from moderate intensive system can also be comparable.

CONCLUSIONS
Wheat yields and yield sustainability cannot be achieved only by variety alone and must be
supported with proper management practice. This is evident in our trials, where wheat yields
significantly respond to N fertilization, however with differences in response among the
locations. In our trials were trends yield gains from less intensive systems comparable to
high intensive systems. Nevertheless, no system in our experiments achieved targeted
increase of 2.4% year-1, discussed by some researchers as needed to double the wheat
production by the year 2050.
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ABSTRACT
The aim of the present study was to examine how different management systems influence yield and
mineral composition of oats. Slovenian spring oat variety ‘Noni’ was included in the long-term field
experiment folowing three management systems (A – no organic fertilization, B – farmyard manure
and C – straw/catch crop). Different mineral nitrogen (N) fertilization rates were applied during the oats
development within each system, i.e. 0, 55, 110 and 165 kg/ha. The grain yield varied between 1.6
and 4.9 t/ha dry weight, and was significantly higher when the mineral N fertilization in rates of 110
and 165 kg/ha was applied during the growth. The straw yield varied from 1.0 to 2.6 t/ha dry weight.
Dried oat grains contained from 11% to 13% of moisture. The multi-mineral analyses of thirty
homogenised oat grain samples were performed non-destructively using energy dispersive X-ray
fluorescence (EDXRF) spectroscopy. Eleven minerals were obtained and divided into two groups: the
macro-minerals Si, K, P, S, Ca and Cl, and the micro-minerals Ti, Zn, Br, Rb and Sr. Oat grains
contained, regardless of treatment, important dietary minerals, including trace minerals Zn and Br.
There were significant (P < 0.05) differences between the management systems and mineral N
fertilization rates in view of grain mineral compositions for P, Ca, Cl, Ti, Zn, Br and Rb, grain
moistures, and grain and straw yields.
Keywords: spring oat, minerals, mineral nitrogen, X-ray fluorescence, yield

INTRODUCTION
Common oat (Avena sativa L.) is an annual crop species and important for human and
animal nutrition (Butt et al., 2008). Oats are cultivated in temperate regions and form an
important dietary staple in number of countries (Chatuevedi et al., 2011; Singh et al., 2013).
Slovenian oat production in 2015 covered 1506 ha with the yields of 5023 t (STAT, 2015).
Most of these oats is used for animal feed, although there is a great potecial for human
consumption as well, especially for smal scale organic farmers.
Oats are distinct among the cereals due to their multifunctional characteristics and nutritional
profile. They are a good source of functional constituents including proteins, lipids, dietary
fibre and β-glucans, containing a number of important minerals and antioxidants reported to
benefit the various human health disorders (Kan, 2015; Singh et al., 2013). Compared to
other cereals, oat grain contains a larger amount of total proteins and fats and a smaller
amount of dietary fibre. The characteristic feature of its proteins is a good amino acid
composition with a relatively high nutritive value (Kan, 2015). Oat grains with their high
nutritional and energy value are important, recognisable and recomanded components of the
everyday diet (Rakić et al., 2014).
Mineral elements are among the most important phytochemicals due to their important role in
the maintenance of human health (Dias et al., 2016). Humans require several different
minerals for their wellbeing and these are called essential minerals. The essential minerals
are usually classified into two main groups according to their concentration in the body; the
macro-minerals such as calcium (Ca), phosphorus (P), magnesium (Mg), potassium (K) or
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sodium (Na), and the micro-minerals such as iron (Fe), copper (Cu), manganese (Mn) or zinc
(Zn). Mineral malnutrition is considered to be among the most serious global challenges to
humankind. The minerals most commonly lacking in human diets are Fe, Zn, Cu, Ca, Mg, I
and Se (White and Broadley, 2009). One sustainable agricultural approach to reduce
malnutrition among people is to enrich major staple food crops with micronutrients through
nutritional enrichment strategies (Ahmed et al., 2014). The minerals of most obvious
importance to bone health are Ca and P, since they comprise roughly 80 % to 90 % of the
mineral content of bone (Ilich, 2016). Epidemiological studies report strong positive
associations between dietary silicon (Si) intake and bone mineral density in premenopausal
women (Jugdaohsingh et al., 2015).
To our knowledge, there is a lack of data consider the influence of different management
systems and nitrogen fertilization rates on the mineral composition of oat grains. The aim of
the present study was to examine the yield and multi-mineral composition of spring oat
variety ‘Noni’ grown at three management systems (A – no organic fertilisation, B – farmyard
manure and C – straw/catch crop) and four mineral nitrogen (N) fertilization rates (0, 55, 110
and 165 kg/ha).

MATERIAL AND METHODS
Oats were grown within a static long-term IOSDV field experiment at the Infrastructure
Centre Jablje of Agricultural Institute of Slovenia in central Slovenia (46°7´N 14°34´E; altitude
308 m a.s.l.; sub-Alpine climate). Detailed procedure regarding IOSDV field experiment was
described previously (Tanjšek et al., 2013). In 2015 the Slovenian spring oat variety ‘Noni’
(maintainer Agricultural Institute of Slovenia) was grown as the main crop. This variety is
resistant to diseases and lodging, has high yield, middle late ripening and medium-sized
grains. Ten different treatments were compared in the experiment: management system with
no organic fertilizers (A) at N0 and N3 mineral N rates; farmyard manure ploughing system
(B) at all four mineral N rates; and straw/catch crop ploughing system (C) at all four mineral
N rates. Folloving mineral nitrogen (N) fertilization rates (N0, N1, N2 and N3) were applied
during the oats development within each system, i.e. 0, 55, 110 and 165 kg/ha. The mature
oat grains were harvested at the end of July 2015 and stored in paper bags in dark place
with temperature of 17°C. Straw and grain yields were determined for each of 10 plots (9 m2)
in three repetitions. The data are expressed as kg/ha DW (dry weight). Moisture (%) of dry
oat grains was determined by heating the samples to 103°C for 4 h (EC 152/2009 App. III A).
Whole oat grains were homogenised using laboratory mill (Retsch ZM 200).
The multi-mineral analysis of 30 homogenised oat grain samples was performed nondestructively using energy dispersive X-ray fluorescence (EDXRF) spectroscopy. From 0.5 to
1.0 g of sample material pellets were prepared using a pellet die and hydraulic press. The
pellets were analysed using an EDXRF spectrometer composed of a Si (Li) detector
(Canberra), a spectroscopy amplifier (M2024, Canberra), an analog to digital converter
(M8075, Canberra), and a PC based multichannel analyser (S-100, Canberra). As primary
excitation sources, the disc radioisotope excitation sources of Fe-55 (25 mCi) and Cd-109
(20 mCi) from Eckert & Ziegler (USA) were used. The spectrometer was equipped with a
vacuum chamber. The energy resolution of the spectrometer was 175 eV at 5.9 keV. An
analysis of the X-ray spectra was made using the AXIL (IAEA, Vienna, Austria) spectral
analysis program (Nečemer et al., 2008). Quantification was performed using the in-house
developed QAES (Quantitative Analysis of Environmental Samples) software. The estimated
uncertainty of the analysis was 5 % to 10 %. The data are expressed as g/kg DW or mg/kg
DW.
Statistical calculations and multivariate analysis were carried out using the XLSTAT software
package (Addinsoft, New York, USA). Basic statistics included mean values, standard
deviation (SD), minimum and maximum. Simple statistics including analysis of variance of
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normally distributed data by ANOVA with Duncan's test for comparisons of means (P <0.05)
and for not normal distributed data one-way analysis of variance by ranks (Kruskal-Wallis
test) were carried out in order to find out statistically significant parameters for possible
discrimination among thratments. Further, for determination of key parameters responsible
for differentiation of management systems and for discrimination of mineral N fertilization
rates, the multivariate analysis by discriminant analysis (DA) was used.

RESULTS AND DISCUSSION
Oat grain and straw yields of spring variety ‘Noni’ showed high variability regarding different
management systems and mineral N fertilization rates applied during the growth. Oat grain
yields ranged from 1568 to 4863 kg/ha DW and straw yields from 1024 to 2621 kg/ha DW
(Table 1). The highest grain and straw yields were found for the management system B at
the highest mineral N fertilization rate of 165 kg/ha. Both yield parameters and grain moisture
were normally distributed and accordingly to ANOVA test all were found statistically
significant (P<0.05). Significant higher grain yields were found within each of three
management systems when the mineral N fertilization at rates of 110 and 165 kg/ha were
used. All three management systems without N fertilization resulted in significantly lover
grain and straw yields. Global means of 32 commercial oat varieties showed lower grain
yields compared to ours, ranging from 817 to 2687 kg/ha (Sánchez-Martín et al., 2014). Oat
grains moisture varied from 11.08 % to 12.54 % (Table 1). Overall, the highest grain moisture
was found for those grown in the management system C without N fertilization. Significant
higher grain moisture was identified for oats grown, regardless the management systems,
without N fertilization.
Table 1. Oat grain yield (kg/ha DW), straw yield (kg/ha DW) and gain moisture (%) as influenced by
management system and mineral nitrogen fertilization rates observed in 2015.
Yield (kg/ha DW)
Mineral N rate
Grain moisture
Management system
(kg/ha)
(%)
Grain
Straw
c
b
b
0
1699 ±166
1055 ±188
12.11 ±0.47
A
No
organic
a
a
c
fertilization
165
4453 ±232
2230 ±342
11.15 ±0.06
c
b
b
0
1909 ±98
1175 ±90
12.11 ±0.25
a
a
c
55
4243 ±647
2109 ±342
11.08 ±0.08
B - Farmyard manure
a
a
c
110
4704 ±324
2139 ±758
11.28 ±0.34
a
a
c
165
4863 ±339
2621 ±239
11.08 ±0.13
c
b
a
0
1568 ±245
1024 ±52
12.54 ±0.12
b
a
c
55
3633 ±128
2441 ±181
11.37 ±0.08
C - Straw/catch crop
a
a
c
110
4520 ±63
2471 ±188
11.17 ±0.11
a
a
c
165
4138 ±230
2471 ±291
11.27 ±0.15
Significance
***
***
***
a,b,c

Data are means ±SD of three replicates (n = 3). Level of significance: ***, P≤0.001.
Means in the same column
with different superscript letters are significant different according to Duncan's test (P<0.001)

Eleven minerals were identified in this study of 30 oat grain samples. These minerals can be
divided into two groups: the macro-minerals Si, K, P, S, Ca and Cl; and the micro-minerals
Ti, Zn, Br, Rb and Sr (Table 2). Among quantified macro- and micro-minerals, all of them
except Si, were normally distributed and accordingly to ANOVA test P, Ca, Cl, Ti, Zn, Br and
Rb were found statistically significant (P<0.05). Parameter Si with not-normally distributed
variances was significant according to the Kruskal-Wallis test. The highest levels of minerals
Si, Ca, Cl, Ti, Zn and Br were found in all three management systems without additional N
fertilization. Significant higher concentration of micro-mineral Rb was found within each of
three management systems when the mineral N fertilization at highest rate of 165 kg/ha were
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used. The concentrations of the determined minerals are in accordance of those reported in
the literature (Rodehutscord et al., 2016).
Table 2. Macro- (g/kg DW) and micro-mineral (mg/kg DW) composition of oat grains as influenced by
management system and mineral nitrogen fertilization rates observed in 2015
Management
system
Mineral N rate
(kg/ha)

Macrominerals
(g/kg DW)

A - No organic
fertilization

B - Farmyard manure

0

165

0

55

110

165

0

55

110

165

Si

10.22

4.52

7.39

4.07

3.41

4.07

6.14

3.60

4.50

5.03

Ns

K

4.04

4.55

4.23

3.85

4.68

4.41

4.62

4.19

4.14

4.50

Ns

P

2.40

S

1.09

a

Sign.

a

bc

c

ab

2.58

2.87

1.98

1.95

2.39

2.93

0.98

1.16

0.99

0.96

1.19

1.15

0.71

ab

Cl

0.34

a

0.25

0.36

0.27

0.32

Ti

75.40a

39.37d

63.40b

31.77d

44.63c

a

b

a

b

b

Ca

Microminerals
(mg/kg
DW)

a

C - Straw/catch crop

Zn

29.73
a

b

a

0.64

0.73

b

20.40
b

b

0.64

b

27.67
b

b

0.58

a

22.67
b

b

21.43
b

ab

abc

abc

2.81

2.40

2.45

*

1.16

1.08

1.06

Ns

0.73

a

0.30

0.36

a

0.28

0.27

0.27

37.93d

61.10b

38.57d

31.70d

33.77d

***

b

a

b

b

b

***

0.68

ab

ab

b

23.47
c

30.13
a

b

b

0.59

0.58

b

b

22.07
b

**

c

***

0.61

c

22.13

c

21.00
b

Br

7.49

6.21

6.67

4.68

5.63

3.96

9.41

6.02

5.49

4.85

***

Rb

1.87b

3.80a

1.94b

2.25b

3.45a

4.10a

1.32b

2.24b

2.30b

3.38a

***

Sr

0.92

1.47

1.41

1.22

1.14

0.89

1.06

1.24

1.33

1.16

Ns

Data are means of three replicates (n = 3). Sign.: levels of significance; ***, P≤0.001; **, P≤0.01; *, P≤0.05; Ns,
a,b,c,d
not significant.
Means in the same row with different superscript letters are significant different according to
Duncan's test (P<0.05)

Multivariate statistical analysis by discriminant analysis was used in order to verify the
possibility to discriminate the oat grains according to the mineral nitrogen fertilization rates
(Figure 1) and management systems (Figure 2). The discrimination across the data set of
thirty oat samples for four nitrogen fertilization rates from three management systems is
shown in Figure 1. Discriminant analysis was carried out across 14 parameters: grain yield,
straw yield, grain moisture, and the minerals Si, K, P, S, Ca, Cl, Ti, Zn, Br, Rb and Sr.

Figure 1. Discriminant analysis (DA) of the 30 oat grain samples according to the mineral nitrogen
fertilization rates (0, 55, 110 and 165 kg/ha)

Figure 1 shows a plot of the first two discriminant functions. The curve defined by the first two
discriminant functions F1/F2 represents 94.56 % of the total variance. The relative magnitude
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of the standardized discriminant function scores for discriminant function 1 (89.28 % of the
total variance) indicated the tendency that in the following order: the content of Ti, Si, grain
yield and the content of Cl, were the major contributors to this function. The main
discriminating parameters in function 2 were the content of K, straw yield, the content of S
and P. Groups of the oat grain samples from all management systems are well discriminated
according to the N fertilization rates used during the growth.
Figure 2 shows the discrimination due to the type of management system used for the
original data set of 30 oat grain samples. Discriminant analysis was carried out with the same
14 parameters as given above. The curve defined by the first two discriminant functions
F1/F2 here represents 100 % of the total variance. The relative magnitude of the
standardized discriminant function scores for discriminant function 1 (62.41 % of the total
variance) indicated the tendency that the content of Ti, grain moisture, the content of Ca and
grain yield were the major contributors to this function. The main discriminating parameters in
function 2 were the content of Br, Si, Ca and Cl. Groups from all three management systems
are well discriminated.

Figure 2. Discriminant analysis (DA) of the 30 oat grain samples according to the management
systems (A – no organic matter, B – farmyard manure ploughing, C – straw/catch crop ploughing)

CONCLUSIONS
According to our experiment the production system has a great impact on the yield and
mineral composition of oats. Overall, the highest yield was observed in the management
system B (farmyard manure ploughing) at the highest mineral nitrogen fertilization rate (165
kg/ha). Harvested oat grains contained important dietary minerals, including trace minerals
Zn and Br.
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ABSTRACT
This paper discusses the influence of mixing of soft wheat grains of different classes on the following
parameters: quantity and quality of gluten, sedimentation number, protein content and falling number.
As the result of research, it was discovered that during mixing the wheat of different classes, quality
parameters of batches acted according the laws of mixing. Strong class of wheat increased output and
improved quality of wheat only when it was mixed with weaker classes of grains. When mixing the
grain batches of the 3-rd and the 5-th classes, the increase in gluten quantity and quality occured and
it led to the mixture transfer to a higher class, practically in all mixing ratios. The falling number was
not in accordance with the mixing laws due to grain fermentation process. The sedimentation number
can be used for the preliminar estimation of the grain quality. The better the gluten swells, the higher
the sedimentation number is. When mixing the wheat grain batches of different classes, the
economical effect from 140 to 420 hrn. (Ukrainian hryvnia) per 1 ton can be obtained.
Keywords: wheat grain, mixing of grain batches, quality indicators

INTRODUCTION
Formation of the ground wheat batches is carried out in order to maintain the long term
stability of the technological grain processing and to obtain the flour with the consistent
baking properties. By blending the grains of different quality, the flour of stable quality is
obtained and also the rational and effective raw material usage can be achieved. Besides
that, the method of mixing the grains of different quality can be used during formation of grain
batches of certain varieties.
Formation of blends allows not only to use the wheat of the reduced quality, which can not be
used independently for making standard flour, but is often accompanied by the effect of
deviation from the theoretical quality value in the direction of the improvement of baking
qualities of flour (Martyanova et al., 1986; Myasnikova et al., 1971).
One of the guarantees of the successful development of the blends at shipping elevators is
the correct estimation of the wheat quality and formation of wheat grain batches for food
purposes with increased quality, utilizing the grains with low quality indices. Formation of the
enlarged grain batches having a special purpose presents a complicated technological
process, which demands the technological system development, taking into account grain
quality, from field, to milling, ending up with bread-receiving enterprises. The effective
application of the technical equipment from the post harvesting provides improvement of the
production quality and storage and requires the elevators with the correct grain distribution
by the existing production lines, taking into account its qualitative and quantitative condition
(Iztaev, 1992).
The questions concerning the mixing ability of soft wheat grains of the different classes
(mixtures of 1-2 classes,1-3 classes, 2-3 classes, 4-3 classes) have been studied at the chair
of “Technology of grain storage” of Odessa National Academy of Food Technologies during
the last several years (Borta et al., 2016; Yakovenko and Borta, 2012, Yakovenko et al.,
2013).
In our current research we will consider the mixing ability of classes 3-5.
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The aim of this research is to study the mixing ability of the soft wheat grain of different
classes in terms of the following indices: gluten quality and quantity, the sedimentation
number, the protein content and the falling number. The wheat samples, which differed from
each other by these indices, have been taken. The optimum ratio of different wheat classes
in the ground batch has been established with the help of the experimental laboratory
grinding of the blends with different quality. The blends were consisted of the grains of two
different wheat samples in the following ratios 100-0; 75-25; 50-50; 25-75; 0-100%.

MATERIAL AND METHODS
The samples of 3rd and 5th classes of wheat grain have been used, the quality indices of
which are given in the Table 1.
Table 1. The quality parameters of wheat samples
Samples
Classes
Moisture content, %
The proportion of glassy structure
Wet gluten content, %
Germinated grains, number
Bug damage
Gluten quality group - units of the
index of gluten deformation (IGD)
Falling number, seconds
Protein content, %

3
13.8
38
19.8
1.32
-

5
13.1
68
16.8
1.6
-

47

72

251
12.2

320
10.8

RESULTS AND DISCUSSIONS
The results of the determination of the quantity and quality of the wet gluten, falling number,
the sedimentation number and protein content in the mixture, have been compared to the
calculated (average-weighed) values of these indices.
From the obtained experimental data (tables 2-6) it can be seen that quantity and quality of
the gluten, when mixing the wheat of 3rd and 5th classes, deviated from mixing laws in some
indices. The differences between the calculated and experimental data for wet gluten were
within the accuracy of the method (Table 2), while there were some differences between
calculated and estimated gluten quality parameter (Table 3).
Table 2. The content of the wet gluten when mixing wheat of different classes, %
75%/
50%/
25%/
Class
100%/0%
0%/100%
25%
50%
75%
Actual
19,8
19,0
18,0
17,2
16,8
3
Calculated
19,8
19,05
18,03
17,55
16,8
Table 3. Gluten quality when mixing the wheat of different classes, units of IGD
75%/
50%/
25%/
Class
100%/0%
0%/100%
25%
50%
75%
Actual
47
52
62
68
72
3
Calculated
47
53,25
59,5
65,75
72
Table 4. Protein content in mixing the wheat of different classes, %
75%/
50%/
Class
100%/0%
25%
50%
Actual
12,2
11,8
11,4
3
Calculated
11,85
11,5
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25%/
75%
11,3
11,15

0%/100%
10,8

Class
5

Class
5

Class
5
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In comparison to the initial values of gluten quantity parameters (3-rd class-19.8%, 5-th
class-16.8%), for all the mixtures the class was increased to the 3-rd or the 4-th. From the
results presented in table 4, the same can be noticed for the protein content, since the
increase in the blend quality to a higher class was achieved.
Table 5. The decrease number when mixing wheat of different classes, seconds
Class
100%/0%
75%/
50%/
25%/
0%/100%
25%
50%
75%
Actual
251
269
274
313
320
3
Calculated
268,3
285,5
302,8
Table 6.The sedimentation number when mixing wheat of different classes, ml
75%/
50%/
25%/
Class
100%/0%
0%/100%
25%
50%
75%
Actual
32
25
24
28
10
3
Calculated
26
21
26

Class
5

Class
5

Table 7. The profit per 1 ton when mixing the wheat of different classes, hrn (Ukrainian hryvnia)
Class
100%/0%
75%/ 25%
50%/ 50%
25%/ 75%
0%/100%
Class
3

3830

83

165

248

3500

5

As it can be seen from Table 5 the experimentally determined falling number values did not
correspond to the calculated values. When mixing the grain batches of the 3-rd and the 5-th
classes, reduction in the falling number for blend 50 %/50 % has been observed, while for
the blends 25 %/75 % and 75%/25% an increase in the experimentally determined falling
number in comparison to calculated one was noticed.
The sedimentation value is the number which shows the volume of the sediment obtained at
certain conditions from the suspension of the flour in lactic acid, expressed in cubic
centimeters. The amount of gluten in the flour is not a reliable factor of the flour quality. The
determination of the sedimentation number can serve as an additional method. In
determining the quality of the wheat flour the sedimentation method is used, which is a
complex method, characterizing flour baking quality, since it indicated to the quality gluten
(Yakovenko and Borta, 2012) .
Since the sedimentation number depends on the grinding degree, the same grinding degree
was kept by controlling the sieve № 43.
According to the results of the previous investigations (Myasnikova et al., 1971, State
standard 27669-88, Yakovenko and Borta, 2012) the strong wheat variety gives the quality
improvement of the batch only when it is added to the weaker varieties in the amount of 1535%. It is recommended to carry out the investigations using new strong wheat varieties in
the mixture with the weak ones to improve the batch quality.
From table 7 we can see that when mixing grain batches of the 3-rd and 5-th classes, there
is a financial profit from 83 to 248 hrn per 1 ton of grain. When comparing the indices of
wheat grain quality of different countries, we can draw the conclusion, that during wheat
export from Ukraine, it is necessary to take into account ordinary (average) potential abilities
of using the sold grain beforehand and to compare the grain quality not only on the basis of
protein and gluten content, but, what is more important, to compare the quality of the
processed products. The standards of different countries can not be compared, because
there is a difference in the methods of determining the parameters needed for the wheat
classification. So, the certification of the wheat sample is very time consuming, if it is
classified according to the current standards. It is important, during determining of the quality
indices, to carry out the analyses by using same methods, which would be used by the
foreign customers. Besides that, we must consider the price as the index, which was formed
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under the influence of the market factors. Difference in prices for grains of different quality
can vary a lot in different harvest years. The same can be said about the difference in the
prices of one variety in different parts of the world or even Ukraine. So the dependence of the
price on quality, if we do not take into account the market factors, is exceptionally the subject
of agreement between different parties.

CONCLUSIONS
From the obtained experimental data we can conclude that blending the wheat grain batches
of different classes, influences the change in the amount and quality of gluten meaning that
wheat class with the lower quality can be transfered into the higher class. When mixing the
grain batches of the 3-rd and the 5-th classes in all the studied ratios, the increase in gluten
quantity and quality occurred, which led to the blend transfer to a higher class. The value of
the falling number was not in accordance to the mixing laws due to grain fermentation
process. The sedimentation number can be used for the preliminary estimation of the grain
quality. The better the gluten swells, the higher the sedimentation number is. When mixing
the wheat grain batches of different classes, the economical effect from 140 to 420 hrn. per 1
ton can be obtained.
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ABSTRACT
It is known that the range of technological quality of wheat is wide, thus several wheat classes are
known: basic varieties, bread varieties and improver varieties. Apart from genetic potential, the quality
of wheat is also influenced by agro-technical and climate conditions. Regarding the complexity of
factors which have an influence on the quality of wheat, the quality of flour varies every year, while the
demands of the consumers regarding bread quality are higher. The most common way to improve the
quality of the low quality flour is by adding tailor-made complex improvers.
Three well-known components which have an important impact on the quality of flour such as: vital
wheat gluten, (at doses: 1% and 2%), ascorbic acid (at doses: 0, 50 and 100 mg/kg) and citric acid (at
doses: 0, 50 and 100 mg/kg) were used in the experiment. Both individual and combined effects of
applied components on the characteristics of flour (extensograph area- an indicator of flour energy
and dough retention volume) and on the bread quality (specific volume of bread and bread crum
resilience) were analyzed. The achieved results showed that the mixture which consisted of 100
mg/kg of ascorbic acid, 76.74 mg/kg of citric acid and 1.19% of vital wheat gluten increased the flour
2
2
energy from 33 cm to 71.5 cm , dough retention volume from 1482 ml to 1670 ml; specific volume of
bread from 4.13 ml/g to 4.97 ml/g and crumb resilience from 34.9% to 38.1%.
Keywords: technological quality, wheat flour, optimization

INTRODUCTION
In some years, climatic and agro technical factors exert larger impact on the quality of wheat
than genetic factors. Large temperature fluctuations and uneven precipitations during the
important developmental phases in wheat adversely affect yield and quality, leading to as
much as 40% decrease (Malešević et al., 2008). The consequence of unfavourable
environmental conditions and quality deterioration is inadequate quality of wheat flour in
bread making. Poor rheological properties of dough (low extensograph energy and
resistance to extension, and low gas retention volume according to rheofermentometer) in
combination with diminished dough handling ability entail low end-product quality (Filipčev et
al., 2002; Šimurina et al., 2004). Weak bread flours require adjustments of processing
parameters and treatment with adequate improvers (Šimurina et al., 2002; Mastilović et al.,
2008). Improvement in processing properties of poor breadmaking quality commercial wheat
can be achieved by the addition of ascorbic acid (Elkassabany and Hoseney, 1980) and
transglutaminase (Caballeroa et al., 2005; Benković et al., 2010) or their mixture in the dough
during mixture.
The use of L-ascorbic acid (L-AA) as oxidative agent is extended in breadmaking industry.
Numerous studies implied that L-ascorbic acid in wheat dough acts as an "alosteric activator"
which change the gluten sterical structure very specifically and exclusively by oxidizing the
sulphydryl group of cysteine residue forming inter- and intramolecule disulfide bonds in
protein molecules (Preston and Hoseney, 1991; Nakamura and Kurata, 1997). L-Ascorbic
acid produces the highest effect in weak flours at doses ranging from 50 mg/kg to 100 mg/kg
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flour basis, increasing bread volume up to 18% (Selomulyo and Zhou, 2007, Šimurina et al.,
2006).
Citric acid is most commonly used as a means for acidification of the dough from ray flour. A
few studies have focused on citric acid effect on wheat dough, and there is a significant lack
of research related to its synergistic effect with ascorbic acid on the dough from low
technological quality flour.
Chemical structures of ascorbic and citric acid are very similar (differing only in the number
of oxygen atoms, citric acid contains one oxygen atom more).
However, their molecular structures are significantly different, and their functions in the
processing flour industries are different: ascorbic acid is commonly used as an antioxidant
and citric acid as a preservative.
Ascorbic and citric acids have found a wide use in the manufacturing process due to their
cost of production (Wehrle et al., 1997; Soccoll et al., 200).
The fact that the citric acid has a positive effect on the properties of dough in the presence of
salts has stimulated further research towards the analysis of its activity on dough from wheat
flour with extremely low energy (Wehrle et al., 1997; Kefalas et al., 2009).
Vital wheat gluten, a by-product of wheat starch extraction process, is characterized by high
protein content (75-85% dry basis) and good viscoelastic properties (Stenvert et al., 1981).
The addition of vital gluten increases dough stability, improves gas retention (Hoseney
1984), loaf volume, crumb grain, texture, softness and shelf life (Wiepert and Zwingelberg,
1992).
In this work, the individual and combined effects of ascorbic acid, citric acid and vital wheat
gluten on dough rheology and bread quality were studied on low quality flours. The optimal
doses of improvers were determined using the desirability function with the aim of improving
of certain rheological and fermentative properties of dough and bread quality. Selection of
factors for optimization was based on preliminary experiments and prior knowledge of the
literature.

MATERIAL AND METHODS
Raw Materials
Commercially available wheat flour was used in the experiment with moisture, ash, and
protein contents of 14%, 0.55% d.b. (dry basis) and 12.2% d.b. respectively (AOAC, 2000).
The flour was characterized with wet gluten content 27,0%, farinograph water absorption
59%, farinograph degree of softening 75 B.U., extensigraph area i.e. flour energy 33 cm2,
resistance to extension 130 B.U. and amylograph peak viscosity 300 B.U.
The L-ascorbic acid and the citric acid are commercial preparations by producer BASF,
Germany. Applied doses for both acids are: 0, 50 and 100 mg/kg flour. Vital gluten was
applied with the following characteristics: moisture 8.06%, crude protein (Nx6.25) 82.17%,
crude fat 2.21%, ash content 0.87%. Vital wheat gluten was supplied from “Fidelinka”,
Subotica.
Dough preparation
Dough samples were prepared in a Farinograph mixing bowl using 300 g flour, compressed
yeast 12 g, salt 6 g, and the amounts of the ascorbic acid (L-AA), the citric acid (CA) and vital
wheat gluten (VWG) were added according to the experimental design outlined in Table 1.
The amount of water added was as per the Farinograph water absorption value according
dough consistency at 500 BU. The mixing times were based on the development time plus 1
min. A new batch of dough was mixed for each fermentation test. For the test of retention
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volume, a 315-g dough piece was placed in a movable basket of the Reofermentometer F3
immediately after mixing. For the baking test, the dough was divided into 350-g pieces
manually rounded, rolled, and put into tin pans. Final fermentation and baking were done
according to the method described in the work of Filipčev et al. (2010).
Methods
Dough energy is determined using Brabender extensograph by ICC Standard 114/1. The
area under the curve represents extensografic work, or energy that is spent on stretching
dough pieces and is expressed in cm2.
The Rheofermentometer (Chopin, Tripette & Renaud, France) was used to study the dough
retention volume CO2 [ml].
Loaf volume was measured 24h after baking using the VolScan Profiler (Stable Micro
Systems, England). Specific volume was calculated from the loaf weight and volume. Crumb
firmness and resilience were measured with a TA.XT2 Texture Analyzer (Stable Micro
Systems, Surrey, UK) equipped with an aluminium 36-mm diameter cylindrical probe
(P/36R). A bread slice (25 mm thick) was compressed to 40% of its original thickness. The
test conditions were pre-test speed 1.0 mm/sec, test speed 1.70 mm/sec, post-test speed
1.70 mm/sec, and trigger type auto 5.0 g. The distance at the maximum of curve was
reported as resilience.
An incomplete 33 factorial design and three replicate at the central point (Box and Behnken,
1960) was used to investigate the effect of ascorbic acid, citric acid and vital wheat gluten on
the extensograph area (flour energy), dough retention volume and bread quality (specific
volume and resilience). Experiments were performed in random order to minimize the effects
of uncontrolled variables that may introduce bias into the measurement.

RESULTS AND DISCUSSION
Table 1. Box-Behnken arrangement and responses
Design
points

Doses of factors

Design
points

Ascorbic
Acid,
mg/kg
(AA)

Citric
acid,
mg/kg
(CA)

Vital
wheat
gluten,
%
(VWG)

Extensograph
area,
2
cm
(EA)

Retention
volume,
ml
(RV)

Specific
volume
of bread,
ml/g
(SV)

Resilience
of
crumb
bread,
%
(R)

1

50

0

0

42

1520

4.26

36.9

2

50

100

0

65

1657

4.52

37

3

100

0

1

59

1567

4

38

4

0

100

1

49

1557

4

37

5

0

0

1

40

1516

3

37

6

50

50

1

68

1693

4

38

7

50

100

2

67

1691

4.77

37.3

8

100

50

0

63

1572

4.8

38.6

9

100

100

1

67

1634

4.82

37.5

10

100

50

2

69

1712

5.12

37.1

11

50

50

1

68

1593

4.81

38.5

12

0

50

0

40

1500

4.21

36.1

13

0

50

2

42

1656

4.53

37.2

Responses
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14

50

0

2

58

1673

4.64

36.7

15

50

50

1

68

1593

4.81

38.5

The design matrix and experimental results are presented in Table 1.
Because the correlation coefficient (R2) always decreases when a regressor variable is
eliminated from a regression model, in statistical modelling the adjusted R2 which takes the
number of regressor variables into account is usually selected (Sivakumar et al., 2007).
Table 2. Reduced response models and statistical data obtained from ANOVA
Responses
EA, cm

2

RV, ml
SV, ml/g
R, %

Reduced response models

Model
P value

C.V. %

Adequate
precision

0.91

0.0033

9.09

11.849

0.88
0.86

0.0052
0.0494

2.81
9.58

7.999
5.960

0.92

0.0157

0.83

9.001

Adjusted R

68+10.9*AA+6.1*CA+45.7*VWG
2
2
2
-9.4*AA -4.9*CA -5.1*VWG
1608+32*AA+32.9*CA+60.4*VWG
442+0.37*AA+0.28*CA
383+0.49*AC-0.65*AA*VWG
2
2
-0.34*AA -0.62*CA -0.74*VWG

2

In this study, the adjusted R2 were well with acceptable limits of R2 0.80 (Sivakumar et al.,
2007) which revealed the experimental data were a good fit to the second-order polynomial
equations. P values ˂ 0.05 were obtained for all the reduced models. Implying the models
was significant. The value of the adequate precision is a measure of the „signal“ (response)
to “noise” (deviation 9 ratio, A ratio 4 is desirable) (ACTA CHROMATOGRAPHICA, NO. 19,
2007). In this study the ratio was in the range from 5.960 to 11.849, which indicates the
signal is adequate and, therefore, the model is significant for the separation process. The
coefficient variation is a measure of the reproducibility of the model and, as a general rule, a
model can be regarded as reasonably reproducible if the CV is <10% (28). CV was <10% for
all the models.
Table 3 summarizes the coefficients' level of significance for significant model parameters.
Table 3. The coefficients' level of significance
Model terms
Response Intercept
AA
CA
VWG
2

***

***

**

AA*
CA
-0.25

AA*
VWG
1

CA*
VWG
-3.5

2

AA

***

EA, cm
68
10.9
6.1
45.7
-9.4
*
*
***
RV, ml
1609
32.0
32.9 60.4
**
*
SV, ml/g
442
0.4
0.28 0.16
***
***
*
R, %
383
0.5
0.02 -0.04
-0.12 -0.6
0.125 -0.34
*Significant at 0.1 level; **Significant at 0.05 level; ***Significant at 0.001 level

2

2

CA

C

-4.9**

-5.1

-0.6**

-0.7

**

***

On the basis of mathematical models (Table 2) and significance of coefficients (Table 3) we
can see a significant effect of the added ingredients (ascorbic acid, citric acid and vital wheat
gluten) on the dough energy (extensograph surface).
Citric and ascorbic acid showed a more significant effect on the increase of flour energy in
relation to the vital wheat gluten.
During the square increase of the concentration added ingredients of there is a negative
effect on flour energy.
This fact sets the need for the optimization of the amount of raw materials in order to achieve
a positive effect. The mixture of added raw materials has no significant effect on the flour
energy.
Dough retention volume increases significantly, primarily with the addition of vital wheat
gluten. Ascorbic and citric acid also have a positive effect on the dough retention volume.
487

III International Congress “Food Technology, Quality and Safety”

Ascorbic and citric acid have a significant positive effect on loaf volume, while vital wheat
gluten has a positive effect, but statistically insignificant.
The bread resilience significantly depends on the amount of analyzed supplements (Table 2
and 3).
Ascorbic acid has a significant positive effect on the bread resilience, but with a square
increase of the concentration of ascorbic acid, as well as other analyzed supplements bread
resilience is significantly reduced.
This experiment confirmed that there is a correlation between dough properties and bread
with an applied concentration of added ingredients.
Consequently, it is necessary to carry out the optimization process of the amounts of added
ingredients in order to obtain a desirable dough and bread quality.
Aiming at quality improvement of dough and bread made from substandard flour, we
conducted the optimization method of ascorbic acid, citric acid and vital wheat concentrations
by the application of Derringer’s desirability function. The proposition of the criteria necessary
for the determination of optimal experimental conditions was shown in Table 4.
Table 4. Conditions and obtained results of the optimization process
Factors and
Goal
Lower limit
Upper limit
responses
Ascorbic acid,
in range
0
100
mg/kg
Citric acid, mg/kg
in range
0
100
Vital wheat gluten, %
in range
0
2
2
EA, cm
maximize
40
69
RV, ml
maximize
1500
1712
SV, ml/g
maximize
3
5.12
R, %
maximize
36.1
38.6

Importance

Optimum

3

100

3
3
4
4
5
4

76.7
1.19
71.5
1670
4.97
38.1

By applying the desirability function, the optimum concentrations were ascorbic acid 100
mg/kg, citric acid 76.7 mg/kg and vital wheat gluten 1.19% on flour, with a desirability value
of 0.882. At these concentrations, maximum of extensograph area (dough energy), gas
retention volume, specific volume and resilience were obtained, showing predicted values of
71.5 cm2, 1670 ml, 4.07 ml/g and 38.1 %, respectively.

CONCLUSIONS
Ascorbic acid has a significant positive effect on the dough energy, the gas retention of the
dough, specific volume bread and resilience. Citric acid also has significant positive effects
on the properties of dough and bread, except for the bread resilience, where no significant
effect can be seen. Vital wheat gluten has a significant and positive effect only on dough
properties, while its effect on the properties of bread is statistically insignificant. A significant
negative effect of interaction between ascorbic acid and vital wheat gluten was observed
when measuring the bread resilience. An overdose of these supplements has a negative
influence on dough and bread quality. By the optimization method we established that the
mixture of ascorbic acid in the concentration of 100 mg/kg, citric acid in the concentration of
76.7 mg/kg and vital wheat gluten in the concentration of 1.19% improves dough and bread
quality produced of weak gluten flour influencing on dough energy, gas retention volume,
bread specific volume and bread resilience.
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ABSTRACT
Starch damage is inevitable during the process of conversion of grain to flour. The amount of starch
damage presents an important quality parameter for the evaluation of wheat flours. Starch damage
severely changes starch granular structure and affects functional properties and rheological behaviour
of flour dough. It is largely responsible for changes in baking absorption, dough handling properties
and gassing power. The influence of starch damage on loaf volume and bread crumb texture has also
been reported. The aim of this paper was to establish the relationship between starch damage and
rheological properties of wheat flour dough. For this purpose, ninety two wheat samples demonstrating
wide diversity in technological and rheological properties were selected. Different empirical and
fundamental rheological tests were carried out, while Principal Component Analysis was used to
visualize the relationship between selected parameters. The ability of damaged starch to absorb more
water than native granules was confirmed by positive correlation between starch damage content and
water absorption capacity of flour. It was observed that starch damage level was positively correlated
to dough tenacity, the ratio P/L and deformation energy, while negatively correlated to dough
extensibility and swelling index. Mixolab torques (C3, C4 and C5) which indicate changes in dough
starch component were inversely correlated to starch damage level. Moreover, a negative relationship
between damaged starch and dough strength measured by dynamic oscillatory test indicated the
weakening of dough structure with increasing starch damage level.
Keywords: damaged starch, water absorption, tenacity, mixolab, elastic modulus

INTRODUCTION
The semi crystalline structure of starch can be intensively affected by the milling process. In
converting wheat into flour, starch granules are mechanically damaged, and the degree of
damage depends on the milling intensity and grain hardness. The level of starch damage is
higher in hard texture grains which require more grinding energy during the milling process
than soft texture grains (Boyaci et al., 2004). Since grain hardness is proportionally related to
protein content, starch damage has been affected by the content of protein as well.
Damaged starch absorbs more water that native, non-damaged starch granule and thus is
susceptible to amylase attack (Jovanovich et al., 2003). It was reported that damaged starch
is able to absorb two to four times its weight of water, unlike native granules which absorb
40-90% of their weight of water (Barrera et al., 2013).
The level of starch damage is a significant quality index for the assessment of wheat flours.
Starch damage alters the structure of the granule which in turn influences rheological
behaviour and functional properties of a flour dough system and end-use. Starch damage
has been shown to affect water absorption capacity of flour, dough manipulation and
relaxation during fermentation. It also influences loaf volume and texture of bread crumb (Di
Stasio et al., 2007). A certain level of damaged starch is desirable since it enhances flour
absorption and fermentation activity of the dough. However, surplus damaging of starch can
lead to excessive dough hydration and thus promote enzymatic activity, generating dextrins.
Consequently, it results in deteriorated bread structure which can be manifested in sticky,
gummy crumb and proneness to collapse. The level of damaged starch being in the range of
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4.5-8.0% is considered to provide the best dough performance and bread making properties
(Liujan et al., 2007). Soft flours for cookie and cake production are preferred to have minimal
damaged starch, as they require lower water absorption (Lin and Czuchajowska, 1996).
Regarding the fact that starch damage plays an important role in the evaluation of wheat
flours and prediction of dough rheological features, our objective was to investigate the
relationship between starch damage and selected parameters of commonly used empirical
and fundamental rheological tests.

MATERIAL AND METHODS
Ninety two wheat samples of different varieties varying in technological and rheological
properties were selected for this study. Chosen wheat samples were harvested in three
years characterized by different climatic conditions. Wheat grains were cleaned and
tempered according to AACC 26-10 and milled under the same conditions using a Bühler
MLU 202 (Bühler, Uzwil, Switzerland) according to AACC 26-31 to obtain flour.
Starch damage was measured following AACC 76-31 with a starch damage assay kit
(Megazyme International Ireland Ltd., Wicklow, Ireland).
Water absorption of wheat flour was determined using a Brabender Farinograph according to
the method ICC 115/1. Uniaxial dough extensional properties were determined with the use
of Brabender Extensograph (ICC, 114/1), while biaxial extensional properties were analyzed
with Chopin Alveograph (Chopin Technologies, France) according to the method ICC 121.
The physical properties of dough and pasting behaviour of starch were analyzed using a
Mixolab (Chopin Technologies, France) device, which simultaneously measures dough
rheological characteristics of dough subjected to a dual mixing and temperature constraint.
Measurements were carried out using the Mixolab “Chopin+” protocol (ICC 173) and applied
parameters were: initial equilibrium at 30 °C for 8 min, heating to 90 °C for 15 min (at a rate
of 4 °C/min), holding at 90 °C for 7 min, cooling to 50 °C for 10 min (at a rate of 4 °C/min)
and holding at 50 °C for 5 min. The mixing speed was kept constant at 80 rpm. Dynamic
oscillatory measurements were carried out as described by Hadnađev et al. (2015). The
obtained parameters in frequency sweep test were storage (G’) and loss (G’’) modulus and
the values were reported at 10 Hz.
For the purpose of demonstrating variability of a chosen sample set, descriptive statistics
was conducted. The relationships between the selected rheological characteristics and
starch damage content were examined by Pearson’s correlation coefficients, while Principal
Component Analysis (PCA) was used to visualize the obtained relationships. Statistical
analysis was performed using the Statistica 12.0 software (Statsoft, Tulsa, OK).

RESULTS AND DISCUSSION
The set of wheat flours was elected to cover as wide ranges in dough rheological properties
as possible. The characterization of a chosen sample set was carried out starting from the
indices commonly used for assessment of rheological characteristics of wheat flour dough,
as well as prediction of dough behaviour during bread making. Descriptive statistics of
selected parameters indicating dough rheological features are given in Table 1. All the
parameters demonstrated the diversity of the samples suggesting that chosen samples were
of different flour water absorption capacity, dough strength and gelation properties.
In order to illustrate the relationship between starch damage content and parameters of
wheat dough rheological properties PCA was conducted. The percentage of the total
variation of the dataset explained by PC1 and PC2 was equal to 50.33 and 21.63 with
71.96% of cumulative variance. As it can be observed, DS, WA and WAmix are positioned
close to each other in the loading plot, which indicates strong relationship between these
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parameters (Figure 1). It has already been known that starch damage is one of the factors
influencing water absorption capacity (Lin and Czuchajowska, 1996). We observed that
starch damage content was positively correlated (r= 0.769) with the water absorption
required to achieve dough with the consistency of 500 BU in the farinograph measurement. A
linear relationship (r = 0.658) between starch damage and water absorption measured by
Mixolab device was expected since strong relationship (r = 0.899) between WA and WAmix
was also found.
Table 1. Rheological properties of chosen sample set
Range
Parameters

Mean

Min

Max

SD

CV

DS

7.4

3.3

11.5

1.73

23.30

WA

61.3

51.4

71.5

4.06

6.63

Ex

148

116

185

16.13

10.91

P

83

39

147

24.45

29.39

L

86

33

148

25.53

29.83

W

209

86

367

50.03

23.91

G

20

13

27

3.14

15.43

P/L

1.2

0.3

3.4

0.70

61.19

WAmix

56.6

48.5

65.2

3.85

6.81

C3

1.94

1.420

2.49

0.23

11.93

C4

1.66

0.930

2.32

0.27

16.19

C5

2.57

1.190

3.54

0.49

18.90

G'

18396

9275

33225

4687.98

25.48

G''

6806

4094

11230

1364.03

20.04

DS, damaged starch; WA,farinograph water absorption; Ex, extensograph extensibility; P, tenacity; L, alveograph
extensibility; W, deformation energy; G, swelling index; P/L, ratio; Wa mix, mixolab water absorption; C3, C4, C5,
Mixolab torques; G’, elastic modulus; G’’, viscous modulus

Damaged starch level was found to be significantly correlated to dough tenacity (P) and
extensibility (L) (r = 0.603, -0.425, respectively). The influence of starch damage on dough
rheological properties can be mainly attributed to its well-known effect on the water
absorption capacity of flour. The damaged starch absorbs a higher quantity of water in
contrast to intact starch. As a consequence, flours containing higher level of damaged starch
will have higher water absorption capacity. Since the alveograph test works at the constant
hydration rate, flours with excessive amount of damaged starch will not be totally hydrated,
and the resulting dough will become stiffer, with higher tenacity and lower extensibility. In
addition, the ratio P/L was moderately positively correlated to damage starch content. A
positive relationship between P and WA and WAmix (r = 0.756, 0.784, respectively) confirms
that dough tenacity strongly depends on the water absorption affected by starch damage.
The obtained results are in agreement with other authors who also observed an increase in
water absorption and dough’s tenacity with the damaged starch increment (Jovanovich et al.,
2003). We also found that DS demonstrated positive correlation with swelling index (G),
while inverse with deformation energy (W). A low but significant negative relationship
between DS and extensibility measured by extensograph test (Ex) was also reported in this
paper.
Starch damage intensively changes starch granular structure and affects functional
properties and rheological behaviour of the starch containing systems, which can be
confirmed by the obtained relationship between Mixolab torques (C3, C4 and C5) and
damaged starch content. Under the influence of temperature starch granules bind the water,
swell and amylose chains leach out into the aqueous intergranular phase, causing the
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elevation in dough viscosity and hence, the increase in the torque C3 (Rosell et al., 2007).
Torque C3 which is an indicator of starch gelatinization properties showed an inverse
relationship with starch damage content (r= -0.574). In the next phase of Mixolab
measurements, dough consistency declines under the influence of temperature and
mechanical shear stress, which results in the starch granules disintegration. The breakdown
of starch granules refers to cooking stability. Lower starch damage content produced higher
torque C4 in this stage (r= -0.485) and thus greater cooking stability of starch granule. DS
showed low but significant negative relationship with torque C5 which indicates starch
retrogradation and reordering of starch molecules. The dependence between starch damage
and torques C3, C4, C5 were also observed by Ozturk et al. (2008).

Fig.1. PCA loading plot showing relationship between various parameters of tested wheat flours

Dynamic oscillatory measurements have been commonly used to evaluate fundamental
rheological properties of wheat flour dough. Elastic moduli, G’, which indicates dough
strength, and viscous moduli G’’ were located on the opposite side of DS in the loading plot,
suggesting weakening of dough structure with increasing DS content. Excessive starch
damage could over hydrate the dough and lead to inferior dough behaviour, which is
demonstrated by moderate negative correlations between DS and G’ and G’’, r= -0.441 and 0.484, respectively. Salvador et al. (2006) suggested that damaged starch due to flour
amylase activity released absorbed water and reduced viscoelastic constants. This result is
in accordance with Van Bockstaele et al. (2008) who found similar negative relationship
between observed parameters.

CONCLUSIONS
Damaged starch had significant influence on rheological behaviour of wheat flour dough. It
was observed that starch damage level proportionally affected water absorption and hence
dough tenacity, the ratio P/L and deformation energy while inversely influenced dough
extensibility and swelling index. In addition, Mixolab torques which refer to changes in starch
properties were negatively correlated to starch damage level. An inverse relationship
between damaged starch and dough strength measured by dynamic oscillatory test indicated
the weakening of dough structure with increasing starch damage level.
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ABSTRACT
The needs along the value chain of wheat growing, processing and trading have changed over years.
While breeders need method which will characterize technological quality of wheat lines with a limited
amount of sample, millers are searching for fast and reliable method for checking wheat quality at the
receiving stations. This resulted in a development of a few new rheological devices in recent years,
which are able to predict wheat flour baking properties with small amount of sample and in a fast and
reproducible way. One of these new devices for assessing flour performance is GlutoPeak tester that
measures the intensity and kinetics of gluten network formation and disruption upon addition of water
and high-speed mixing.
The results obtained in the study indicated that a weak flour samples could be evaluated only at higher
paddle speeds, higher suspension concentrations or with the addition of NaCl or organic acid. Using
the modified protocols, correlations between GlutoPeak indices and wet gluten content, Farinograph
water absorption and Alveograph dough strength (W parameter) were noticed.
Keywords: GlutoPeak, gluten quality, wheat flour rheology, correlation

INTRODUCTION
Wheat quality is manly determined by flour extraction (milling yield), flour protein content, and
dough handling characteristics, i.e. rheological properties (Renzi et al., 2005). Rheological
tests are commonly used for wheat quality control purposes. These tests are of great
importance since they are used to characterize materials' mechanical properties, in order to
obtain information that reflects molecular structure as well as the composition of the material,
to characterize, simulate and to better understand the material's performance during
processing (Ross et al., 2004). The most commonly used instruments for empirical
rheological measurements that have been extensively used by cereal technologists and
within the cereals laboratories comprise Brabender Farinograph, Extensograph and
Amylograph as well as Chopin Alveograph. The advantages of using these devices are that
they are easy to perform, often used in practical processing situation, do not require highly
skilled or trained personnel, and provide information regarding quality and performance of
cereal products (Dobraszczyk and Morgenstern, 2003). The main disadvantage of these
methods is that they are time consuming. Nowadays, it is very demanding in the milling
industry to get fast and reliable results for wheat quality characterization, especially at the
receiving station. Moreover, baking industry is also constantly searching for suitable methods
which could be used to predict the quality of the end product as well as assist in product
development (Marti et al., 2015). Brabender (Duisburg, Germany) has recently introduced
GlutoPeak device which could be used for fast wheat flour quality determination. Proposed
instrument detects the aggregation behaviour of gluten upon water addition at high mixing
speeds.
The aim of this study was to suggest the modified GlutoPeak protocol which could be used to
better discriminate among the wheat flours of different quality and to evaluate the potential of
proposed protocols which differ in operational temperature, paddle speed, flour/solvent ratio
and solvent type for predicting the conventional parameters used for gluten quantity and
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quality evaluation (wet gluten content, Alveograph, Farinograph and Extensograph
parameters).

MATERIAL AND METHODS
Ten different wheat flour samples tested at FINSLab (Institute of Food Technology, Novi
Sad, Serbia) during routine laboratory analysis were collected and used in further
experiments. Wheat flour samples were analyzed using different empirical rheological
methods. Brabender Farinograph and Extensograph methods were performed according to
Serbian official methods (1988), while Chopin Alveograph measurements were conducted
using the ICC 121/1 method (ICC Standards, 1996). Wet gluten content was determined
using Glutomatic system (ISO 21415-2:2015 – part 2, ISO Standards, 2015).
GlutoPeak measurements were carried out at different test conditions provided in Table 1:
Table 1. GlutoPeak test parameters
Abbreviation

Temperature (°C)

CONTROL
T = 33
T = 30
2400
2000
9/9
8/10
NaCl
LA

36
33
30
36
36
36
36
36
36

Paddle speed
-1
(min )
2700
2700
2700
2400
2000
2000
2700
2700
2700

Flour/solvent ratio

Solvent

8.5/9.5
8.5/9.5
8.5/9.5
8.5/9.5
8.5/9.5
9/9
8/10
8.5/9.5
8.5/9.5

water
water
water
water
water
water
water
2% NaCl
0.05% lactic acid

RESULTS AND DISCUSSION
Comparing different Glutopeak protocols it was noticed that some of the protocols were not
applicable for analysing weak flours, since the peak did not appear even after 1000 s: i)
protocol 8/10 could register only 5 from 10 samples; ii) protocols 2000 and T = 30 could
register 7 from 10 samples; iii) protocol T = 33 could register 8 from 10 samples; iv) protocols
2400, 2700 and NaCl could register 9 from 10 samples and v) protocols LA and 9+9 could
register 10 from 10 samples.

Figure 1. Mean (MEAN), minimum (MIN) and maximum (MAX) values of Glutopeak torque maximum
parameter at different experimental conditions
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As it could be noticed from Figure 1, maximum peak torque increased with increasing paddle
speed, with decreasing temperature, with increasing suspension concentration (flour to water
ratio) and in the presence of NaCl.
Maximum peak time decreased with increasing paddle speed, with increasing temperature,
with increasing suspension concentration (flour to water ratio) and in the presence of lactic
acid (Figure 2). Using response surface methodology Chandi and Seetharaman (2012)
concluded that flour–solvent interaction was the most significant factor influencing the peak
torque for whole meal and hard wheat flours while flour content (flour-solvent ratio) and rpm
(paddle speed) were the most significant for soft wheat flour. In this paper, significant
influence of paddle speed on both maximum peak torque and maximum peak time was
noticed.
In order to analyze even a weak flour samples, higher paddle speeds, higher suspension
concentrations or addition of dough strengtheners (NaCl, organic acid) should be performed.

Figure 2. MEAN, MIN, MAX – mean, minimum and maximum values of Glutopeak maximum peak time
parameter at the same experimental conditions
Table 2. Correlation matrix for different rheological parameters
r
Wet gluten Far WA Far DS Ext En Ext Res Ext Ext Alv P
Alv L
Alv W
PT - CONTROL -0.577
-0.544
0.561
0.315
0.651
-0.066
0.135
-0.115 0.187
TM - CONTROL 0.628
0.277
-0.713
0.001
-0.745
0.679
0.396
-0.142 0.551
PT - 2000
-0.367
-0.323
0.460
0.157
0.470
-0.082
0.377
-0.368 0.346
TM - 2000
0.798*
0.496
-0.550
-0.321 -0.837*
0.432
0.633
-0.452 0.699
PT - 2400
-0.614
-0.545
0.605
0.314
0.654
-0.064
0.122
-0.125 0.135
TM - 2400
0.654
0.333
-0.641
-0.111 -0.815*
0.571
0.336
-0.146 0.452
PT - T = 30
-0.497
-0.511
0.539
0.244
0.583
-0.139
0.147
-0.134 0.230
TM - T = 30
0.759*
0.354
-0.705
-0.140 -0.771*
0.515
0.542
-0.289 0.733
PT - T = 33
-0.502
-0.454
0.519
0.270
0.543
-0.025
0.279
-0.271 0.261
TM - T = 33
0.654
0.322
-0.728
-0.012 -0.751
0.698
0.509
-0.251 0.624
PT – 9/9
-0.623
-0.664
0.516
0.401
0.720
-0.104
-0.019 0.065
0.143
TM – 9/9
0.816*
0.594
-0.538
-0.396 -0.950** 0.403
0.587
-0.483 0.543
PT - NaCl
-0.781*
-0.764*
0.669
0.471
0.634
0.088
-0.167 0.166
-0.081
TM - NaCl
0.851*
0.515
-0.716
-0.265 -0.786*
0.414
0.648
-0.424 0.762*
PT - LA
-0.596
-0.443
0.648
0.225
0.633
-0.143
0.147
-0.206 0.068
TM - LA
0.745
0.439
-0.731
-0.134 -0.839*
0.605
0.562
-0.347 0.625
PT - Maximum peak time; TM - Maximum peak torque; Far WA – Farinograph water absorption, Far DS –
Farinograph degree of softening; Ext En – Extensograph energy; Ext Res - Extensograph resistance to extension;
Ext Ext - Extensograph extensibility; Alv P – Alveograph dough strength; Alv L - Alveograph extensibility; Alv W Alveograph deformation energy
*correlation is significant at the 0.05 level
** correlation is significant at the 0.01 level
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Although 10 samples were not enough for statistical analysis, a regression analysis was
performed to get impression about influence of experimental condition on correlation
between quality parameters. The obtained results are summarized in Table 2.
It can be concluded that significant positive correlation was obtained between wet gluten
content and maximum peak torque of the samples prepared with NaCl, samples analysed at
30 °C, 2000 rpm and the sample containing equal amount of water and flour. Farinograph
water absorption expressed significant negative correlation with maximum peak time for the
sample prepared with NaCl. Alveograph deformation energy was positively correlated with
maximum peak torque of the samples prepared with NaCl. The highest negative correlation
coefficients were observed between maximum peak time measured by Glutopeak and
resistance to extension measured using Extensograph. Amoriello et al. (2015) have also
noticed strong positive correlation between wet gluten parameter and Glutopeak maximum
torque (R2 = 0.75). It can be also concluded that Glutopeak protocols have significant
influence on correlation coefficient values, meaning that application of some of the protocols
will increase the possibility to predict other wheat flour rheological properties.

CONCLUSIONS
At least 100 samples differing in wet gluten content and rheological properties (different
wheat varieties, different harvest years) should be analyzed using modified Glutopeak
protocol (NaCl or 9/9) in order to get insight into the possibility to predict wet gluten content
and dough strength parameters using Glutopeak tester.
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Gazette of SFRY", No. 74/1988).
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ABSTRACT
In this research the effect of dough mixing and thermal processing on the content and composition of
free and bound phenolic acids from wheat flour was investigated. The dough was made by mixing the
wheat flour with water, without any ingredients and additives, and was thermally processed without
previous fermentation. The free phenolic acids were extracted by methanol, and the bound were alkali
hydrolysed first and then extracted by mixture of diethyl ether and ethyl acetate. The analysis of
phenolic acid composition was performed by the HPLC method. The gallic and protocatechuic acid
were detected as free, and chlorogenic, gallic, protocatechuic, vanillic, caffeic, gentisic and transferulic acid as bound acids. The content of bound phenolic acids was higher (695.85 g/g) than free
acids (19.17 g/g). Compared to the phenolic acids content in the wheat flour, the applied mixing and
thermal processing did not influence the total content of detected free and bound phenolic acids.
Keywords: wheat, mixing, thermal processing, phenolic acids

INTRODUCTION
Phenolics are widely distributed in plants, and in recent years they are paid great attention
due to their antioxidant activity such as free radical scavenging ability and chelating activity
on metal ions with important benefits on human health. Common wheat is an important
component of human diet and is used in the production of many food products. The wheat
flour, especially from the whole grain, and its products contain a high level of antioxidants
such as phenolics (Adam and Liu, 2012; Wang et al., 2013). Phenolic acids are the most
dominant phenolics in wheat, with ferulic acid as the most abundant (Klepacka and Fornal,
2008). The majority of phenolics in wheat grain are insoluble, bound by ester and ether
linkages with polysaccharide in the cell wall (Liyana-Patrhirana and Shahidi 2006; Renger
and Steinhart, 2004), while a smaller amount is soluble, i.e., in a free form (Stalikas, 2007).
Bound phenolics are considered to have a greater antioxidant capacity, and they escape
from gastrointestinal digestion along with the cell wall materials and are absorbed into the
blood plasma during digestion by intestinal micro flora (Adam and Liu, 2012). Bound
phenolics are commonly extracted after the alkaline hydrolysis (Krygier et al., 1982; Stalikas,
2007), but could also be liberated by acid hydrolysis or their combination (Verman et al.,
2009). The processing affects the phenolics content and composition. The effect of baking is
investigated more than the effect of dough mixing, and the effect depended on the type and
conditions of food processing, content and form of phenolics, recipes (Acosta-Estrada et al.,
2014) etc. Due to the variation in the obtained results, it is necessary to investigate the
phenolics profile and antioxidant activity of phenolics during dough mixing and thermal
processing for each food matrix separately.
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Taking into consideration the health benefits of phenolics, in the current study the effect of
mixing and baking on the content and composition of free and bound phenolic acids was
investigated. The dough was made by mixing of wheat flour with water (without mixing with
other flour, addition of other ingredients and additives) and baked without previously
fermentation to avoid potential interactions among added ingredients and phenolic acids and
other components from flour.

MATERIALS AND METHODS
Wheat flour, dough mixing and thermal processing
The wheat flour, type 500 by “Fidelinka”, Subotica, Serbia (WF), bought from the local market
was used. The dough was obtained from 300 g of WF by mixing in the Brabender
farinograph (Brabender Model 8 10 101, Duisburg, Germany). The dough mixing was
performed in triplicate. In order to obtain the sample of dough after mixing (MD), pieces
approximately 1,5 x 0,5x 0,5 cm in size were cut out from half of the dough, dried at 30 oC
over 4 hours, milled and sieved through a 0.50 mm sieve. In order to obtain the sample of
dough after thermal processing (TPD), the other half of the dough was shortened and round
pieces (3.5 cm in diameter and 1 cm in height) were cut out. The round pieces were baked at
180 oC for 40 minutes in an oven (Candy FPP403 Plan Light Fan Oven, Italy). After thermal
processing, the pieces were cooled to room temperature, dried at 30 oC for 2 hours, milled
and sieved through a 0.50 mm sieve. After drying the moisture content of the dough obtained
after mixing and thermal processing was approximately 11%.
Extraction of free and bound phenolic acids
The extracts of free phenolics were prepared from 10 g of the sample (WF, MD or TPD) and
100 mL of hot methanol (approximately 60 oC), by stirring with a MR1 magnetic stirrer (IKAWerke, Staufen, Germany) for 30 minutes at 200 min-1 and vacuum filtering. The solids were
re-extracted and filtered. The filtrates were combined, and a final volume of 200 mL was
made by methanol (Stojanović, et al., 2014) and filtered through 0.45 m Millipore filters.
The bound phenolics were first liberated by alkaline hydrolysis, as described by Verman et
al. (2009): 10 g of the sample from which the free phenolics were removed, 300 mL of
distilled water and 50 mL 6M NaOH were mixed and left to stand at room temperature for 24
h. Then the pH was adjusted to two, and the solvent mixture of dyethylether and ethylacetate
(1:1, v/v) was added. The mixture was inverted every 30 minutes, and after 3 h the upper
layer was removed, evaporated to dryness and the residue was dissolved in 20 mL of
methanol and filtered through 0.45 m Millipore filters.
Phenolic acid composition
The HPLC method (Amakura et al. 2000) and the Agilent 1100 High Performance Liquid
Chromatograph, a Zorbax Eclipse XDB-C18 column: 4.4 m x 150 mm x 5 m (Agilent
Technologies, Wilmington, USA) and an UV/ViS detector were used. The solvent mixture
was consisted of 5 mM of a potassium dihydrogen phosphate solution (pH 2.5) and
acetonitrile (41:9, v/v), the solvent flow was 1 mL/min, and sample volume of 30 l was
injected. The column temperature was held constant at 40 oC, and phenolic acids were
detected at 280 nm. The series of standard solutions of each phenolic acid all purchased
from Sigma Aldrich, Germany) (concentration in the range 50 - 300 g/mL) was made by
methanol and the calibration curves was constructed based on the chromatogram peak area
(PA) (mAU*s) and five different concentrations. All of the calibration curves showed high
degree of linearity (r2>0.98). The content of phenolic acid was quantified according to the
appropriate equation (chlorogenic: C=0.0447xPA-44.20, gallic: C=0.0181xPA-24.02,
protocatechuic: C=0.0161xPA-56.67, vanillic: C=0.0075xPA-27.28, caffeic: C=0.0112xPA500
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3.27, gentisic: C=0.0150xPA-38.66, p-coumaric: C=0.0160xPA-57.72 and trans–ferulic:
C=0.0125PA-15.11) and expressed as g of phenolic acid per g of sample on dry mass
basis.
Statistical analysis
The results are presented as mean value ± standard deviation. Significance of differences
between samples were analysed by using one way analysis of variance (ANOVA), followed
by the Turkey HSD test to assess any differences between group means, by using the
VassarStats (Vassar College, Poughkeepsie, NY USA). Differences of p 0.05 were
considered significant.
RESULTS AND DISCUSSION
In the investigated extracts of free and bound phenolics from WF, MD and TPD sample eight
phenolic acids were identified and quantified: chlorogenic, gallic, protocatechuic, vanillic,
caffeic, gentisic, p-coumaric and trans–ferulic. The contents of the identified phenolic acids
are shown in Table 1.
Table 1. The content of the identified phenolic acids, free and bound, in wheat flour (WF), dough after
mixing (MD) and dough after thermal processing (TPD)
Phenolic acid
*
Free phenolics ( g/g)

WF

MD
a

TPD
a

Gallic
5.21±1.14
a
Protocatechuic
13.96±1.64
Total free
19.17±1.99
*
Bound phenolics ( g/g)
Chlorogenic
nd
a
Gallic
33.56±2.45
a
Protocatechuic
1.02±0.23
Vanillic
nd
a
Caffeic
2.92±0.25
a
Gentisic
6.11±1.24
p-Coumaric
nd
a
Trans -Ferulic
652.24 52.45
Total bound
695.85±52.53
*
Total free and bound phenolic acid ( g/g)
Chlorogenic
nd
Gallic
38.77±2.70
Protocatechuic
14.98±1.66
Vanillic
nd
Caffeic
2.92±0.25
Gentisic
6.11±1.24
p-Coumaric
nd
Trans -Ferulic
652.24±52.45
Total free and bound 715.02±52.56
phenolic acids

a

5.78±0.99
a
14.04±1.25
19.82±1.59

4.82±0.94
b
7.61±1.56
12.43±1.09

87.29±6.59
b
62.20±7.24
a
1.26±0.39
0.94±0.25
b
4.37±0.87
b
3.61±1.12
a
3.12 0.09
a
651.28 65.74
814.07±66.48

nd
c
49.79±3.21
b
0.75±0.38
nd
a
2.91±0.95
b
3.23±1.41
a
3.26±0.12
a
638.38±48.96
689.32±49.09

87.29±6.59
67.98±7.31
15.30±1.31
0.94±0.25
4.37±0.87
3.61±1.12
3.12 0.09
651.28 65.74
833.89±66.50

nd
54.61±3.34
8.36±1.61
nd
2.91±0.95
3.23±1.41
3.26±0.12
638.38±48.96
701.75±49.11

*

g/g – g phenolic acid per g of sample on dry mass basis
nd – non detected
The mean values in row followed by the same letter are not significantly different by Turkey HSD test (p 0.05)

The content of gallic and protocatechuic acid in the extracts of free phenolics was not
affected by dough mixing as their contents were not significantly different. The content of
gallic, protocatechuic and caffeic acid in the extracts of bound phenolics increased by dough
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mixing: in the sample of MD the content of gallic acid was doubled and the content of caffeic
acid was almost 1.5 times higher than in the sample of WF, while the vanillic was identified
only in the sample of MD. Contrary to the contents of these acids, the content of gentisic acid
decreased by dough mixing from 6.11 to 3.61 g/g. In total content, after dough mixing, the
content of detected free phenolic acids increased for 3.4%, and the content of bound for
17.0%. These results can be explained by the higher solubility of phenolic acids after
hydration (Hugey et al., 2012) which occurred during the dough mixing process.
After thermal processing, the content of free gallic acid was not significantly different, and
protocatechuic acid significantly decreased in relation to the sample of mixed dough. In the
extract of bound phenolics of TPD the content of gallic acid as well as the content of
protocatechuic acid significantly decreased in relation to sample of wheat flour and dough
after mixing. The chlorogenic acid with a content of 87.29 g/g and vanillic were identified
only in sample of dough after mixing and were completely decomposed after thermal
processing. The content of caffeic acid in extracts of bound phenolics also decreased after
thermal processing in relation to sample of MD, but this content was not significantly different
in relation to sample of WF. The results of bound genistic acid showed the content of this
acid was decreased by dough mixing and was not affected by thermal processing, since the
content of gentisic acid in sample of MD and TPD were not significantly different. The pcoumaric acid was not presented in the sample of WF, but was extracted during dough
mixing and remained stable during thermal processing. The trans-ferulic acid was stable
during dough mixing as well as during thermal processing, as its content was not significantly
different in all investigated samples (WF, MD and TPD). In total, after thermal processing,
64.8 and 99.1% of the detected phenolic acids from the extract of free and bound phenolics,
respectively, were retained compared to the WF. The results are in accordance with the
results of Hye-Min and Bong-Kyung (2010), when recovery of added phenolic acid content
after baking was 74–80%.

CONCLUSIONS
In the wheat flour, dough after mixing and thermal processing dough, the total content of
bound form of the detected phenolic acids was 36, 41 and 55 times higher than the total free
content, respectively. By dough mixing the total free and bound phenolic acids content
increased for 16.6%. By thermal processing this content decreased for 15.3% in relation to
dough after mixing, but this content is similar to the content in wheat flour, and generally the
applied dough mixing and thermal processing did not influence the total free and bound
content of phenolic acids.
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ABSTRACT
Maize (Zea mays L.) grain, composed of approximately 70% of starch, is of great importance for
starch and bioethanol production. The aim of this study was screening of various ZP maize hybrids to
evaluate the factors which determine starch and bioethanol yields and selecting the most suitable
hybrids of ZP maize grain for starch and bioethanol production.
Maize millability was estimated using small samples (100g) of maize grain by determining the quantity
and the quality of the recoverable components as well as the relative difficulty encountered in
component separation. Fermentability was done by hydrolysis experiments in two steps (liquefaction
with Termamyl SC, and saccharification with SAN Extra L). Starch hydrolysates obtained by the twostep hydrolysis of the corn flour starch were subjected to fermentation by S. cerevisiae var.
ellipsoideus under semi-anaerobic conditions.
The results of studying different maize hybrids showed that the starch and bioethanol yield depends
on the hybrid of maize grain i.e. grain composition and physical traits. Founded variability in the milling
quality (millability) and fermentability were determined by several quality factors of maize grain. Starch
content had very significant affect on starch and bioethanol yield. Test weight, density and soft
endosperm portion, representing important physical quality factors for determination wet-milling
properties and fermentative characteristics of the grain, gave the biggest number of high correlation
coefficients.
Starch yield and recovery as well as bioethanol yield showed very high dependence to the soft
endosperm portion (0.87**, 0.85** and 0.82**) indicating that it could be used as a main criterion for
the assessment of applicability/suitability of the maize grain for starch and bioethanol production.
Based on the results it could be concluded that ZP hybrids with good millability i.e. wet-milling
characteristics also showed good fermentability i.e. fermentative characteristics of maize grain.
Keywords: maize grain, wet-milling characteristics, starch, fermentative characteristics, bioethanol.

INTRODUCTION
As a highly yielding carbohydrate plant, maize is a very competitive plant in relation to other
cereals. Maize grain, composed of approximately 70% of starch, is very important raw
material for the production of commercial starch and bioethanol.
In the contemporary processing of maize grain, wet milling properties of grain are mainly
determined by the endosperm types. Therefore, it is very important to observe differences in
physical properties and chemical composition of hybrids with different endosperm
characteristics (Milašinović et al., 2007). The starch wet milling property implies a set of
analytical parameters and terms by which a relative (smaller or greater)
applicability/suitability of a maize sample as a raw material for starch processing is defined.
The methodology is based on imitation and simulation of starch processing (under laboratory
or pilot conditions) under standardised and regulated conditions (WM-characteristics/values,
extractability, millability).
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Bioethanol is mainly produced from a starchy part of the maize grain leaving significant
amounts of valuable by-products such as distillers' dried grains with soluble (DDGS) which
can be used as animal feed (Semenčenko et al., 2013). The kernel composition and starch
structure of maize are to a significant degree determined by genetic background of the maize
(Medić, 2011, Semenčenko et al., 2015). Starch is a carbohydrate component that has the
greatest influence on maize grain yields, as well as the significant effect on bioethanol yields
(Radosavljević et al., 2012, Semenčenko et al., 2013). Numerous studies have shown that
the kernel composition and starch structure of maize grain are determined by genetic
background of the maize, but can also be influenced by environmental conditions (e.g.
growing temperature and soil moisture). Hybrid variability has been reported by several
authors to affect final bioethanol concentration in a conventional dry grind corn process
(Singh and Graeber, 2005, Murthy et al., 2009).
The aim of this study was screening of ZP maize hybrids with different genetic background
and maturity groups to evaluate the factors which determine starch and bioethanol yields and
selecting the most suitable hybrids of ZP maize grain for starch and bioethanol production.

MATERIALS AND METHODS
Fourteen maize hybrids with different genetic background and maturity groups developed at
the Maize Research Institute have been studied.
The methods used for the determination of grain physical characteristics (test weight, 1000kernel weight, density, soft endosperm fraction) were described in details in the previously
published paper (Bekrić, 1997, Milašinović, 2005). The starch content in grain was
determined by the official method of Ewers (ISO 10520, 1997).
The starches were isolated by applying a 100-g laboratory maize wet-milling procedure
(Eckhoff et al., 1996). The protein content in starch was determined by the Kjeldalh method
(AOAC, 1990).
Fermentability of maize grain (flour) was done by hydrolysis experiments in two steps
(liquefaction with Termamyl SC, and saccharification with SAN Extra L). The enzymes were
a gift from Novozymes (Bagsvaerd, Denmark). Corn ﬂour (100 g) was mixed with water in 1:3
weight ratio and 60 ppm of Ca2+ (as CaCl) ions was added. The mixture was treated with
enzymes in two steps. The ﬁrst step, liquefaction, was performed at 85◦C and pH 6.0 with
0.02% v/w concentration of TermamylSC, and the second step, sacchariﬁcation, was
performed at 55◦C and pH 5.0 with 0.10% v/w concentration of SAN Extra L. The liquefaction
with Termamyl SC was done in 1 h, while the sacchariﬁcation with SAN Extra L was carried
out in 4 h. The hydrolysis was performed in ﬂasks in a thermostated water bath with shaking
(150 rpm).
Starch hydrolysates obtained by the two-step hydrolysis were subjected to fermentation by S.
cerevisiae var. ellipsoideus under semi-anaerobic conditions (pH 5.0; 30◦C; mixing rate: 120
rpm). The mashes containing from 170.46 to 188.67 g kg −1 of initial glucose concentration
depending on hybrid type were fermented by yeast up to 48 h in ﬂasks in thermostated water
bath with shaking. The concentration of inoculum used for the fermentation of corn ﬂour
hydrolysates was 2% w/w. Fermentations were done in triplicates.
During the maize ﬂour hydrolysis and fermentation, the content of reducing sugars was
determined by 3,5-dinitrosalicylic acid (Miller, 1959).
The bioethanol concentration was determined (using a pycnometer) based on the density of
alcohol distillate at 20◦C and expressed in grams of bioethanol per kilogram of fermentation
broth (Rajković et al., 1983).
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Correlation analysis (Microsoft Office Excel 2007) was done in order to evaluate the factors
which determine starch and bioethanol yields (grain millability and fermentability).
Corresponding table of critical values for Pearson correlation was used.

RESULTS AND DISCUSSION
Test weight, density, portion of soft endosperm fraction and starch content in grain had the
highest effect on wet-milling and fermentative characteristics of the selected ZP maize
genotypes (Milašinović et al., 2007, Semenčenko et al., 2013). Table 1 shows results gained
by the analysis of important physical and chemical quality parameters as well as some wetmilling and fermentative characteristics of different ZP maize grain.
Different kernel physical traits, chemical compositions, wet-milling and fermentative
characteristics were noticed among the investigated hybrids.
Obtained results showed that starch yields of studied maize genotypes ranged from 58.8% in
ZP 633 to 69.3% in ZP 808, which corresponded to the starch recovery of 83.7% i 95.2%,
respectively. The protein content in the isolated starches was very low (<0.3%), pointing out
to the efficiency of the applied wet-milling procedure and high quality of obtained starches.
Values of the parameters important for bioethanol production determined after 24 h of
fermenation of maize ﬂour hydrolysates of investigated hybrides are not presented in this
paper.
Table 1. Selected chemical, physical, wet-milling and fermentative characteristics of maize grain of 14
ZP hybrids
StrY
(%)

StrRec
(%)

EthY
-1
(YP/S. g g )

Percent of
theoretical
ethanol
yield (%)

42.9

61.7

83.9

0.46

81.2

1.24

41.5

69.3

95.2

0.45

79.9

776.3

1.28

42.4

-

-

0.48

85.1

72.0

778.3

1.26

43.3

65.4

90.7

0.50

87.8

ZP 444

72.3

798.0

1.30

40.4

-

-

0.46

80.6

ZP 505

73.4

846.8

1.30

35.6

62.4

84.9

0.44

77.0

ZP 548

72.0

780.8

1.24

48.4

64.3

89.2

0.49

86.6

ZP 606

73.2

773.6

1.28

40.8

-

-

0.46

81.7

ZP 633

73.6

804.0

1.30

35.8

58.8

83.7

0.44

78.4

ZP 666

74.3

788.5

1.27

41.6

-

-

0.46

81.8

ZP 677

74.7

791.3

1.28

38.9

67.6

94.0

0.45

80.0

ZP
704wx

74.1

780.7

1.25

34.3

67.9

93.5

0.44

76.9

ZP 747

74.1

740.5

1.24

45.5

-

-

0.47

83.4

ZP 808

74.6

791.7

1.26

41.8

69.0

93.7

0.46

80.7

Min

70.4

740.5

1.20

34.3

58.8

83.7

0.44

76.9

Max

74.7

846.8

1.30

48.4

69.3

95.2

0.50

87.8

Mean

73.1

785.8

1.26

41.0

64.9

89.8

0.46

81.6

SD

1.20

24.8

0.03

3.86

4.05

4.89

0.02

3.28

Hybrid

Starch
content
(%)

TWt
-3
(kgm )

ADen
-3
(gcm )

ZP 243

73.5

749.2

1.20

ZP 341

70.4

785.9

ZP 377

72.6

ZP 434

-3

SE
(%)

-3

TWt - test weight (kgm ), ADen - absolute density (gcm ), SE - soft endosperm fraction (%), StrY - starch yield
(%), StrRec - starch recovery (%), EthY - ethanol yield after 48 h of fermenation of maize ﬂour hydrolysates (Y P/S.
-1
g g ), SD-standard deviation
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ZP 434 showed the highest bioethanol content (8.96 % w/w), volumetric productivity (1.87 gl 1 -1
h ) and bioethanol yield (0.50 gg1) (Table 1). The lowest yields per gram of utilised starch
detected in ZP 633, ZP 505 and ZP 704wx can be atributed to the high percentage of hard
endosperm (or low percentage of soft endosperm) (Table 1).
Four quality parameters, test weight, kernel density, soft endosperm portion and grain starch
content, had the highest affect on wet-milling properties of the selected maize hybrids (Table
2). The highest correlation coefficient was between test weight and protein in starch (0,90**).
Starch yield and recovery as well as the protein content in recovered starches showed very
high dependence to the soft endosperm portion (0.87**, 0.85** and -0.76**). Test weight
shows very high negative correlation between starch yield and recovery (0.80** and -0.84**),
as well as a very high positive correlation to the protein content in recovered starches
(0.90**). Kernel density showed very high negative correlation to starch yield and recovery (0.76** and -0.76**). The same values of correlation coefficient (-0.76**) show that kernel
density of the selected hybrids had the equal affect on starch yield and recovery.
Table 2. The correlation coefficients between the parameters of wet-milling and chemical and physical
characteristics of ZP maize grain
Wet-milling
properties
Starch yield (%)
Starch recovery
(%)
Protein in starch
(%)

Starch content
(%)
0.76**

Test weight
-3
(kgm )
-0.80**

Density
-3
(gcm )
-0.76**

Soft
(%)
0.87**

0.49

-0.84**

-0.76**

0.85**

-0.34

0.90**

0.55

-0.76**

endosperm

* and ** denote significance at 0.05 and 0.01 probability levels, respectively
Table 3. The correlation coefficients between the parameters of ethanol yield and physical
characteristics of ZP maize grain
KWt
(g)
Ethanol content
(% w/w)
Percent of theoretical
ethanol yield (%)
Ethanol yield
-1
(YP/S, g g )
Volumetric productivity
-1 -1
(g l h )

-3

TWt (kgm )

-3

ADen (gcm )

IF (%)

MR (s)

0.51

**

-0.72

**

-0.44

*

0.49

**

-0.41

0.39

*

-0.59

**

-0.48

*

0.52

**

0.39

*

-0.59

**

-0.48

*

0.52

0.54

**

-0.72

**

-0.46

*

0.50

*

SE (%)
0.69

**

-0.35

0.82

**

**

-0.35

0.82

**

**

-0.45

0.69

**

*

KWt - 1000-kernel weight (g), IF - flotation index (%), MR - milling response (s)

Statistical assessment of the correlation between bioethanol yield after 48 h of fermenation
(Table 3) and amount of soft endosperm of the hybrids points to a very good association
between these two parameters (0.82**). Ethanol content and volumetric productivity after 48
h of fermenation showed very high dependence to test weight (-0.72**). Kernel density
showed negative correlations to the parameters of ethanol yield. Flotation index and 1000kernel weight had significant effect (positive correlations) on the parameters.
Accordingly, the amount of hard (vitreous) and soft (ﬂoury) endosperm in maize kernel is one
of the most important factors that could inﬂuence starch and bioethanol yields. The surfaces
in the soft endosperm are rough and have more pores compared to hard endosperm. More
exposed starch granules and rough surfaces produced from soft endosperm will create more
surface area which will beneﬁt the solid phase hydrolysis. As reported by Wang et al. (2010).,
soft endosperm resulted in higher ﬁnal bioethanol concentrations compared to ground corn
and hard endosperm. Larger amount of soft fraction of the endosperm enables easier
extraction of starch in wet-milling process as well as decomposition of the starch granules
during enzymatic hydrolysis, leading to a higher starch yield and recovery, that is, bioethanol
yield.
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CONCLUSION
The proportion of hard (vitreous) and soft (ﬂoury) endosperm in kernel is one of the most
important factors that could inﬂuence starch and bioethanol yields. Good correlations of
bioethanol and starch yields with the amount of soft endosperm fractions were determined
for all the hybrids indicating the physical quality parameter (SE) could be used as a main
criterion for the assessment of the suitability of the maize crop for starch and bioethanol
production.
Further, test weight, kernel density and starch content, had very high impact on the selected
wet-milling and fermentative characteristics of ZP maize grain.
The hybrids ZP 341, ZP 808, ZP 677, ZP 704wx and ZP 434 were characterised with very
good wet-milling properties and as such are very suitable for the starch processing. On the
other hand, the genotypes ZP 633, ZP 243 and ZP 505 were very unsuitable for the wetmilling process.
In terms of fermentability and bioethanol production suitability, hybrid ZP 434 showed the
best characteristics yielding 87.8% bioethanol of the theoretical value. This bioethanol yield
is attributed to the high level of soft endosperm fraction which is more susceptible to starchhydrolysing enzymes and decomposition of the starch granules during enzymatic hydrolysis.
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ABSTRACT
Sunflower (Helianthus annuus L.) oil is appreciated as a high quality commodity. The issue of oil
quality of sunflower depends on the purpose of its use in food or non-food industry. In food industry,
sunflower oil is used as salad oil, for frying, or for producing margarine and other products. In non-food
industry, sunflower oil is used for production of biodiesel, different lubricants and in cosmetic industry.
The quality of oil is in connection with fatty acid and tocopherol content and profile. The oil of standard
sunflowers has the highest content of linoleic acid (C 18:2) about 70%, oleic acid (C 18:1) about 20%
and average of 10% saturated fatty acids. The total content of tocopherols in standard sunflower oil is
-1
700-1000 mg kg with the predominant being alpha-tocopherol (vitamin-E). Other types of tocoplerols
can be present such as beta, gamma and delta. The objective of this research was to assess
variability in seed oil quality traits in -sunflower germplasm developed at the Institute of Field and
Vegetable Crops, Novi Sad. Fatty acid content and tocopherol composition were analyzed in 689
accessions. The accessions contained large variability for all traits evaluated. Of particular relevance
were the ranges of variation for linoleic acid content (1 to 79%), oleic acid content (11 to 93%),
palmitic acid content (2 to 10%) and stearic acid content (1 to 36%). Large variation was also
-1
observed for the concentrations of alpha-tocopherol (15 to 1054 mg kg ), while beta, gamma and
delta tocopherol were confirmed. Results evaluated in this research present valuable genetic sources
for breeding programs focusing on seed oil quality in sunflower. Oils with the altered content of certain
fatty acids and tocopherols are required in different industries since their use reduce costs of their
extraction, processing and finalizing the product.
Keywords: sunflower, oil, fatty acids, tocopherol

INTRODUCTION
Sunflower (Helianthus annuus L.) is - world's fourth most important oilseed crop, after
soybean, rapeseed and palm seed. Standard sunflower oil has the highest content of linoleic
acid (C 18:2), about 70%, then oleic acid (C 18:1) with 20%. It also contains a small
percentage of saturated fatty acids, such as palmitic acid (C 16:0) with 4-9%, and stearic
acid (C 18:0) with 1-7%. In addition, sunflower oil contains traces of other fatty acids, such as
linolenic (18:3), arachidic (C 20:0) and others (Friedt et al., 1994). Moreover, sunflower oils
are excellent sources of vitamin E. The total content of tocopherols in standard sunflower oil
is 700-1000 mg kg-1 with the predominant being alpha-tocopherol (vitamin E). Other types of
tocopherols, such as beta, gamma and delta, can be present, as well (Demurin, 1993). The
quality of sunflower oil is in connection with fatty acid and tocopherol content and profile. In
food industry, sunflower oil is used as salad oil, for frying, or for producing margarine and
other products. In non-food industry, sunflower oil is used for production of biodiesel,
different lubricants and in cosmetic industry. Even though standard sunflower oil has been
traditionally regarded as a high-quality salad and cooking oil (Fernández-Martínez et al.,
2009), the quality of sunflower oil can be modified in different manners to produce healthier
oils, as well as oils with better technological properties for a number of uses (Velasco et al.,
2012). The combination of several oil quality traits in a single phenotype can enable tailoring
specialty oils providing essentially “new oilseed crops” for specific uses in the food and nonfood industry, thus guaranteeing a promising future to sunflower in the global world market
(Cvejić et al., 2014).
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The success in breeding mostly depends on available germplasm. Knowledge of the levels
and distribution of genetic diversity in germplasm collections is of great importance for the
conservation and utilization of genetic resources (Moreno et al., 2013). Sunflower breeding at
the Institute of Field and Vegetable Crops in Novi Sad, Serbia has a successful 50 year long
tradition. Over the years, the breeding program resulted in creating collection of 7000 inbred
lines mostly developed for hybrid production (Jocić et al., 2012). This large germplasm
collection was created by breeding of material introduced from other countries, exchanging
material with other institutes, interspecies hybridization with wild species and mutation
breeding methods. The objective of this paper was to evaluate fatty acid content and
tocopherol composition of seed oil within selected IFVCNS sunflower germplasm. In addition,
we also evaluate the pattern for distribution among the accessions for different oil use.

MATERIAL AND METHODS
The germplasm collection obtained from Institute of Field of Institute of Field and Crops in
Novi Sad, consisted of 689 accessions of sunflower inbred lines, mutants lines and breeding
lines with altered oil quality. Some of the inbred lines selected for analyses were advanced
breeding lines having good yield and market ability potential. All of the inbred lines had been
under experimental observation at the respective locations for several years. Fatty acid
composition was determined by gas chromatography (AOCS Official Method Ce 1-62, 2009),
while liquid chromatography was used for determination of alpha, beta, gamma and delta
tocopherol (AOCS Official Method Ce 8-89, 2009). For both analysis 2 g of randomly
selected mature seeds similar in size was used. The statistical data analysis was performed
using Statistica 12 (StatSoft, DEL, USA).

RESULTS AND DISCUSSION
Results obtained showed great variation in fatty acid and tocopherol composition among
sunflower germplasm accessions (Table 1). The major fatty acids observed in the present
study were palmitic, stearic, oleic and linoleic acids. The lowest palmitic acid concentration
observed was 2.60%, while the highest was 10.27%. The lowest stearic acid level was
0.70%, while the highest was 36.10%. Oleic acid averaged 33.81%, varying from 11.30% to
92.80%. Of all analyzed fatty acids, the highest average concentration had linoleic acid with
average 55.10%, ranging from 0.90% to 79.60%. Linolenic acid concentration varied only
from 0.01% to 3.0%. The alpha-tocopherol concentration mean was 509.76 mg kg-1, thus
representing the major proportion of total tocopherols. Beta-, gamma- and delta-tocopherol
concentrations were 39.44, 133.13 and 44.90 mg kg-1, respectively. The variability obtained
for all examined sunflower accessions was larger than previously reported for sunflower
collections (Demurin et al., 1996; Perez-Vich et al., 1998; Škorić et al., 2008), as well as wild
populations (Seiler, 1986; 1999; 2007). This variability permits the development of sunflower
lines with a wider range of oil composition for improved nutritional and industrial purposes.
-1

Table 1. Minimum, maximum and average content of fatty acids (%) and tocopherols (mg kg ) in 689
sunflower accessions
-1

Fatty acids (%)

Tocopherols (mg kg )

Palmitic

Stearic

Oleic

Linoleic

Linolenic

Arach

Alpha

Beta

Gamma

Delta

Min

2.60

0.70

11.30

0.90

0.01

0.10

15.15

0.12

0.15

0.06

Max

10.27

36.10

92.80

79.60

3.00

3.50

1054.20

438.40

703.76

327.87

Average

6.05

4.74

33.81

55.10

0.12

0.29

509.76

39.44

133.13

44.90

Stdev

1.23

2.07

25.08

24.11

0.12

0.17

153.42

72.96

185.28

77.86

High variability was also obtained for the distribution of fatty acids (Figure 1). The most
frequent concentration of palmitic acid was 6-7% and stearic acid was 3-5%, respectively.
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Figure 1. Distribution of palmitic, stearic, oleic and linoleic acid content in 689 sunflower accessions

Figure 2. Distribution of alpha-, beta-, gamma- and delta-tocopherol content in 689 sunflower
accessions

Most of accessions had 16-20% of oleic acid, which corresponds to the standard type
sunflower. However, some accessions with high oleic acid content (up to 80%) and others
with low linoleic acid content (less than 10%) have been obtained. This type of sunflower is
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known as high-oleic. Sunflower breeders have developed a large number of high-oleic
hybrids because of the rapidly increasing interest of oil industry (Škorić et al., 2008). Oil of
the high-oleic hybrids has excellent nutritional properties, in addition to being a suitable raw
material for many derivatives of the chemical industry and for the production of high quality
biodiesel. High-oleic oil is more favorable because of higher oxidative stability, greater
resistance to heating and due to its heart-healthy properties (Haddadi et al., 2011).
Alpha-tocopherol was detected in all accessions while beta-, gamma- and delta-tocopherol
was only detected in 507, 184 and 141 accessions, respectively. The content of alphatocopherol in most of accessions was 400-500 mg kg-1 (Figure 2). Regardless that betatocopherol was present in most of accessions, the most of them had the contents of less
than 50 mg kg-1. Gamma- and delta-tocopherols was present in 1/6 of analyzed accessions
with the maximum concentration of 50 mg kg-1. These results were similar to those reported
by Demurin et al. (1996) and Nolasco et al. (2006). Demurin et al. (1996) reported that high
content of strong antioxidants, such as beta-, gamma-, and delta-tocopherols increased oil
oxidative stability of linoleic and oleic types of oil by 1.2–3.0 times. In addition, studies have
shown that many of the same genotype, that possessed genes for high oleic acid in
combination with high beta- and gamma-tocopherol content, ensures kind of oil which has
15-16 times higher oxidative stability than standard sunflower oil (Demurin, 2012).

CONCLUSIONS
The high variability observed represents a very promising base to obtain new sunflower
inbreds with high oil quality for use either as component in hybrids or as breeding stock for
future generations. The high variability observed also suggests that selection in sunflower
germplasm enabled the creation of more oil profiles with different fatty acids and tocopherol
combinations than in any other oil crops. Further research is needed to clarify the inheritance
of fatty acids in sunflower collection and to determine the best breeding method to generate
superior hybrids.
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ABSTRACT
Factors that affect the oxidative stability of edible oils are very important. This paper examines the
effect of hull on the oxidative stability of cold pressed sunflower seed oil of high-oleic type. Cold
pressed oils are produced by pressing the prepared material, i.e. seeds with different contents of
the hull, on the screw press.
Cold pressed oils were produced by pressing the prepared materials with different contents of
hull, namely: without hull (sample 0H), with 10% of hull (sample 10H) and 20% hull (sample 20H). The
share of impurities in all of the seed samples was the same and amounted to 5%. The effect of hull on
oxidative stability of the produced cold pressed oils was tested using the Schaal-oven test
at temperatures of 63±2°C in the period of a total of 49 days.
The share of oleic acid in the produced oil was 83.32% w/w, which places this oil in the category of
high-oleic type. Pressing sunflower seeds of high-oleic type with 10 or 20% hull portion and impurities
content that does not exceed 5% can produce cold pressed oils which have very high oxidative
stability at elevated temperatures (63±3°C). Significant reduction in oxidative stability is present in oils
produced by pressing seeds without the hull. In summary of the results it can be concluded that in the
production of cold pressed oil the presence of hull will favourably influence the oxidative stability of oil,
given its increase in the period of up to 35 days at elevated temperature. In terms of high oxidative
stability, most suitable seeds are the ones containing 10 to 20% of hulls.
In terms of high oxidative stability, use of seeds with 10-20% of the hull is preferable for the production
of cold pressed oil of high-oleic type from the seeds of sunflower.
Keywords: high-oleic sunflower, cold pressed oil, hull, oxidative stability

INTRODUCTION
High-oleic type of oil from sunflower seeds is similar in fatty acid composition to olive oil; it
has a high level of monounsaturated and a low level of saturated fatty acids. High content of
monounsaturated oleic acid, as well as an eventually modified content and composition of
certain minor components (tocopherols and others) provide that high-oleic sunflower oil has
high oxidative stability, that is shelf life (Kamal-Eldin, 2006; Romanić and Dimić, 2006; Miklič
et al., 2008; Raβ et al., 2008; Roman et al., 2013; Ismail Awatif and Arafat Shaker, 2014).
"Standard" linoleic type of oil of sunflower seeds, whether it is refined or unrefined, is very
sensitive to oxidation. A good starting oil quality unfortunately does not always guarantee its
good shelf life (Romanić et al., 2009; Romanić and Dimić, 2010). That is why this higholeic oil is recommended in the diet as a partial or complete replacement for the oil of
"standard" linoleic type and "saturated fats". On the other hand, due to its high oxidative
stability at elevated temperatures, this oil can be used as medium for frying in thermal
processes of food preparation (Kamal-Eldin, 2006; Garcés et al., 2009; Aladedunye and
Przybylski-Eskin, 2013). Increased oxidative stability in comparison to the
"standard" sunflower oil expands the range of applications of high-oleic type of sunflower oil,
especially as an alternative to ultra-stabile oils and grease with a high content of saturated
fatty acids, and trans-fatty acids (Raβ et al., 2008).
Technological process of producing unrefined edible oils comprises of the phase of
preparation of the raw material for the extraction of oil and the phase of mechanical
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extraction of oil. The quality of cold pressed oil is affected by many factors: the type and
quality of
raw materials,
processing
technology,
storage
conditions
and
others (Dimić et al., 1997). Different proportion of hull content in the pressed seed is
reflected in and affects the oxidative status and shelf life of oil. Oil produced
from undehulleed sunflower seeds has lower quality when compared to oil from partially
dehulled seeds. The presence of hull in raw material also affects the sensory properties of oil
(Šmit et al., 2005).
In the preparation for oil extraction, sunflower seed is partially or completely dehulled or
otherwise wholly pressed. This paper examines the effect of hull on the oxidative stability of
cold pressed oils produced from sunflower seeds of high-oleic type which were pressed with
varied hull content.

MATERIAL AND METHODS
Samples of cold pressed sunflower seed oil of high-oleic type were used in the examination.
Oils were produced by pressing of sunflower seeds with a high content of oleic acid in the oil.
The seed was produced by growing the hybrid NS-H-6326 in experimental cultivation. The oil
was produced 6 months after the sunflower harvest. Fatty acid composition in the oil of the
seeds was determined by gas chromatography - mass spectrometry (GC-MS) (SRPS ISO
5508:2002, SRPS EN ISO 5509:2007; Romanić, 2015), with HP 5890 gas chromatograph
and HP 5971 mass detector ("Hewlett Packard", USA).
Cold pressed oils were produced at a "mini oil refinery" facility by pressing the prepared
materials with different contents of hull, namely: without hull (sample 0H), with 10% of hull
(sample 10H) and 20% hull (sample 20H). Pressing was carried out with a P500F screw
press ("Anton Fries", Germany), with average capacity of the press of 9 kg/h
and average number of turns being 40 1/min. The share of impurities in all of the seed
samples was the same and amounted to 5%. The composition of impurities was dominated
by organic non-fat impurities and dust. The oil temperature upon leaving the press was in the
range of 45-50°C. Pressed oils were kept for 24 hours at room temperature (20-25ºC) for
sedimentation of the precipitate, after which the upper layer was decanted off and the oil was
filtered through quantitative filter paper.
The effect of hull on oxidative stability of the produced cold pressed oils was tested using the
Schaal-oven test (Pokorny et al., 1985; Dimić and Turkulov, 2000). The test was performed
in a drying oven at temperatures of 63±2°C in the absence of light, following the kinetics of
oxidative changes, i.e. changes in the content of primary and secondary oxidation products,
on the basis of changes of peroxide (SRPS ISO 3960:2001) and anisidine value (SRPS ISO
6885:2003) in defined time intervals at 7, 14, 21, 28, 35, 42 and 49 days, i.e. in the period of
a total of 49 days (Pokorny et al., 1985; Dimić and Turkulov, 2000; Romanić, 2015).
Chemicals and reagents of analytical (p.a.) purity were used in the testing ("J.T. Baker",
Netherlands).
All tests were performed in triplicates, and the mean value was taken for displaying the
results. Statistical analysis and graphical representation were done using the software
packages Microsoft Excel 2013 (Microsoft, Washington, USA) and Statistica 10 (StatSoft,
Tulsa, USA).

RESULTS AND DISCUSSION
Results of fatty acid composition analysis of seed oil are shown in table 1. Obtained results
evidently indicate a high content of oleic acid (C18:1) in the oil. Percentage share of this acid
in the oil amounted to 83.32±0.02% w/w, which is about three times more than in the linoleic
type oil of sunflower seeds (Romanić and Kravić, 2016). Based on this, the produced oils
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may be categorized as high-oleic type of sunflower oil, with a share of oleic acid ≥75%
(Codex Standard, 1999; Rule Book, 2006).
Table 1. Fatty acid composition of high-oleic type of sunflower seed oil
Fatty acid
Percentage share (% w/w)
C 14:0
0.04±0.03
C 16:0
4.32±0.07
C 16:1
0.14±0.05
C 18:0
4.04±0.04
C 18:1
83.32±0.02
C 18:2
7.46±0.13
C 18:3
0.35±0.03
C 20:0 and others
0.30±0.03

Based on the changes of peroxide and anisidine values, oxidative stability of the oil was
examined by determining the volume of the formed primary and secondary products of
oxidation at a temperature of 63±2°C for a period up to 49 days.
The histogram of figure 1 shows the changes in peroxide value, as one of the most
common indicators of oxidative stability of the oil.
As can be seen from this figure, in the period of up to 7 days, for all samples, peroxide
values were still below or around the maximum permitted levels for cold pressed oils, 7.5
mmol/kg (Rule Book, 2006). In the period up to 42 days, peroxide values were steadily
growing in all three oils, up to the values ranging in the interval from 34.18 (for
sample 20H) to 39.98 mmol/kg (for sample 0H). However, after 42 or up to 49 days, there
was a sudden increase in the peroxide value in the sample 0H (186.01 mmol/kg), while the
peroxide values in samples 10H and 20H were 45.19 and 41.19 mmol/kg, respectively.

Figure 1. Changes of the peroxide value (mmol/kg) of oil at a temperature of 63±2°C in a period of up
to 49 days

Warner et al. (2008) have studied the oxidative stability of crude extracted oil of sunflower
mid-oleic and high-oleic oil types with differing content of gamma-tocopherols, 18 to 680
mg/kg, or 10 to 522 mg/kg. By monitoring the changes of peroxide value and hexanal content
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as a typical secondary product of oil oxidation, at a temperature of 60°C in the dark for a
period of up to 4 days for mid-oleic oil type, and 5 days for high-oleic oil type, it was found
that the peroxide value ranged from 5 to 40 meq/kg (2.5-20 mmol/kg), with values lower in
the case of higher gamma-tocopherol content (Warner et al., 2008).
For the increase in peroxide value of 1 mmol/kg in the case of refined oil of linoleic type, the
peroxide value in the cold pressed oils of oleic type increased for only 0.01 mmol/kg, and for
0.03 mmol/kg in the case of cold pressed oils of linoleic type. Merrill et al. (2008) found that
high-oleic sunflower oil has about three times greater oxidative stability (expressed as OSI Oxidative Stability Index in hours, at a temperature of 110°C) than the standard sunflower oil
of linoleic type.
Based on the content of conjugated dienes as primary products of oxidation,
Smith et al. (2007) found that high-oleic sunflower oil is very stable during frying at a
temperature of 185°C for 24 hours, while the peroxide value after 5 days at a temperature
of 55°C, for high-oleic type of oil is about 13 meq/kg, i.e. 6.5 mmol/kg.
The histogram of figure 2 shows changes in anisidine value of samples of oil produced by
pressing of high-oleic sunflower seeds with different portion of hull and with 5% share of
impurities.

1%

Figure 2. Changes of the anisidine value (100A 350 nm) of the oil at a temperature of 63±2°C in a
period of up to 49 days

The anisidine values in all of the oils during 42 days were slowly growing up to values less
than 5, which still fits good quality oil according to the literature data for refined oils (OštrićMatijašević and Turkulov 1980; Dimić and Turkulov, 2000).
In all of the samples, after 35 days there was a start of a gradual increase in the anisidine
value. In sample 20H, during the 42 days, there was no significant increase of the anisidine
value (1.91), while in samples 10H and 0H, the anisidine value reached 3.94 and
4.87, respectively. Sample 20H, even in the period of up to 49 days had low anisidine
value (2.48), which indicates that the formation of secondary oxidation products with this oil
is of a very small extent. Similarly, the sample 10H too, in the period of up to 49 days, did not
record a greater increase in the anisidine value, it amounting to 4.59. Compared to the 42nd
day, a rapid, nearly 10-fold rise in the anisidine value was found in the 0H sample. Due to the
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large volume of formed secondary oxidation products the quality of this oil became
unacceptable.
Romanić and Dimić (2010) determined that after more than 30 days, peroxide and anisidine
values of cold pressed sunflower oil of high-oleic type reaches values obtained after 14 days
in cold pressed and refined sunflower oil of linoleic type. Changes in the anisidine value of
several samples of oil at a temperature of 63±2°C for a period of up to 14 days were least
pronounced in samples of cold pressed oils of high-oleic type – the anisidine value increased
from 0.00 to 1.67. For samples of cold pressed and refined oils of linoleic type, this increase
was 8 or 23 times higher than the oil sample of high-oleic type (Romanić and Dimić, 2010).
Numerous studies indicate the presence of polyphenolic compounds in seeds and in the
core, and primarily in hulls of sunflower seeds, as well as their expressed antioxidant
activity (De Leonardis et al., 2003; De Leonardis et al., 2005; Žilić et al., 2010; Taha et al.,
2012).

CONCLUSION
Pressing sunflower seeds of high-oleic type with 10 or 20% hull portion and impurities
content that does not exceed 5% can produce cold pressed oils which have very high
oxidative stability at elevated temperatures (63±3°C). Significant reduction in oxidative
stability is present in oils produced by pressing seeds without the hull.
In summary of the results it can be concluded that in the production of cold pressed oil the
presence of hull will favourably influence the oxidative stability of oil, given its increase in the
period of up to 35 days at elevated temperature. In terms of high oxidative
stability, most suitable seeds are the ones containing 10 to 20% of hulls (and up to 5% of
impurity).
Given that oxidative changes are to a much lesser extent expressed in the oil produced by
pressing of partially dehulled and undehulled seeds, it is evident that polyphenolic
compounds of seeds and hulls are transferred into the oils by the process of "cold" pressing.
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ABSTRACT
Dandelion (Taraxacum officinale Web) is one of the most widespread grassland species, nevertheless
a little attention has been paid to its forage potential and mineral composition. In spring 2011 a field
trial was carried out at Arrhenatherium elatioris habitat type, grown on two semi-natural mesotropic
grassland locations (Blatna Brezovica, BB; Murski Črnci, MC) in Slovenia. Analyses of the effect of
dandelion growth stage on nutritive value and concentrations of 13 macro- and micro-minerals were
performed. Generally, the concentration of water-soluble carbohydrates, crude proteins and net
energy for lactation were the highest at the vegetative growth stage of dandelion plants and decreased
with advanced maturity. However, nutritive value and concentration of macro- and micro-minerals
varied significantly between both locations. Concentrations of Mg (3595 to 9053 and 7470 to 9787 mg
-1
-1
kg DM; BB and MC, respectively) and Ca (7415 to 16233 mg kg DM and 7867 to 11800 mg kg DW;
BB and MC, respectively) increased with advanced maturity on both locations. Concentrations of P, Si,
Ti and Fe decreased with advanced maturity on both locations. For other detected minerals (S, Cl, Zn,
Br, Rb, Sr) insignificant trends with advanced maturity were found. Generally nutritive value and
concentrations of minerals in the herbage met the requirements for animal nutrition. Therefore a
balanced proportion of dandelion on the grassland had a beneficial effect on nutritive value and
mineral concentrations in ruminant nutrition.
Keywords: dandelion, growth stage, crude proteins, net energy for lactation, minerals

INTRODUCTION
Dandelion (Taraxacum officinale Web) is long lived perennial plant distributed in almost
every temperate and subtropical region of the world (Holm at al., 1997). The species is
considered as a weed infesting pastures, forage crops and roadside verges (Stewart-Wade
et al., 2002) and is often controlled using herbicides (McCarty and Murphy, 1994). If
dandelion is present in large percentage in the sward, it could be problematic during hay
making, due to slower drying (Isselstein and Ridder, 1993) and leaf shattering. On the other
hand, it is a valuable feed, based on its fat and carbohydrate content (Spatz and
Baumgartner, 1990) as well as protein content, which can be similar as in white clover
(Bockholt et al., 1994). Cattle and sheep consume dandelion as readily as, or sometimes
even in preference to grass pasture (Stählin 1971, Bergen et al., 1990; Derrick et al., 1993;
Kispal, 1998). Due to a deep tap-root, dandelion can bring up important minerals from
deeper soil layers. Harrington et al. (2006) found significantly higher values of Mg, Mn, Cu,
Zn, B, Co and Se in comparison to the perennial ryegrass (Lolium perenne) and white clover
(Trifolium repens). Thus, it is long known that mineral content in dandelion is high enough to
exceed the established requirements for cattle (Bergen et al., 1990). Therefore dandelion
could be an excellent pasture feed for dairy cattle (Jackson, 1982). It is well known that
number of minerals is required for normal functioning of basically all biochemical processes
in animals. They must be provided to livestock in optimal concentrations, according to
requirements that change during growth and development of an animal and its production
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cycle (Lopez Alonso, 2012). Concentration of macro and micro elements in dandelion is not
constant, but is influenced by farm management or environmental factors like season, locality
of the farm, nature of the soil, fertilizer application and industrial activities. Industrial and
other anthropogenic activities could also influence the distribution and levels of mainly toxic
elements such as Cd, Ni, Co, Pb, Cr, Hg. The growth stage is the most important factor
affecting digestibility and chemical composition of forage. However, a little attention has been
paid to the forage potential of dandelion and its mineral composition. The main objective of
the present study is to evaluate the potential forage value of dandelion and its mineral
composition with advancing maturity.

MATERIAL AND METHODS
The experiment was carried out in spring of 2011 on two semi natural grassland at Blatna
Brezovica (45°97' N; 14°33' E, 194 m a.s.l., Central Slovenia) and Murski Črnci (46°37' N;
16°6' E, 156 m a.s.l. Eastern Slovenia). The soil in Blatna Brezovica was moderately acid (ph
CaCl2 = 5.5) and strongly acid in Murski Črnci (pH CaCl2 = 5.1). The phosphorus level in soil
was moderate (12.6 mg P2O5/100 g) in Murski Črnci and Blatna Brezovica (7.9 mg P2O5/100
g). The potassium level was moderate in Blatna Brezovica (23.6 K2O) and high in Murski
Črnci (34.9 mg K2O/100 g). Both grasslands habitat type (Arrhenatherium elatioris) were
usually used for extensive traditional hay making with cuts in late May and early August,
ocassionally in autumn there is a third cut if weather conditions are favorable. The 1 kg of
aerial parts of the dandelion at four different maturity stages were collected in tree replicates
at time of the first cut from 8.00 to 10.00 GMT to minimize diurnal wariations in water-soluble
carbohydrate (WSC) content. The WSC, according to Naumann and Bassler (1976) were
analysed in water extracts. For the determination of crude protein (CP) concentration, fresh
samples were dried in forced convection ovens at 60 °C and ground through a 1 mm sieve.
Dry matter (DM) content was determined by drying at 103 °C for 48 h. CP was determined by
Kjeldahl method (ISO 5983-2, 2005). Net energy value for lactation (NEL) was assessed on
the basis of the gas volume which was produced during the 24 h incubation of samples with
rumen liquor in vitro using regression equations suggested by Menke and Steingass (1987).
The multi-element analysis was performed non-destructively using energy dispersive X-ray
fluorescence (EDXRF) spectroscopy. Pellets made from 0.5 g to 1.0 g of powdered sample
material were prepared using a pellet die and a hydraulic press. The pellets were analyzed
using an EDXRF spectrometer composed of XR-100 SDD silicon drift detector; PX5 digital
pulse processor and lap top based digital acquisition software (DPP MCA, Amptek). For the
excitation the disc source of Fe-55 was applied. The analysis of complex X-ray spectra was
performed using the AXIL (Nečemer et al., 2008) spectral analysis program. Quantification
was performed using the Quantitative Analysis of Environmental Samples software
(Nečemer et al., 2011). The estimated uncertainty of the analysis was 5%. All data were
subjected to analyses of variance using (Tukey HSD) and least significant differences were
calculated at P=0.05 for each variable where significant differences were found.

RESULTS AND DISCUSSION
The nutritive value and chemical composition of dandelion in Blatna Brezovica (BB) and
Murski Črnci (MC) harvested at four different maturity stages are shown in Table 1 and 2. All
nutritive parameters were higher in Blatna Brezovica (values are not shown). Concentration
of WSC and Cft in dandelion varied considerably on both locations. The highest
concentrations of WSC (above 200 g kg-1 DM) and Cft (above 40 g kg-1 DM) were found at
flowering stage of dandelion at the beginning of May. Generally the concentrations of WSC
were, except in the last growth stage similar to the values found in the literature for the spring
cut (Isselstein and Daniel, 1996; Spatzt and Baumgartner, 1990; Wyss and Vogel, 1999). CP
concentrations at all growth stages are too low to meet CP needs of lactating dairy cow (180
g CP kg-1 DM) or dry, pregnant dairy cows (190 g CP kg -1 DM) (Abaye, 2009). The CP
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concentration ranged from 169 to 106 g kg-1 DM and decreased with advanced maturity. The
decline in CP concentration with advancing maturity occurs on both locations, because of
decrease of protein in leaves and because the stems with their lower protein concentration,
make up larger portion of the herbage in more mature samples (Buxton, 1996). On the other
hand concentration of Cfb progressively increased from the vegetative growth stage to the
seed ripening stage. Overall the highest NEL was calculated for the vegetative growth stage
on both locations. It is clearly seen that NEL slightly decreased with advancing maturity.
However, only the values during the seed ripening stage significantly differ in the last decade
of May. Results are in agreement with Spatz and Baumgartner (1990), who also noticed
remarkable decline of NEL in last decade of May.
Table 1. Nutritive values and mineral contents of dandelion at different growth stages in Blatna
Brezovica
Date/growth stage of collecting samples
28.4.
Variable

DM

vegetative
growth
/
appearance of
inflorescence
a

-1

117

g kg

b

WSC
CP
Cfb

204

c

-1

g kg DM

a

149
c

Cft
NEL

169
38

-1

MJ kg DM

P

4.5.

16.5.

23.5.

flowering

appearance of
seed heads

seed
ripening

126

a

253

c

147

bc

153

a

45
c

7.00

2670

a

127
222
126
201
a

***

7.4

***

a

6.7

***

b

174

4.2

**

a

1.4

***

0.04

***

189

NS

161

NS

232

***

9053

597

**

27
c

a

6.61

2657

2.9

a

106

b

27

6.87

b

137

ab

c

Sig.

173

bc

c

SEM

6.40

2525

1873

K

9990

a

15833

b

Ca

7415

a

10133

b

Mg

3595

a

b

S

1575

1760

1363

1867

143

NS

2405

2647

2503

2183

150

NS

2415

2013

2403

2007

199

NS

c

b

b

1.6

***

Cl
Si
Ti

-1

mg kg DM

6823

26.7

18.8

b

b

Fe

278

270

Zn

16.2

Br

1.4

Rb
Sr

a

9963

11167
6300

16.4

b

b

9867
c

a

16233
c

a

7.2

a

d

243

124

13

***

16.6

14.7

18.2

0.8

NS

2.9

2.3

3.4

0.4

NS

4.9

5.7

6.2

4.9

0.5

NS

4.4

5.1

6.2

7.3

0.6

NS

WSC = water-soluble carbohydrate; CP = crude protein; Cfb = Crude fiber; CF = Crude fat; NEL = net
energy for lactation; a-d means within a row with different superscripts differ significantly; SEM = standard error of
Means; Sig. = significance level; * Significant at P<0.05; ** Significant at P<0.01; Significant at P<0.001; NS: Nonsignificant

Five macro- (P, K, Ca, Mg, S) and eight micro-elements (Cl, Si, Ti, Fe, Zn, Br, Rb, and Sr)
were determined. Concentrations of P decrease with advanced maturity. Significantly
(P<0.001) lower values were found only in Murski Črnci after flowering stage. The highest
values of K were detected at flowering stage on both locations (P<0.001). The optimum K
content of grassland feed is 17 g kg-1 DM (Jankowska – Huflejt et al., 2009), therefore K
concentrations above 30 g kg-1 DM as were found in Murski Črnci are considered
undesirable for the grassland based feeding regime. Concentration of Ca (P<0.001) and Mg
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(P<0.01) increased and were the highest at seed ripening growth stage. Results are in
agreement with results of Grzegorczyk et al. (2013), stating that forage plants should contain
at least 7 g Ca kg-1 DM. In our study, the Ca concentration of plant DM was on both sites and
at all growth stages higher than level considered optimal for high-quality forage. Moreover,
the obtained values for Ca, P, K and Mg in present study are higher in comparison to mineral
concentration of some forage grasses and legumes reported by Juknevieus and Sabiene
(2007). They obtained values of 5000-14700 mg kg-1 DM for Ca, 2300-2400 mg kg-1 DM for
P, 16500-18000 mg-1 kg DM for K and 1400-3000 mg kg-1 DM for Mg.
Table 2: Nutritive values and mineral contents of dandelion at different growth stages in Murski Črnci
Date/growth stage of collecting samples
25.4.

Variable

DM

vegetative
growth
/
appearance of
inflorescence
a

-1

CP
Cfb
Cft
NEL

MJ kg DM

P

2.3

***

a

192

15.2

**

a

108

a

116

114

2.7

**

194

183

6.9

NS

b

b

ab

a

2.6

*

0.06

*

41
b

Mg

7600

a

S

1380

3283
b

27
b

6.34

b

a

30
b

6.40

7867

mg kg DM

bc

177

30900

Ti

c

146

119

Ca

Si

Sig.

169

K

-1

SEM

137

3447

Cl

b

133

a

38
-1

seed
ripening

240

b

-1

flowering

appearance
of
seed
heads

c

151
g kg DM

18.5.

133

ab

WSC

12.5.

b

105

g kg

5.5.

a

6.20

b

2620

2293

32033

b

9770

b

11133

c

7805

a

b

36300

c

5.85

a

1447

9787
1823

a

128

***

25300

a

458

***

11800

d

144

***

442

**

136

NS

9893

b

1330

13569

14268

13750

14335

243

NS

b

a

a

a

130

**

2.6

***

3783

b

2770

a

3047

a

2723

a

37.7

19.6

23.7

14.2

c

c

b

a

Fe

401

353

261

188

14

***

Zn

24.6

27.4

24.0

24.0

1.4

NS

Br

5.9

7.3

4.9

4.5

0.5

NS

Rb

23.8

27.4

27.1

24.6

1.0

NS

Sr

15.6

17.6

16.8

16.5

0.6

NS

WSC = water-soluble carbohydrate; CP = crude protein; Cfb = Crude fiber; CF = Crude fat; NEL = net energy for
lactation; Means within the same row with different superscripts are significantly different; SEM = standard error of
Means; Sig. = Significance level; * Significant at P<0.05; ** Significant at P<0.01; Significant at P<0.001; NS: Nonsignificant

Except for S, the highest concentrations of minerals were found on grassland in Murski
Črnci. The main reason for higher concentration of S in Blatna Brezovica during all growth
stages could be result of industrial emissions and other anthropogenic activities surrounding
the location. Fe and Ti showed significantly (P<0.05) decrease of concentrations with
advancing maturity. Concentrations of Zn, Br, Rb, Sr slightly increase with advanced maturity
but were not changed significantly. Out of those micro-elements the highest concentration at
all growth stages was found for Cl. The lowest concentration at comparable growth stages
were recorded for Br.

CONCLUSIONS
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The nutritive value of dandelion continually declined as it matured. For the majority of observed
minerals the highest concentrations are found in vegetative growth stage or in flowering stage.
Dandelion harvested at proper stage of maturity offers considerable potential as quality forage on
the pasture. Therefore, crop should be grazed or harvested in vegetative growth stage - up to
flowering, since our study shows that at this growth stage dandelion contains the highest amount
of minerals, protein and low crude fiber content resulting in higher net energy value for lactation.
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ABSTRACT
In this paper the effect of different organic fertilizer on the morphological, productive and qualitative
characteristics of the flower of pot marigold variety "Domestic orange" has been investigated. The trial
was conducted during the period 2013 – 2015, at the experimental fields of the Institute for Medicinal
Plant Research "Dr Josif Pančić", Pančevo, Serbia. The efficacy of ecological mineral fertilizer
“Fertizel”, commercial organic fertilizer “Italpollina” (NPK 4: 4: 4), and compost produced in the
Institute’s Production Unit (LAB1) were compared. Control treatment was a plot without application of
fertilizer. Following measurements were made at 10 plants from each plot, three times during the
season (at the beginning, middle and end of flowering); plant height (cm), weight of the whole plant
(g), the number of flowers per plant, average weight of the flower (g) and the mass of dry flowers per
plant (g), while the yield of dried flowers per hectare were calculated (kg / ha). The plant material is
dried naturally in a thin layer in a protected and drifty place. Content of total carotenoids was also
determined. The greatest effect of fertilization on morphological, productive and qualitative traits of pot
marigold flower achieved fertilization with “Italpollina”; the highest yields of dry pot marigold flower
-1
(2361 kg ha ) has been achieved in the third year. The content of carotenoids, as well as it was the
case with other investigated quality parameters, was apart from the type of fertilizer, also affected by
the environmental conditions; the highest content of carotenoids was achieved in the third year at
-1
variant fertilized by “Fertizel” (2451 mg kg ), while the lowest content was achieved in the first year
-1
(1158 mg kg ) and was also fertilized by the same fertilizer.
Key words: pot marigold, morphological and productive parameters, total carotenoids

INTRODUCTION
Pot marigold (Calendula officinalis L.) is an annual plant belonging to the family Asteraceae.
It is cultivated due to its flowers, mostly in Russia, the Czech Republic, Slovakia, Austria,
Switzerland and Estonia. In our country, it is increasingly grown mainly in Vojvodina (Filipović
& Ugrenović, 2015). It grows wild in the gardens, on abandoned lands and along the roads.
According to chemical composition, pot marigold flower (Calendulae flos) contains 2-4%
saponosides (calenduloside), min. 0.4% flavonoids, carotenoids, phenols, triterpenic alcohols
and other terpenoids, polyacetylenes, polysaccharides, essential oil, tannins, sterols, vitamin
C, mucus, organic acids, bitter substances, calendulin and others (Andersen, 2001, Re et al.,
2009, Khalid, & da Silva, 2012, Lim, 2013, Tucakov, 2014). Pot marigold is not official drug
according to Ph Jug V but it is prescribed in previous releases of the Germany and the
Russian Pharmacopoeias, as well as in the EU Pharmacopoeia (Ph Eur 7.0).
There are many reports confirming that increasing amounts of nutrients increase contents of
tested chemical compounds or elements in the plant (Kishimoto et al., 2005; Legha et al.,
2012; Sausserde and Kampuss, 2014).
Carotenoids represent an important group of compounds which are synthesized in pot
marigold flower. They are plant pigments with many beneficial effects, and have a
pronounced antioxidant activity. A large number of studies have focused their research on
proving functions of β-carotene for which it has been already proved that it reduces the risk
of certain cancers, it is very effective in the prevention of coronary heart disease and is an
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excellent in prevention of diseases associated with oxidative stress (Krinsky 2001; Su et al,
2002; Yeum et al, 2002).
Pot marigold flowers can be used for topical and internal application. Due to their very
beneficial effects on the skin, they are mostly used in the pharmaceutical industry, although
they are also used in folk medicine for preparation of a wide variety of herbal remedies.
Convenience of easy introduction of Calendula officinalis in cultivation is supported by the
fact that it can be grown in different growing regions in the country, the lowland (Vojvodina)
and the hilly one (central Serbia). Therefore, the main goal of this study was to examine
possibility of mineral nutrition with different kinds of fertilizers in order to improve the yields
and quality of pot marigold cultivated for its flower.

MATERIAL AND METHODS
Serbian Calendula officinalis L. cultivar ˝Domaći oranž˝ was used in this investigation. The
plants were grown and multiplied at the field of Production unit of the Institute of Medicinal
Plant Research “Dr Josif Pančić“, in Pančevo (44 ° 52'20 "N, 20 ° 42'06" E, 74 a.s.l.), where
the experimental cultivation of pot marigold and the laboratory investigation of its seeds have
been conducted during the six year period (2013–2015.). Meteorological data for the
experimental period were provided by the Meteorology station of the Institute “Tamiš”,
Pančevo, and presented in Table 1.
Table 1 Meteorological data for the three-year experimental period (2013-2015), Pančevo, Serbia.
Months
I
II
III
IV
V
VI
VII
VIII
IX
X
XI
XII
Σ

2013
P*
78.0
59.7
79.2
27.2
99.7
36.4
7.9
11.1
57.7
46.9
49.0
7.3
560.1
-

2014
T*
2.2
3.5
6.3
13.6
20.9
21.2
23.4
24.6
16.7
13.7
9.1
2.1
13.1

P
26.8
19.1
50.4
67.9
220.2
52.1
87.1
113.7
140.6
39.9
10.8
53.0
887.9
-

2015
T
3.7
7.9
10.0
13.5
16.4
21.5
22.7
22.4
18.1
13.6
8.5
4.3
13.6

P
48.8
48.5
96.5
25.0
88.2
20.1
4.8
69.1
86.4
68.3
51.2
1.5
608.4
-

T
2.8
3.1
6.9
11.9
18.5
23.3
27.5
25.5
20.9
10.7
6.8
3.2
13.5

Multiannual average
(2003-2012)
P
T
56.3
0.7
49.2
1.2
43.3
7.3
39.9
13.5
64.4
18.6
87.9
22.0
58.7
24.3
50.4
23.6
43.7
18.6
51.7
12.6
53.3
7.4
55.4
3.2
654.1
12.7

* P = Precipitation; T = Temperatures

The experiment was established according to randomized block design with the size of basic
plot 10 m2 (5.0 m x 2.0 m) set in four replications.
Sowing of pot marigold seeds was performed manually in continuous rows with 50 cm
distance between them. In order to achieve desired crop density in the developmental stage
of 3-5 leaf pairs, the plants were thinned to the final 10 cm distance in the row. According to
methodology of Martin and Deo (2000) pot marigold crop has density of 40 plants/m2.
Standard crop cultivation measures have been applied during the growing season. Weed is
destroyed by mechanical means without use of herbicides. Preventive treatment with “Zato”
(150 g ha-1) was applied against Podosphaera xanthia before the appearance of flower buds
and treatments against cotton bollworm caterpillars with “Fastac 10 EC” (0.12 l ha-1) and
“Talstar 10 EC” (0.15 l ha-1) at the appropriate time. On four occasions, pot marigold plants
were watered with 25 mm of water.
Three different fertilizers were tested for their efficacy on productive and qualitative traits of
pot marigold cultivated for flower production:
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1. “Fertizel” is an ecological mineral fertilizer produced by the Institute for Technology of
Nuclear and Other Mineral Raw Materials, Belgrade. It is composed of a natural zeolite
enriched with microorganisms and in the experiment it was applied according to the
manufacturer instructions (1 kg m-2).
2. “Italpollina” NPK 4: 4: 4 is a commercial organic fertilizer produced in Italy (purchased
from Hoya V.S., Subotica). It contains 4% N, 4% P2O5, 4% K2O, 0.5% MgO, 0.8% Fe,
0.2% B, 70.7% organic matter, 5% humic acids, 12% fulvic acids and 25% amino acids.
According to the manufacturer's instructions 120 g m-2 was applied in the experiment.
3. “LAB1” is non-commercial organic compost produced in the Institute for Medicinal Plant
Research “Dr Josif Pančić”, Belgrade. It contains 2.2% N, 0.46% P2O5 and 0.48% K2O,
0.6% Fe, 0.08% Zn and 26% organic matter and in the experiment it was applied in an
amount of 6 kg m-2.
The plots without fertilization were used as a control treatment.
Ten plants from each plot were collected for measurements, three times during the flowering
period; at the beginning, in the middle and by the end of the period. Plant height (cm), weight
of the whole plant (g) and the number of flowers per plant were measured, while the average
mass of dry flowers (g), the mass of dry flowers per plant (g) and the yield of dried flowers
(kg ha-1) were calculated.
Collected herbal material was naturally dried in a thin layer, indoor and at draft place.
The total content of carotenoids in pot marigold flowers was analysed according to method
described by Saric et al. (1990) and expressed in mg kg-1 of dried flowers; the analyses were
performed in triplicates and results were expressed as mean values ± standard deviation.
All significance estimates were done on the basis of F-test and LSD test for significance
threshold of 5%. Analysis of variance (ANOVA in Randomized Blocks) was performed by the
use of statistical software (STATISTICA. 2010). The same program calculated the coefficient
of variation (Cv) and the magnitude of the correlation between the variables.

RESULTS AND DISCUSSION
Tables 2, 3 and 4 present the average values of different morphological, productive and
qualitative traits of pot marigold cultivar ˝Domaći oranž˝ obtained in vegetations 2013, 2014
and 2015, upon the application of different fertilizers tested in the experiment.
Table 2 Statistical indicators of morphological, productive and qualitative properties of pot marigold
resulting from the application of different nutrition amounts in the year 2013.
Treatments
“Fertizel”
“Italpollina”
4:4:4
“LAB1”
Control
Average
Cv (%)
LSD 5%

Plant
height
(cm)

The mass
of the
whole
plant (g)

Number of
flowers /
plant

The average
weight of the
dry flower
(g)

The dry
flowers
mass /
plant (g)

The dry
flowers
yield (kg
-1
ha )

Total
carotenoids
(mg/kg)

34.6

215.2

52.0

1.7

88.4

1524.0

1158

36.3

336.2

46.8

2.0

93.6

1924.4

1360

40.4
33.7
36.3
3.7
5.6

328.9
269.8
287.5
12.7
7.9

45.7
38.9
45.9
15.6
8.9

1.8
1.5
1.8
1.2
1.1

82.3
58.6
80.7
18.9
10.6

1827.3
1678.8
1738.6
254.8
705.6

1376
1293
1297
158.9
448.5

In the first year of research in crops treated with compost “LAB1” the plants with the highest
average height (40.4 cm) were measured. By comparing this height with those of the plants
from other fertilization variants, statistically significant (p> 0.05) difference were confirmed in
the height and the impact of different fertilizers applied. Plants with a maximum biomass
were obtained in the treatment with commercial organic fertilizer “Italpollina”; on average they
weighed 336.2 g, which was higher by 121.0 g compared to the average plant weight
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obtained in the variants fertilized with organic mineral fertilizer “Fertizel” (215.2 g). On the
other hand, the plants treated with this fertilizer had the highest number of flowers per plant
(52.0), but also the lowest average flower weight (1.7 g) in relation to the average flower
weights of plants fertilized with “Italpollina” (2. 0 g) or with “LAB1” (1.8 g). However, the
maximum flowers mass per plant in the first year had the plants treated with “Italpollina” (93.6
g). The dry flower yields calculated per hectare, as the most relevant indicator of pot
marigold flower productivity, confirmed that the best yields are obtained on plots treated with
“Italpollina” (1924.4 kg ha-1) which significantly differed (p> 0.05) from the yields treated with
“Fertizel” (1524.0 kg ha-1) and from the control plots (1678.8 kg ha-1). The best chemical
quality of pot marigold flowers – i.e. the high total carotenoids content has also been
obtained from plots treated with “Italpollina” (1360 mg kg -1) but this time, even slightly better
with “LAB1” (1376 mg kg-1).
Table 3. Statistical indicators of morphological, productive and qualitative properties of pot marigold
resulting from the application of different nutrition amounts in the year 2014
Treatments
“Fertizel”
“Italpollina”
4:4:4
“LAB1”
Control
Average
Cv (%)
LSD 5%

Plant
height
(cm)

The mass
of the
whole
plant (g)

Number of
flowers /
plant

The
average
weight of
the dry
flower (g)

The dry
flowers
mass /
plant (g)

The dry
flowers
yield (kg
-1
ha )

Total
carotenoids
(mg/kg)

33.8

200.1

43.0

1.3

55.9

1750.1

1678

42.1

231.4

51.7

1.4

72.4

1858.7

1887

40.7
30.2
36.7
4.8
4.8

190.1
172.8
198.6
24.6
24.2

40.8
32.3
41.9
10.2
5.3

1.3
1.1
1.3
0.6
0.7

53.0
35.5
54.2
6.3
6.3

1899.9
1631.2
1785.0
123.4
562.3

1756
1532
1713
202.2
512.4

In the second year, between the plant heights reached with the implementation of "Italpollina"
and "LAB1" on one side, and the plant height reached with the implementation of "Fertizel"
and the control (plots without fertilization control), highly significant variation in the plant
height was recorded (Table 3). As in the first year, in the second year of investigation the
maximum average mass of the plants was recorded in the plots fertilized with “Italpollina”
(231.4 g), except that due to a heavy rainfall in the 2014, the plant mass in this variant,
compared to those obtained in the 2013, was lower for about 100 g. Number of flowers per
plant prove to be in positive correlation with the mass of the whole plant. Application of all
fertilizers increased the average number of flowers and the average mass of dry flowers
compared to the control treatment. The calculated average mass of dry flowers per plant
proves to be the highest in the second year in the variant fertilized with “Italpollina”. The yield
of flowers obtained in the second year and expressed per hectare was the highest on plots
fertilized with the compost “LAB1” (1899.9 kg ha-1), statistically differing (p>0.05) from the
control (1631.2 kg ha-1). The coefficient of variation (Cv) for the obtained dry flower yields
under different fertilization treatments accounted for 123.4 %. In the second year, the content
of carotenoids in the flowers increased and it ranged from the lowest value 1532 mg kg -1 in
the control till the highest one 1887 mg kg-1 in variant with “Italpollina”.
As in accordance with Kumar and Singh (2011) who reported that the application of fertilizers
with higher nitrogen content significantly increased the height of pot marigold plants, in our
study the largest plant height was achieved with “Italpollina” (52.2 cm). Similarly to results of
the “LAB1” (51.4 cm), both values statistically differ (p> 0.05) from the heights obtained with
other two variants, the “Fertizel” (44.7 cm) and the control (43.5 cm). The greatest influence
on formation of the whole plant mass was achieved again by “Italpollina”; on these plots the
average weight of the whole plant was 405.2 g, the value being higher by 7.3% compared to
those obtained with “LAB1” by 22.4 % with “Fertizel” or by 25.2% compared to the values in
control plots. Differences in the weights of whole plants prove to be statistically significant (p>
0.05). The values for number of flowers, the average dry flower weights and the dry weight of
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flowers per plant were the highest in flowers collected from the plots fertilized by “Italpollina”,
as well as the yields of dry flowers (2631.0 kg ha-1). On the contrary, the total carotenoid
content was the lowest in the aforementioned fertilization variant (2058 mg kg -1), the highest
being in flowers harvested from plots treated with “Fertizel” (2451 mg kg-1).
Table 4. Statistical indicators of morphological, productive and qualitative properties of pot marigold
resulting from the application of different nutrition amounts in the year 2015
Treatments
“Fertizel”
“Italpollina”
4:4:4
“LAB1”
Control
Average
Cv (%)
LSD 5%

Plant
height
(cm)

The mass
of the
whole
plant (g)

Number of
flowers /
plant

The average
weight of the
dry flower
(g)

The dry
flowers
mass /
plant (g)

The dry
flowers
yield (kg
-1
ha )

Total
carotenoids
(mg/kg)

44.7

314.5

60.2

2.5

150.5

2165.0

2451

52.2

405.2

74.2

3.3

244.9

2631.0

2058

51.4
43.5
47.9
13.3
3.9

375.5
303.1
349.6
35.8
23.8

56.8
42.8
58.5
34.3
6.4

2.7
1.9
2.6
1.5
0.4

153.4
81.3
157.5
168.7
9.5

2346.0
1804.0
2236.5
367.8
367.3

2226
2120
2214
243.7
598.1

Generally, the highest values of all investigated parameters were recorded in the third
experimental year. This point to the fact that the environmental conditions greatly influenced
morphological, productive and qualitative traits of cultivated pot marigold flower, which is in
agreement with findings reported in other few investigations with cultivated pot marigold
(Novak et al., 1999; Martin and Deo, 2000; Chaparzadeh et al., 2004). The impact of the
external environment can certainly be very significant for variations of agrobiological
properties of Calendula officinalis and for the content of carotenoids in its different genotypes
(Adamović, 2010).
Compared to the previous findings (Kishimoto et al., 2005, Cox & Eaton, 2011, Elhindi, 2012,
Khalid & da Silva, 2012, Lim, 2013, Hasan et al., 2013) our investigation showed significant
differences in yields and qualitative traits of dry pot marigold flower. In studies of Atiyeh et al.
(2002), where different vermicomposts were investigated on cultivated tagetes (the plant
which is increasingly used in organic farming, so as the pot marigold), due to its fungicidal
properties, the obtained results showed a significant differences achieved with tagetes grown
in substrate mixed with vermicompost in comparison to those grown without it.

CONCLUSION
According to our experience in the three-year experimental production of pot marigold
flowers conducted in Serbia with cultivar ˝Domaći oranž˝ and based on the results obtained
with implementation of different fertilizers, the following can be concluded:
1. Application of both the commercial organic fertilizer “Italpollina” (NPK 4: 4: 4) and the

organic compost “LAB1” significantly improved morphological, productive and qualitative
traits of pot marigold flower.
2. In the three-year research period, the highest average values for the plant height, the
whole plant mass, the number of flowers per plant, the average flower weight, the
average mass of flowers per plant and the yield of flowers per hectare were achieved on
plots fertilized by “Italpollina” (NPK 4: 4: 4), while the positive impacts on the same
parameters was also achieved by the compost “LAB1”. The remaining two treatments
(organic fertilizer “Fertizel” and the control) achieved significantly worse results.
3. In the three agro-ecologically different experimental seasons, the best productivity of pot
marigold flowers was recorded in the third year (2236.5 kg ha-1) which was for 451.5 kg
ha-1 higher compared to those obtained in the second and for 497.9 kg ha-1 in the first
one.
4. A similar relationship has been made with the total carotenoids content in pot marigold
flowers. The highest average value 2214 mg kg-1 was achieved in the third experimental
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season, while in the second one it was 1713 mg kg-1 and in the first one only 1297 mg kg1
. A significant increase in the amount of carotenoids was recorded in all fertilized plots
compared to the control confirming that it improves healing and nutritional properties of
pot marigold plants.
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ABSTRACT
Allium species have been used in the traditional medicine for many centuries as edible and medicinal
plant. In past few years interest for Allium ursinum L., (wild garlic) as wild aromatic plant is significantly
growing thanks to its high content of specific compounds with health benefits. Broad spectrum of
biological activities obtained from A. ursinum such as antioxidant, cytostatic, antimicrobial, and
antidiabetic were reported with the highest content of biologically active compounds in fresh leafs
before flowering. Due to short period of availability of fresh wild garlic leafs during spring season, its
shelf life was evaluated in dependence of post harvest storing conditions. Leaf stalks of wild garlic
bunches (20 leafs per bunch) were immersed in water in order to preserve the water regime and
stored at different temperatures (0, 5, 10 and 20° C) during two weeks. Weight loss, colour change
and sensory properties (wilting, yellowness, and decay) were monitored sensory for examined
samples. In addition the changes in respiration rates during the storage period for wild garlic leafs
stored at different temperatures were compared. The storing of samples at 20 °C resulted in significant
colour change in comparison to other temperatures in 4 days, while the samples stored at 10 °C
changed significantly the colour in 7 days. Due to preservation of water regime there was no weight
loss registered for samples stored at 0, 5 and 10 °C, while the samples stored at 20 °C suffered from
weight losses. For samples stored at 0 and 5 °C respiration rate was low and constant during the
storage period, while the samples stored at 10, and especially 20 °C had higher initial respiration rate
that dropped rapidly. Due to shrivelling of leafs and colour changes the samples stored at 20 °C lost
their market value in less than 7 days, samples stored at 10 °C in less than 14 days, while the
samples stored at 5 and 0 °C were characterized with quality acceptable in longer period.
Keywords: Alium ursinum, postharvest, temperature storage, colour change, sensory evaluation

INTRODUCTION
Allium ursinum, known as wild garlic is a perennial herbaceous species with wide-spread
distribution. It can be found on natural stands from the Mediterranean region to Scandinavia
during early and mid springtime. Due to its preference for high air humidity it can be also
found on shallow, and fairly dry places (Sobolewska, Podolak, & Makowska-Was, 2013).
Wild garlic often forms dense populations known as beech forests.
Allium ursinum has a distinct garlic-like scent for which the presence of sulfur containing
compounds that are the most characteristic constituents in Allium species is responsible.
Sulfur-containing compounds of wild garlic are also responsible for its traditional use for
culinary and medicinal purposes. The potential health benefits of A. ursinum have been
attributed mainly to the sulfur containing compounds. Several biological activities of A.
ursinum plants and extracts, such as antioxidant, cytostatic, antimicrobial, and antidiabetic
were reported (Sobolewska et al., 2013). Apart from sulfur-containing substances A. ursinum
has been also reported as a good source of phenolic compounds (Gîtin, Dinicǎ, Neagu, &
Dumitrascu, 2014; Oszmiański, Kolniak-Ostek, & Wojdyło, 2013). Broad spectrum of
biological activities obtained from A. ursinum and its extracts, as well as the presence of
chemical compounds with high terapeutical potential, contribute to the growing interest for
exploitation of this plant (Tomšik et al., 2015).
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According to Schmitt et al. (2005) the relative quantitative profile of the investigated sulfur
compounds mainly sulfoxides (alliin, methiin, isoalliin and propiin) differs during the
vegetation period. The period of active growth of A. ursinum lasts approximately 3-3.5
months starting in early spring, between late February and early March (Sobolewska et al.,
2006).
A. ursinum is usually marketed at green markets and more recently in supermarkets. For the
marketing purposes the leafs are tied in a bunches and immersed in shallow water in order to
preserve the water regime of the leafs. The bunches are exposed to the customers usually at
ambient temperature or, in the best case in cold departments of the supermarkets (10-15°C).
Wilted, decayed or yellowish bunches are not rare sight at the market. Due to short leaf shelf
life under currently applied conditions, significant quantities of picked and to the market
delivered A. ursinum, ends up as waste, with a plethora of valuable nutrients and bioactive
compounds lost.
The main aim of this research is to evaluate A. ursinum shelf life and its limitations under
currently applied way of preparation for the market but with the application of different
temperature regime in the distribution chain. Due to short period of availability of fresh wild
garlic leafs during spring season optimisation of post-harvest storing conditions, might result
in the extension of the period of availability of fresh A. ursinum at the market and reduction of
its loses.

MATERIAL AND METHODS
A. ursinum was collected in the forests of Fruška Gora mountain (Vojvodina, Serbia) in April
2016. Right after picking, leafs were transported to the postharvest technology pilot plant.
Leafs were tied into bunches (20 leafs/bunch). The bottom parts of the stalks were cut (1-2
cm) in order to ensure equal surface for contact with water for all stalks. Bunches were
immersed in water and kept in conditioned storage chambers at 0, 5, 10 and 20 °C with
RH>90% for 14 days, i.e. until the deterioration of a critical sensory property under the level
acceptable for the market.
Weight loss was calculated based on the measurement of five bunches from each storage
conditions after removal of excess of immersion water, every 2 days. Color changes were
registered using MINOLTA Chroma Meter CR-400 (Minolta Co., Ltd., Osaka, Japan). The
results were expressed as a* (- intensity of green) and b* (+ intensity of yellow tones).
Measurements were performed on 10 leafs from 3 bunches per treatment.
Sensory properties were evaluated by 3 trained assessors on the scale from 5 (without
deterioration) to 1 (extremely deteriorated). Value 3.5 was considered to be the lower limit of
the acceptability of the produce at the market.
Respiration rate was measured every day for 4h. For purpose of respiration rate
measurement approximately 100 g of leafs was closed in sealed container and after 4h at
examined temperature regime the changes in headspace gas were registered using
Oxybaby 6i (Witt-Gasetechnik GmbH & Co. KG, Witten, Germany). Obtained results were
used to calculate daily respiration rates (ml CO2 produced/g of leafs X 24h). Based on daily
respiration rates, cumulative respiration rates for 5 days were calculated.

RESULTS AND DISCUSSION
Weight loss, sensory properties, colour changes and respiration rates are compared for the
product stored at 0, 5, 10 and 20 °C. The results are presented on Figures 1, 2, 3 and 4
respectively.
A. ursinum stored in bunches immersed in water does not suffer the weight loss if it is kept at
the temperature of 10 °C or less (Figure 1). At higher temperature (20 °C), the weight losses
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occur first slowly and after certain period much rapidly until the 5th day, and afterwards the
weight loss stops.

Figure 1. Weight loss of A. ursinum immersed in water in a bunches in dependence of storage
temperature

A. ursinum in bunches immersed in water becomes unacceptable for the market after more
than 5 days of storage at 20 °C due to very intensive yellowing and wilting of the leafs and
appearance of signs of rottening of the leafs (Figure 2).
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Figure 2. Deteoration of sensory properties of A. ursinum immersed in water in a bunches in
dependence of storage temperature

Oppositely A. ursinum stored at 10 °C suffered from more expressed rottening due to which it
lost marketability, while yellowing and wilting was registered but it did not exceed the limits of
marketability. A. ursinum stored at 0 and at 5 °C did not lose marketability in respect to
observed aspects of deterioration during 14 days of storage. Minor variation in evaluation at
these temperatures were probably the consequence of variability of starting properties of
stored bunches.
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The color changes of A. ursinum bunches varied also in dependence of storage temperature
(Figure 3). Bunches stored at 20 °C were characterized with rapid increase of yellow tone
intensity (Figure 3a) while the intensity of green tone (Figure 3b) first increased more rapidly,
than at lover temperature -a* was higher indicating occurrence of the process of synthesis of
green pigments. After 4 days, intensity of green tone rapidly decreased at 20 °C pointing out
decomposition of green pigments. At lower temperatures intensity of green and yellow colour
slowly but increased steadily during the whole storage period.

45
35

b*

25
15
5
-5

Figure 3. Changes of color properties of A. ursinum immersed in water in a bunches in dependence of
storage temperature

Figure 4. Respiration of A. ursinum immersed in water in a bunches in dependence of storage
temperature

Respiration rates (Figure 4) had the same trend but largely different intensities at different
temperatures. At 20 °C and 10 °C respiration rate was much higher. Similar respiration rates
and different sensory properties and colour changes resulting in quite better preservance of
A. ursinum stored at 10 °C in comparison to 20 °C point out that the deteoration of quality at
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20 °C is not only the consequence of respiration but also of a number of other processes
being more expressed at this higher temperature.
Respiration rates at 0 and 5 °C were similar and much lower, presenting thus preconditions
for better preservation of A. ursinum at these lower temperatures.

CONCLUSIONS
The common practice of marketing of wild garlic (A.ursinum) leaves in bunches immersed in
water at the green markets characterized with temperatures up to 20 °C in the period of its
availability shorten significantly its shelf life. Under these conditions the shelf life of wild garlic
is up to 4 days and afterwards it loses its marketability due to leaves wilting and yellowing.
Introduction of practice to keep wild garlic bunches in the marketing process in the cold chain
would result in significant extension of its shelf life, which might be extended to the period
over two weeks. Under the conditions of cold chain with maintenance of temperature under
5oC wild garlic leaves have low respiration rate, sensory properties remain unchanged, green
color of leaves becomes even more intensive and weight losses are minimal.
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ABSTRACT
Sweet chestnut (Castanea sativa Mill.) in native populations in R. Macedonia is widespread in some
regions, mostly located in west part. The chestnut fruits are organic food product very popular during
winter days. Usually are consumed roasted or boiled. They are rich in nutrients, more or less sweet,
and with attractive flavour.
In this investigation the fruits of twelve native, uncultivated populations of chestnuts from three regions
of R. Macedonia (two located at north, and one at southwest of the country-known as rich in chestnut),
were collected and analysed. The shape and morphological characteristics (height, width, thickness,
weight) of the chestnuts were analysed and their nutritional composition (moisture content, protein, fat,
free sugars and minerals) was determined. The major component in the composition of the chestnut
samples was water, followed by free sugars (12.2-17.5%), proteins, fats and ash. The composition of
the sugars was identified by liquid chromatography, and sucrose has been determined as the
dominant sugar, while fructose and glucose were detected only in traces in few of the analysed
samples.
It was found that chestnut varieties of northern regions are with higher content of sugars than those of
southwestern region. The Pearson correlation between mass of chestnuts and sucrose content in dry
mass was r=-0.7281. Although this correlation is moderate in some way, it points at long held myth
developed by growers that smaller nuts are sweeter.
Keywords: chestnut, morphological and nutritional characteristics, sweetness

INTRODUCTION
Chestnut trees spread all over the world produce wood and chestnuts that have considerable
economical value. European kind or sweet chestnut (Castanea sativa Mill.) is also
widespread in some areas of R. Macedonia. On the north-west well known are regions of
Skopje, Tetovo and Gostivar, on south-west regions of Debar and Struga, in central part
regions of Kichevo and M.Brod and on south the regions of Bitola and Strumica. Mainly
chestnut trees grown spontaneously in forest with some other broad-leaf trees or as chestnut
stands. Sweet chestnuts are seeds, annually produced inside spiny dehiscent fruit that easily
fall down from the trees (Demiate et al., 2001). From a compositional standpoint the
chestnuts are one of the world’s most popular nuts which offer unique qualities compared to
other nuts. Fresh chestnuts contain vitamin C and are much lower in fat than other common
nuts but are good source of essential fatty acids (Senter et al., 1994). They contain as much
starch as potato, so in some regions of the world the chestnut tree could earn the nickname
“bread tree” (Lizotte and Fulbright, 2014). The lipids are precursor source for the formation of
flavor compounds when chestnuts are heat processed before consumption (España et al.,
2011) and free sugars contribute to chestnut sweetness (Pereira-Lorenzo et al., 2006). The
consumers choose chestnuts according to their appearance, expecting it to have good taste
and sweetness.
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In this investigation the morphological characteristics and nutrient composition of chestnut
native species grown in three different regions of R. Macedonia were studied, aiming to find if
some relations exist among them.

MATERIAL AND METHODS
The chestnut seeds were collected under the naturally grown trees from three regions of
R. Macedonia (Figure 1), in October 2014. The seeds of selected trees differ in appearance
and flavour characteristics and behaviour to processing (roasting, boiling), according to
experience of local population. Totally 12 different samples were collected, 5 samples from
the region of Tetovo, 4 from region of Struga and 3 samples from Skopje region, and were
adequate denoted. The samples from Tetovo as T1-T4, the samples from Struga region as
V1-V4, and from Skopje as S1-S3. The seeds were evaluated in terms of their appearance,
morphological characteristics and chemical composition.

Figure 1. Chestnut areas where chestnuts were collected (T-region of Tetovo,
S-region of Skopje, V-region of Vevcani/Struga)

The characterisation (appearance, and morphological characteristics) was performed
according to the UPOV (1989) on 20 seeds of each chesnut sample. Three characteristic
dimensions of chesnuts were measured: L-length; D-diameter; T-thickness (Figure 2) by
slide calipers.

Figure 2. The measured dimensions of chestnut seed: L-length; D-diameter; T-thickness
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The mass was measured with analytical balance to accuracy of 0.001 g. Moisture content
was determined by dehydration in an electric oven at 102 °C until constant weight (AOAC,
1965). Dehydrated seeds were ground and used for determination of protein, fats and ash by
official methods (AOAC, 1965). The free sugars content was established by the method of
Chenlo et al. (2010). The sugars were extracted using the mixture of methanol:water (80:20),
and analyzed by HPLC (HP 1000, Agilent Technologies, USA). The all chemical analyses
were performed in duplicate. The statistical evaluation was performed by one-way analysis of
variance (ANOVA test) with Minitab 17 (Minitab Inc. USA) followed by Duncan’s multiple
range test with a significance level of p<0.05.

RESULTS AND DISCUSSION
The mean values for morphological characteristics of the chestnuts from the three regions
are given in the Table 1. It is obvious that the chestnuts from the region of Skopje are with
the highest values for all dimensions. As a consequence they are with the greatest mean
value for the mass, 9.78 g, and with the least coefficient of variation (8.6%). The chestnuts
from the region of Tetovo are the smallest, with average mass of 8.64 g, length of 2.70 cm,
diameter of 2.96 cm and thickness of 8.64 cm. The chestnuts from Struga region are with
dimension values between those of the chestnuts from Skopje and Tetovo, however more
closer to those of Tetovo region, as can be seen from the statistical analyses. The
differences in morphological characteristics are one of the indicators of genetically variability
among the investigated chestnuts populations (Serdar et al. 2011).
Table 1. Average values of morphological characteristics of chestnuts from three areas
Characteristics of chestnut Charcteristics of respective chestnut fruit parameters
fruits from respective area
1
Length ,cm
min
max
CV (%)
± SD
а
Т - region
2.70 ± 0.32
2.44
3.25
11.79
а
V - region
2.89 ± 0.35
2.44
3.21
12.08
а
S - region
2.96 ± 0.44
2.68
3.47
14.99
Diameter, cm
Т - region
V - region
S - region
Thickness, cm
Т - region
V - region
S - region
Mass, g
Т - region
V - region
S - region
1
2

± SD
b
2.96 ± 0.28
а,b
2.91 ± 0.58
a
3.16 ± 0.12
± SD
a,b
1.76 ± 0.27
a,b
1.77 ± 0.33
a
1.81 ± 0.02
± SD
b
8.64 ± 2.06
a,b
8.94 ± 4.49
a
9.78 ± 0.84

min
2.54
2.23
3.03
min
1.51
1.43
1.79
min
6.04
4.19
9.00

max
3.31
3.60
3.27
max
2.13
2.23
1.83
max
10.82
14.77
10.67

CV (%)
9.42
19.90
3.82
CV (%)
15.23
18.75
0.84
CV (%)
23.80
50.19
8.60

mean value ± standard deviation
values for respective characteristics of each column with different letter differ statistically (p<0.05), n=20

The established mean values for the length, diameter and thickness of the chestnuts from
the regions of Tetovo, Struga and Skopje are comparable with the values found by AlvarezAlvarez et al. (2006) for chestnuts from Spain, and by Poljak et al. (2012) for chestnuts from
Croatia.
The chestnuts are very important as food-stuff since their high nutritional value and potential
health effects. The average content of water, proteins, lipids, free sugars and ash in
chestnuts from the three regions of R. Macedonia expressed as g/100g is given in Table 2.
All chestnut samples are with lower content of water compared to naturally occurred
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chestnuts samples of other regions of the world (McCarthy and Meredith, 1988; Borges et al.,
2008). The water content varies from 44.27 g/100g in chestnuts from Tetovo (T) region to
48.78 g/100g in the chestnuts of Struga (V) region. The free sugars are dominant nutrients.
The composition of the free sugars determined by the liquid chromatography, revealed
sucrose as the dominant sugar, while fructose and glucose were detected only in traces in
few of the analyzed samples. The sucrose in the samples of Tetovo region is the most
represented (15.47 g/100g), about 15.11 g/100g in the samples of Skopje region, and the
least content (13.89 g/100g was found in the chestnuts of Struga region.
Table 2. Average chemical composition of chestnut seeds (g/100g) from three areas (mean value ±
1
standard deviation )
Areas
Water
Proteins
Fats
Sugars
Ash
44.27 3.99

a

4.75 0.64

V - region

48.78 4.21

a

4.53 0.58

S - region

46.31 3.02

a

5.14 0.08

a

3.55 0.54

ab

15.47 1.98

a

2.21 0.12

a

4.59 0.34

a

2.80 0.62

a

a

13.89 1.92

a

2.12 0.13

b

15.11 0.99

a

2.08 0.28

a

a
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Figure 3. Relation between mass of chestnuts and sucrose content expressed as g/100g
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Figure 4. Relation between mass of chestnuts and sucrose content expressed as g/100g dry mass

The contents of proteins and fats are more than three times lower than content of sugars,
and contents of ash are almost half of the proteins, however in the range established for the
chestnuts of other European regions (Pereira-Lorenzo et al., 2006).
In the Figures 3 and 4 linear relations (although not with high coefficient of determination)
between the mass of chestnuts and sucrose content expressed as g/100 g fruits and the
mass of chestnuts and sucrose content expressed as a g/100g dry mass in the fruit,
respectively, are given.
However, statistically significant moderate negative correlation (r=-0.533) was established
between the mass of chestnuts and sucrose content expressed as g/100g fruit and higher
coefficient (r=-0.7281) between the mass of chestnuts and sucrose content expressed as
g/100g dry mass (Table 3). The negative correlation means there is a tendency for high
amount of sucrose in chestnuts with lower masses.
A strong positive correlation (r=0.869) was found between the content of sucrose in the fruit
and in dry mass.
Table 3. Pearson’s correlations* between mass of chestnuts and sucrose content given as g/100 g or
g/100g dry mass
Parameters
Mass of chesnuts
Sucrose
Sucrose
(g)
(g/100 g)
(g/100g dry mass)
Mass of chesnuts (g)
1
-0.533
-0.7281
Sucrose (g/100 g)
1
0.869
Sucrose (g/100g dry mass)
1
*Significant level (p<0.05)

If the mass of chestnuts is taken as indicator of their hugeness the established dependence
of sugars content from the mass has shown that the sugars content in general is higher in
the chestnuts with less mass or smaller chestnuts
This knowledge is only a small contribution on the long held myth developed by growers in
our and other countries (Pereira-Lorenzo et al., 2006) that smaller nuts are sweeter.

CONCLUSIONS
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The variability in morphological characteristics (length, diameter and thickness) is greater
among the chestnut subpopulations of the same region than among chestnuts of different
regions. The content of proteins and fats is in the range mentioned in literature for the
chestnuts in other regions of the world. Dominant nutrients are free sugars established as
sucrose. It was found that chestnut varieties of northern regions are with average higher
content of sucrose than those of southwestern region. A moderate statistical significant
(p<0.05) negative correlation (r=-0.7281) was established between the mass of chestnuts
and sucrose content in dry mass. This knowledge in some way, points at long held myth
developed by growers that smaller nuts are sweeter.
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ABSTRACT
The objective of this investigation was to describe the color profile of the fruits of sour cherry varieties
that are mostly cultivated on the territory of the Republic of Macedonia.
Sour cherry fruits of the varieties Oblačinska, Cigančica and Marela harvested in season 2015, were
used, and extracts in acidified methanol were prepared. Recording the absorption spectra in visible
wavelength range on UV-Vis spectrophotometer, the color intensity and the proportions of red, yellow
and blue color were evaluated. The content of total anthocyanins was determined by
spectrophotometric pH differential method, and also were analyzed on HPLC system with diode array
detector at 530 nm, and identified using LC-MS system with an electrospray ionization operating in
positive ion mode.
The analyses revealed the presence of seven anthocyanins, cyanidin-3-O-sophoroside, cyanidin-3-O(2’-glucosyl)
rutinoside,
cyanidin-3-O-glucoside,
cyanidin-3-O-rutinoside,
peonidin-3-(6’-pcoumaroylglucoside) glucoside, peonidin-3-O-rutinoside and pelargonidin pentoside. The cyanidin-3O-(2’-glucosyl) rutinoside was with the highest content in all of the investigated sour cherry varieties.
Strong correlations between the content of anthocyanidin fractions and the spectrophotometric color
characteristics were established.
Keywords: sour cherry, color characteristics, anthocyanins, LC-MS

INTRODUCTION
Sour cherries (Prunus cerasus L.) are the smallest fruits among the stone fruits belonging to
Rosaceae family (Viljevac et al., 2012). The total world production of sour cherry fruits
reached 1.22 million metric tons in 2013, and 70% of that were harvested in Europe
(FAOSTAT, 2015). They are very popular due to their attractive color, pleasant fruity aroma
and refreshing sour taste. Sour cherry fruits are rich source of sugars, acids, vitamins,
minerals and other bioactive compounds, mainly polyphenolics with broad spectrum of
benefits for human health. It supports the persistent interest of science for them. Despite the
fact that the consumption of fresh sour cherries was increased in past years, they are of
particular interest to the food industry. The sour cherry fruits are used in production of juices,
nectars, soft and alcoholic beverages, jams, and as ingredients in pastries, confectionery and
dairy industry (Grafe and Schuster, 2014).
Color is the key sensory characteristic that determines overall acceptability of fresh or
processed food. The irresistible blue, purple, red, pink and orange hues in foods originate
mainly from the presence of different types of anthocyanins. Cyanidin derivatives, as most
prevalent anthocyanin fraction in sour cherries (Chaovanalikit and Wrolstad, 2004; Wojdyło
et al., 2014) are responsible for their intensive red color. However, the total content of
anthocyanins and the individual anthocyanin fractions are variable and depend on the sour
cherry variety, location, growing season and cultivation inputs (Šimunić et al., 2005; Mitić et
al., 2012). Hence, fruit coloration varies, and also depends on the presence of all other
pigments (Viljevac et al., 2012).
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The objective of this investigation was to describe the color profile of the fruits of some sour
cherry varieties mostly cultivated on the territory of the Republic of Macedonia, including to
take an insight into their anthocyanin composition.

MATERIAL AND METHODS
Four samples of three sour cherry varieties (Oblačinska, Cigančica and Marela) were
subjected to analyses. The fruits were harvested in season 2015 from two different regions in
Republic of Macedonia. The first sample (Oblačinska 1) originates from Skopje area, and the
other three (Oblačinska 2, Cigančica and Marela) from orchard in Štip area.
The chemicals used for preparation of extracts and spectrophotometric analyses with quality
of analytical grade were purchased from Alkaloid Ltd (Skopje, Macedonia) and Sigma-Aldrich
GmbH (Steinheim, Germany). The chromatographic analyses were done using standards
(cyanidin-3-glucoside; cyanidin-3-rutinoside; peonidin-3-glucoside; pelargonidin-3-glucoside)
and reagents of HPLC quality grade from Sigma-Aldrich GmbH (Steinheim, Germany) and
Fluka GmbH (Buchs, Switzerland).
The extraction of total anthocyanins was performed according the procedure presented by
Dimitrovska et al. (2011), with few modifications, and obtained extracts were used in
spectrophotometric and HPLC analyses. Shortly, 25 g of pitted sour cherries were placed in
a porcelain mortar, and homogenized after addition of 10 g of sea send and 10 mL of
extraction mixture (methanol and distilled water in ratio 60:40, acidified with 1% w/v
hydrochloric acid) using pestle. Another 20 mL of extraction mixture were added and the
friction with the pestle was performed for 10 min. The content in mortar was left to stand for
10 min and then the liquid was decanted. This procedure was repeated eight times until the
liquid became pale pink. The obtained extracts were transferred to 250 mL graduated flask
and the volume was made up with the extraction mixture. The whole procedure for extract
preparation was repeated twice for each sample. On the other hand, for purpose of
anthocyanin identification (LC-MS analyses) another extracts were prepared. Namely, 1 g
sample was mixed with 10 mL of extraction solution (methanol acidified with 3% w/v formic
acid). The mixtures were placed in cooled ultrasonic bath for 1 h, then centrifuged at 10000
rpm for 7 min at 4oC, and finally the supernatants were separated. Before HPLC analyses
both types of extracts were filtered through 0.2 μm pore size polyamide filter (Cromafil AO20/25) and transferred into vials. This procedure was repeated five times.
Color measurements were performed recording the absorption spectra with a UV-visible
spectrophotometer (Varian Cary 50, USA) using a 2 mm optical path quartz cuvette in the
visible range from 400 to 700 nm. Measurements were made in duplicate. The color
parameters: color intensity (CI), hue (H), proportion of red color (%R), proportion of yellow
color (%Y), proportion of blue color (%B), and the brilliance (dA%), were calculated
according to Glories (1984).
The total anthocyanins content in the sour cherry extracts was determined using the
spectrophotometric pH differential method, described in detail by Guisti and Wrolstad (2001).
The measurements were done in duplicate and the contents were expressed as cyanidin-3glucoside equivalents per 100 g whole fresh fruits.
Anthocyanins in sour cherry extracts were analyzed on Dionex Ultimate 3000 UHPLC system
(Thermo Scientific, San Jose, CA) with diode array detector at 530 nm. The column was a
Gemini C18 (150 x 4.6 mm, 3 μm; Phenomenex) operated at 20oC. The elution solvents were
prepared as follows. Solvent A was consisted of 0.1% (w/v) formic acid and 3% (w/v)
acetonitrile in double distilled water, while solvent B of 0.1% (w/v) formic acid and 3% (w/v)
double distilled water in acetonitrile. The elution was carried out using a linear gradient from
5 to 20% B in the first 15 min, followed by linear gradient from 20 to 30% B for 5 min, then an
isocratic gradient for next 5 min, followed by a linear gradient from 30 to 90% B for 5 min,
and then an isocratic mixture for 15 min before returning to the initial conditions. The injection
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volume was 20 μm and the flow rate 0.6 mL min-1. The identification of anthocyanins was
performed using a mass spectrometer (Thermo Electron LCQ Deca XP MAX, Thermo
Finigan, San Jose, CA) with an electrospray ionization (ESI) operating in positive ion mode,
according to the method described by Usenik et al. (2015).
Statistical analysis (One-way ANOVA) was performed using Minitab 17 Statistical Software
(Minitab Inc., USA).

RESULTS AND DISCUSSION
The consumers give their first judgement for the quality of foods through the color, and the
color parameters provide closer insight into the structure of color. Color intensity represents
the total amount of color, and color composition indicates the contribution of red, yellow and
blue color to the overall color appearance (Veberic et al., 2014). The color parameters of the
investigated sour cherry samples are given in Table 1. It is obvious that the samples
Oblačinska 2 and Cigančica had a similar color profile since all parameters except the hue
value, did not differ significantly. On the other hand the color composition of Oblačinska 1 is
closer to that of Cigančica, than to the one of same variety. The color intensity was the
highest value for Oblačinska 1 (11.82), while for the other three samples it was significantly
lower (in range 7.04 - 7.81). Basically, the proportion of red color predominated in all sour
cherry samples (76.45% for Oblačinska 1, 76.02% for Cigančica, 75.47% for Oblačinska 2,
and the lowest for Marela 74.62%). The sour cherry variety Marela possessed the highest
proportion of yellow color (23.40%) and 1.99% proportion of blue color (1.99%), compared to
the rest of analyzed samples. These results indicate on the logical explanation for the low
values of hue parameter (~0.3), and the high (>82%) for the brilliance (Tsanova-Savova et
al., 2002).
Table 1. Color parameters of the investigated sour cherry varieties
Sour cherry variety
Color parameter
Oblačinska 1
Oblačinska 2
Cigančica
Marela
a
b
b
b
CI
2.36 ± 0.11
1.45 ± 0.05
1.56 ± 0.03
1.41 ± 0.01
c
ab
bc
a
Hue
0.292 ± 0.003
0.306 ± 0.001
0.299 ± 0.001
0.313 ± 0.001
a
b
ab
c
%Red
76.45 ± 0.26
75.47 ± 0.10
76.02 ± 0.04
74.62 ± 0.21
c
ab
b
a
%Yellow
22.28 ± 0.18
23.09 ± 0.09
22.72 ± 0.06
23.40 ± 0.02
b
b
b
a
%Blue
1.27 ± 0.08
1.44 ± 0.01
1.26 ± 0.02
1.99 ± 0.23
a
b
ab
c
dA%
84.60 ± 0.22
83.75 ± 0.09
84.23 ± 0.04
82.99 ± 0.19
Results are presented as mean value ± standard deviation (n=2). No significant difference between
mean values denoted with same letter (a, b, c) within the same row (HSD test, α=0.05).

Since the color of berry fruits and some stone fruits, among them of the sour cherries,
originates from the presence of anthocyanins, their content and composition are important
factors. The total anthocyanin contents of the investigated sour cherry samples assessed
with two, spectrophotometric and HPLC, methods are presented on Figure 1. Generally,
significant differences in total anthocyanin contents of sour cherries were found, depending
on the variety and growing conditions. Sour cherries of Oblačinska variety from Skopje
region had significantly higher content of total anthocyanins, compared to samples
Cigančica, Oblačinska 2 and Marela. Despite, the established results are much higher, they
are still comparable with those presented by Mitić et al. (2012). Although with the HPLC
method almost double higher amounts of total anthocyanins were determined, the significant
correlation (r=0.9994) between the data obtained by the two methods was found. Thus,
considering that the spectrophotometric methods, compared to chromatographic, are rapid,
inexpensive and relatively accurate, the pH differential method could be suitable for rapid
assays the anthocyanin content.
Seven different anthocyanins were identified in the analyzed sour cherry samples, namely
cyanidin-3-O-sophoroside, cyanidin-3-O-(2'-glucosyl) rutinoside, cyanidin-3-O-glucoside,
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cyanidin-3-O-rutinoside, peonidin-3-(6'-p-coumaroylglucoside) glucoside, peonidin-3-Orutinoside, and pelargonidin pentoside. Previous studies have shown that local cultivars from
Poland are rich source of anthocyanins with 11 identified anthocyanin compounds (Wojdyło
et al., 2014), but some American (Chaovanalikit and Wrolstad, 2004) and Chinese (Cao et
al., 2015) sour cherries contained 5 different anthocyanins.
Spectrophotometric method

HPLC method

Cyanidins

Anthocyanidins proportion (%)

Total anthocyanins content (mg/100 g
whole fresh fruit)

Peonidins

Pelargonidins

100

240
210
180

150
120
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40
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O2
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Sour cherry variety
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Figure 1. Total anthocyanin content in the
investigated sour cherry varieties estimated
by spectrophotometric and chromatographic
analysis (O1, Oblačinska 1; O2, Oblačinska 2;
C, Cigančica; M, Marela)

O2
C
Sour cherry variety

M

Figure 2. Relative proportions of the
anthocyanidin fractions in the investigated sour
cherry varieties (O1, Oblačinska 1; O2,
Oblačinska 2; C, Cigančica; M, Marela)

Concerning the anthocyanin distribution in the samples of interest (Table 2), the predominant
anthocyanin compound was cyanidin-3-O-(2'-glucosyl) rutinoside which is characteristic for
the sour cherries overall (Kim et al., 2005). The next compound was cyanidin-3-O-rutinoside
(14.68-16.45%), followed by pelargonidin pentoside (1.68-2.81%), and cyanidin-3-Oglucoside (1.82-2.24%). The other components had relative content lower than 2%. The
relative contents of anthocyanin compounds were significantly different among the examined
samples of separate varieties, but also among the same variety from different cultivation
region. In comparison, the relative contents of cyanidin-3-glucosyl rutinoside were 60% in
Oblačinska and Cigančica sour cherries from Croatia (Šimunić et al., 2005). Simmilar
observations are presented by Mitić et al. (2012) for the fruits of Cigančica and Marela
varieties, and significantly higher relative content (84%) in Oblačinska variety grown in
Serbia. Cyanidin-3-O-sophoroside was the second most prevalent anthocyanin in almost all
sour cherry varieties from Poland, with mean relative content of 25% (Wojdyło et al., 2014).
Table 2. Relative content (%) of identified anthocyanins in the investigated sour cherry varieties
Relative content (%)
Anthocyanin
Oblačinska
Oblačinska
Cigančica
Marela
1
2
b
d
c
a
Cyanidin-3-O-sophoroside
0.28 ± 0.02
0.15 ± 0.01
0.20 ± 0.01
0.48 ± 0.04
Cyanidin-3-O-(2’77.29
±
c
a
ab
76.06 ± 0.62 78.39 ± 0.60
77.61 ± 0.57
b
glucosyl)rutinoside
0.32
b
a
b
b
Cyanidin-3-O-glucoside
1.96 ± 0.16
2.24 ± 0.15
1.96 ± 0.11
1.82 ± 0.11
15.40
± 16.51
±
b
a
Cyanidin-3-O-rutinoside
14.68 ± 0.60
16.45 ± 0.48
b
a
0.44
0.51
Peonidin-3-(6’-pc
a
bc
b
1.09 ± 0.06
1.71 ± 0.19
1.29 ± 0.08
1.42 ± 0.10
coumaroylglucoside)glucoside
a
a
b
c
Peonidin-3-O-rutinoside
1.17 ± 0.07
1.13 ± 0.06
0.94 ± 0.04
0.54 ± 0.03
a
b
a
c
Pelargonidin pentoside
2.81 ± 0.25
2.20 ± 0.10
2.55 ± 0.13
1.68 ± 0.09
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Results are presented as mean value ± standard deviation (n=5). No significant difference between
mean values denoted with same letter (a, b, c, d) within the same row (HSD test, α=0.05).

It is clear that the cyanidins are the most prevalent fraction in the sour cherries samples
(Figure 2). The cyanidins proportion ranged from 94.93% in Oblačinska 1 to 96.37% in
Marela. This is consistent with the findings of Kirakosyan et al. (2009), and Cao et al. (2015).
The proportion of pelargonidins had the highest value for Oblačinska 1 sample, while the
peonidins faction for the Oblačinska 2 sour cherries. These data are of great importance for
the color profile of foods, since cyanidins are red, peonidins reddish-purple, and
pelargonidins orange color pigments (Schwartz et al., 2008).
Table 3. Pearson’s correlations between color parameters and anthocyanin fraction contents of the
investigated sour cherry varieties
H
%R
%Y
%B
dA%
Cy
Pn
Pl
Ant
Parameter CI
1.000
0.970
1.000
1
-0.856
0.775
-0.893
-0.535
0.771
0.848
CI
0.857
0.972
1.000
1
0.944
0.768
0.817
0.905
0.779
%R
-0.970
1
0.840
-0.887
-0.834
-0.973
%Y
0.894
1
0.946
-0.528
-0.716
-0.723
%B
0.544
1
0.764
0.816
0.902
0.775
dA%
1
0.968
1.000
1
0.854
Cy
2
1
0.889
0.864
Pn
3
0.972
1
Pl
4
1
Ant
1
2
3
Cy - total cyanidins (mg/100 g whole fresh fruit); Pn - total peonidins (mg/100 g whole fresh fruit); Pel - total
4
pelargonidins (mg/100 g whole fresh fruit); Ant - total anthocyanins (mg/100 g whole fresh fruit) estimated by
HPLC.

H

1

-0.989

0.996

0.884

0.988

-0.849

-0.833

-0.954

The data presented in Table 3 show strong correlations between the tested parameters and
the contents of anthocyanidin fractions. The color intensity and the proportion of red color are
correlated positively with contents of the three anthocyanidin fractions, and negatively in
case the hue and the proportion of yellow color are compared with the contents of cyanidins,
peonidins and pelargonidins. Viljevac et al. (2012) found weak, although significant negative
correlation among the anthocyanins content in sour cherries and the CIE Lab parameters.
Furthermore, there was established variable, but mostly weak correlation between the CIE
Lab and the Glories chromatic parameters for grape extracts (Ristovski et al., 2014). The
differences in correlation coefficients between individual anthocyanins and color parameters
of ripe fruits are due to the fact that the color evolution depends on the variety (Usenik et al.,
2009).

CONCLUSIONS
This investigation is a small contribution to the study of the color and the anthocyanin profile
of three sour cherry varieties grown in Republic of Macedonia. The obtained data could be of
great interest for the growers, as well as for the food industry in prediction of the quality of
fresh fruits and processed products. Also, it could be a basis for further research especially
for the antioxidant potential of the Macedonian sour cherries The red color have the highest
proportion in overall color composition, and the color intensity values vary depending on the
region of cultivation. All sour cherry samples are rich source of anthocyanins; their contents
are in range from 133.66 to 219.79 mg/100 g whole fresh fruit. The cyanidins predominate
over peonidins and pelargonidins, and the most prevalent individual anthocyanin is cyanidin3-O-(2'-glucosyl) rutinoside. The differences in the investigated parameters are due to the
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variety, growing season, cultivation region, climatic conditions, and applied agricultural
practices.
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ABSTRACT
The aim of this study was to investigate the effect of the preparation procedure on the anthocyanin
profile of sour cherry liqueurs.
The liqueurs were prepared according to the traditional recipe; during the summer ripe fruits and
sucrose were placed in jars, and food grade ethanol was added immediately. The sealed jars were
exposed to direct sunlight in first case, or stored in dark at room temperature, in the second. The
maceration process took place 40 days. After 6 months of aging at dark place the fruits were
separated from the liquid, and the obtained liqueurs were analyzed. Anthocyanins were identified
using LC-ESI-MS system, and quantified on HPLC-PDA system at 530 nm.
The predominant anthocyanin in both liqueurs was cyanidin-3-O-(2'-glucosyl) rutinoside, followed by
pelargonidin pentoside and cyanidin-3-O-rutinoside, with different ratios than those in fresh fruits. Sour
cherry liqueur prepared with exposure to sunlight (LS) during the maceration expressed lower content
of total anthocyanins compared to the liqueur where maceration was performed in dark (LD). The
anthocyanin profiles, as well as the proportions of anthocyanidin fractions were significantly different in
both investigated sour cherry liqueurs.
Keywords: liqueur, sour cherry, anthocyanins, HPLC, mass spectrometry

INTRODUCTION
Liqueurs are very popular beverages among the consumers with refined taste. The process
of their production is usually maceration of herbs or fruits into alcoholic solution during a
certain period of time, with or without addition of sweetener (Mrvčić et al., 2012). The process
usually ends with a minimum maturation period of 3 months (Galego et al., 2011). The
products obtained on this way have high amounts of polyphenols and other active
compounds, extracted from the plant material. As a result the consumption of these
beverages may significantly contribute to the dietary intake of phenolic compounds, which
are believed to possess beneficial health effects (Mikulic-Petkovsek et al., 2015). In the
Balkan region various liqueurs are traditionally prepared, at home. Among them the wellknown sour cherry liqueur has balanced sweet and sour taste, pleasant aroma, and intensive
and attractive red color, as a consequence of extracted anthocyanins.
Anthocyanins are considered as glycosylated polyhydroxy and polymethoxy derivates of 2phenylbenzopyrylium (flavylium) salts, where the 3-hydroxyl group is replaced by glucose or another
sugar (Rakić et al., 2014). The number of hydroxyl groups, the degree of methylation of these

hydroxyl groups, the nature and number of sugar moieties bonded to the molecule, and the
position of linkage determine their color (Bąkowska et al., 2003). In the last decade, great
interest has been developed regarding the evaluation of the anthocyanin content in different
foods, particularly fresh, due to their potential health benefits (Ieri et al., 2012). They
expressed several biological activities, including antioxidant, anti-inflammatory, anti-tumor,
neuroprotective, cardioprotective, antihemolytic, anti-diabetic, and hypolipidemic (Rakić et al., 2014).

Тhe anthocyanins are compounds of sensitive nature, which stability depends on the
processing techniques and storage conditions of foods, as well as temperature, pH,
presence of metal ions, oxygen and sugars.
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The aim of this study was to investigate the effect of employed conditions for traditional
preparation of sour cherry liqueurs on their anthocyanin profile.

MATERIAL AND METHODS
Plant material and chemicals. Sour cherry fruits of Oblačinska variety (OS) from the
harvest season 2015 were used for preparation of the liqueurs. The ethanol (food grade
quality) was purchased from Alkaloid Ltd (Skopje, Macedonia), and the sucrose (food grade)
from the local food supplying store. Chemicals for preparation of sour cherry extract with
quality of analytical grade were purchased from Alkaloid Ltd (Skopje, Macedonia) and
Sigma-Aldrich GmbH (Steinheim, Germany). The chromatographic analysis was done using
standards (cyanidin-3-glucoside; cyanidin-3-rutinoside; peonidin-3-glucoside; pelargonidin-3glucoside) and reagents of HPLC quality grade purchased from Sigma-Aldrich GmbH
(Steinheim, Germany) and Fluka GmbH (Buchs, Switzerland).
Extract preparation. Sour cherry extract was prepared according the procedure presented
by Dimitrovska et al. (2011), using 25 g of plant material, and methanol and distilled water in
ratio 60:40, acidified with 1% w/v hydrochloric acid as extraction mixture. Extracts were
prepared in five repetitions. Extracts were filtered through 0.2 μm pore size polyamide filter
(Cromafil AO-20/25), and transferred into vials prior to analysis.
Liqueur preparation. Two types of sour cherry liqueurs were prepared according to the
traditional recipe. Namely, during the summer season 2015 the ripe sour cherry fruits
together with the sucrose (in proportion 2:1) were placed in jars. The ethanol (50% v/v) was
added immediately in quantity sufficient to cover the content in the jar. After sealing the jars,
they were exposed to direct sunlight in first case, and in the second jars they were stored in
dark at room temperature. The maceration process took place 40 days in both cases,
followed by 6 month period of aging at dark place. Finally, the fruits were separated from the
liquid, and the obtained liqueurs were filtered through 0.2 μm pore size polyamide filter
(Cromafil AO-20/25) and transferred into vials.
HPLC analysis. The analysis of anthocyanins in the sour cherry liqueurs was performed on
Dionex Ultimate 3000 UHPLC system (Thermo Scientific, San Jose, CA) with diode array
detector at 530 nm, using a Gemini C18 column (150 x 4.6 mm, 3 μm; Phenomenex)
operated at 20oC. The elution solvents were prepared of 0.1% (w/v) formic acid and 3% (w/v)
acetonitrile in double distilled water for solvent A, and 0.1% (w/v) formic acid and 3% (w/v)
double distilled water in acetonitrile for the solvent B. The elution was carried out using a
linear gradient from 5 to 20% B in the first 15 min, followed by a linear gradient from 20 to
30% B for 5 min, then an isocratic gradient for next 5 min, followed by a linear gradient from
30 to 90% B for 5 min, and then an isocratic mixture for 15 min before returning to the initial
conditions. The injection volume was 20 μL and the flow rate 0.6 mL min-1.
MS analysis. The identification of anthocyanins was performed using a mass spectrometer
(Thermo Electron LCQ Deca XP MAX, Thermo Finigan, San Jose, CA) with an electrospray
ionization (ESI) operating in positive ion mode, according to the method described by Usenik
et al. (2015).
Statistical analysis. Statistics was performed using Minitab 17 Statistical Software (Minitab
Inc., USA).

RESULTS AND DISCUSSION
Two sour cherry liqueurs prepared according to the different traditional procedures were
analyzed for their anthocyanin profile. According to first procedure, the mixture of sour cherry
fruits, sucrose and ethanol were kept in the dark during the preparation (liqueur LD) at
constant room temperature of 25oC. The second one includes exposure of the same mixture
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to the sun (liqueur LS). Because of the fact that the sour cherry fruits were harvested at the
end of June, the process of preparation (maceration) took place during the whole July and
ended in the middle of August. The proximate period of exposure on direct sunlight, thus
direct UV irradiation, during the day was about 8 hours, so the temperature of the mixture
was in range between 43 and 52oC.
The basic physical and chemical characteristics of the raw material (sour cherry fruits of
Oblačinska variety, cultivated in Skopje region) used for preparation of liqueurs, are already
presented in a previous publication (Ristovski et al., 2015). The contents of the sugars and
acids were 13.83% and 2.29%, respectively. Their ratio, known as maturity index, has shown
that the sour cherry fruits were fully ripped in the harvest period.

Anthocyanins (mg/L liqueur or extract)
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Figure 1. Total content of anthocyanins in the analyzed samples of sour cherry fruits and sour cherry
liqueurs (Data are presented as mean value ± standard deviation, n=5; different letters indicate
significant difference between the mean values, HSD test, α=0.05)

The both liqueurs had significantly lower contents of total anthocyanins (243.17 mg/L liqueur
LD, and 91.80 mg/L liqueur LS) compared to the content of anthocyanins in sour cherries OS (Figure 1). The anthocyanin content decreased by 88%, when the preparation took place
in dark place and by 96%, in the case of sunlight exposure. Also, the contents of total
anthocyanins among the liqueurs obtained using different traditional procedure differed
significantly.
Table 1. Relative contents (%) of identified anthocyanins in the raw material and the analyzed sour
cherry liqueurs
Relative content (%)*
Anthocyanin
OS
LD
LS
c
a
b
Cyanidin-3-O-sophoroside
0.28 ± 0.02
1.43 ± 0.10
0.61 ± 0.05
a
b
c
Cyanidin-3-O-(2’-glucosyl) rutinoside
77.29 ± 0.32
71.08 ± 0.72
54.84 ± 0.84
a
b
c
Cyanidin-3-O-glucoside
1.96 ± 0.16
1.78 ± 0.09
0.59 ± 0.03
a
b
a
Cyanidin-3-O-rutinoside
15.40 ± 0.44
10.84 ± 0.38
15.17 ± 0.41
Peonidin-3-(6’-p-coumaroylglucoside)
c
b
a
1.09 ± 0.06
1.47 ± 0.04
1.64 ± 0.09
glucoside
b
c
a
Peonidin-3-O-rutinoside
1.17 ± 0.07
0.99 ± 0.03
1.71 ± 0.05
c
b
a
Pelargonidin pentoside
2.81 ± 0.25
12.42 ± 0.54
25.45 ± 0.46
*Results are presented as mean value ± standard deviation (n=5); different superscript letters within the same row
indicate significant difference between mean values for the relative content (HSD test, α=0.05)
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Seven individual anthocyanins were identified in the analyzed liqueurs, and in the raw plant
material, namely cyanidin-3-O-sophoroside, cyanidin-3-O-(2'-glucosyl) rutinoside, cyanidin-3O-glucoside, cyanidin-3-O-rutinoside, peonidin-3-(6'-p-coumaroylglucoside) glucoside,
peonidin-3-O-rutinoside, and pelargonidin pentoside. Basically, the content of each individual
anthocyanin present in the liqueurs was lower compared to that in sour cherries. These
differences in the contents contribute to changes in the distribution of anthocyanins in the
liqueurs. The relative contents of individual anthocyanins in sour cherry fruits and both
liqueurs are given in Table 1. Cyanidin-3-O-(2'-glucosyl) rutinoside was the most abundant
individual anthocyanin in both liqueurs, but its proportion was significantly reduced
depending on the procedure for liqueur preparation. Its relative content in the LD liqueur was
71.08%, while in LS liqueur only 50.35%. On the other hand, the lowest degree of loss had
pelargonidin pentoside, hence the significantly increased its relative content in overall
anthocyanin profile of both liqueurs.
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Figure 2. Relative content (%) of anthocyanidin fractions in the analyzed sour cherry fruits and sour
cherry liqueurs (Relative contents are presented as mean value ± standard deviation, n=5; different
letters indicate significant difference between the mean values within each anthocyanidin fraction,
HSD test, α=0.05)

The fraction of cyanidins was the predominant among anthocyanidins, but its proportion
decreased during the preparation and ageing of the liqueurs, and it had the lowest value
(71.21%) in LS liqueur, when the maceration process was conducted on direct sun (Figure
2). In both liqueurs the proportion of peonidins was the lowest, although slightly higher, but
statistically significant, in LS liqueur. Also, the liqueur prepared with exposure to sun had
higher proportion of pelargonidin fraction (25.45%), compared to the LD liqueur where
maceration was performed in dark (12.42%).
The differences in anthocyanin profiles of both liqueurs in comparison to that of sour cherry
fruits, and among them, could be resulted of the preparation procedures and the storage
conditions. Reported data related to the influence of storage conditions on the stability of
anthocyanins, have shown that the total content of anthocyanins decreased 5 times during 6
months storage of the myrtle liqueur (Vacca et al., 2003), but Galego et al. (2011) found that
the anthocyanin profiles of same liqueur types were stable during 6 months storage. The loss
of anthocyanins in cornelian cherry liqueur after 6 months in dark at room temperature
reached level of 98% (Kucharska et al., 2007).
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In general, the anthocyanin levels tend to decrease significantly during maceration of berry
fruits, due to the effect of the temperature, co-pigmentation reactions, sugars interactions
(Gironés-Vilaplana et al., 2015), and ethanol concentration (Tseng et al., 2006). The total
anthocyanin content was reduced for 63% when the sour cherry liqueur was stored at 15oC,
and 94% in case of storage at 30oC, while addition of sugar insignificantly influenced on the
changes in anthocyanin content (Sokól-Łętowska et al., 2014). On the other hand, the effect
of UV light, during the exposure to sun, should be taken into consideration. Bąkowska et al.
(2003) reported stronger influence of UV irradiation on cyanidins degradation than heating at
80oC. Anthocyanin content of blackberry extracts dropped 4 times after 4 days exposure on
direct light source (Contreras-Lopez et al., 2014).
The preparation of sour cherry liqueurs (LD and LS) was performed using 50% ethanol,
hence high degree of extraction of the components from the raw material was expected.
Nour et al. (2013) reported that 60% aqueous ethanol led to extraction of significantly higher
amounts of anthocyanins compared to 40%. This concentration of ethanol caused increase
of anthocyanins diffusivity up to a maximum, but it decreased with further increase of ethanol
concentration. However, rise in ethanol concentration could reduce the extent of
copigmentation, maintaing a higher content of free flavylium cations and leading to
decreased anthocyanin stability (Tseng et al., 2006).
Of course, the diffusivity of compounds is dependent on the porosity of the fruit’s tissue and
the skin, but also on the dimensions of individual anthocyanins, which are variable depending
on the derivate type (usually nonacylated and coumaroyl derivatives) and the glucosylation
with sugar moieties. In that way, pelargonidin pentoside as the smallest molecule among the
identified anthocyanins in sour cherries is more likely to pass faster and more completely into
the liquid/liqueur. The impact of endogenous enzymes, which maybe still retained a certain
activity, thus provoking some transformations of the anthocyanins, should not be neglected.
These findings and the fact that liqueurs (LD and LS) visually had attractive and intensive red
color indicate on necessity of studying the phenomenon of co-pigmentation, since liqueurs
are cocktails of phenolic compounds (Stampar et al., 2006).

CONCLUSIONS
This study is a contribution to the even more raising interest for the anthocyanins in foods.
Sour cherry liqueur prepared using dark conditions during the maceration process had higher
anthocyanin content and more favorable anthocyanin profile, compared to the liqueur
prepared with exposure to direct sunlight. The predominant individual anthocyanin in both
liqueurs was cyanidin-3-O-(2'-glucosyl) rutinoside, as in the raw material used for their
preparation. Investigated sour cherry liqueurs had significantly different relative contents of
the individual anthocyanins, but also of the anthocyanidin fractions. Further investigation
should be oriented towards elucidation of anthocyanin extraction during maceration, and
possible degradation, during storage of the liqueurs, but also on determination of their
antioxidant potential.

REFERENCES
Bąkowska, A., Kucharska, A.Z, Oszmiański, J. (2003). The effects of heating, UV irradiation, and storage on
stability of the anthocyanin–polyphenol copigment complex. Food Chemistry, 81, 349-355.
Contreras-Lopez, E., Castañeda-Ovando, A., Gonzáles-Olivares, L.G., Añorve-Morga, J., Jaimez-Ordaz, J.
(2014). Effect of light on stability of anthocyanins in ethanolic extracts of Rubus fruticosus. Food and
Nutrition Sciences, 5, 488-494.
Dimitrovska, M., Bocevska, M., Dimitrovski, D., Murkovic, M. (2011). Anthocyanin composition of Vranec,
Cabernet Sauvignon, Merlot and Pinot Noir grapes as indicator of their varietal differentiation. European
Food Research and Technology, 232, 591-600.

552

III International Congress “Food Technology, Quality and Safety”
Galego, L.R., Da Silva, J.P., Almeida, V.R., Bronze, M.R., Boas, L.V. (2011). Preparation of novel distinct
highly aromatic liquors using fruit distillates. International Journal of Food Science and Technology, 46, 6773.
Gironés-Vilaplana, A., Calín-Sánchez, Á., Moreno, D.A., Carbonell-Barrachina, Á.A., García-Viguera, C.
(2015). Novel maqui liquor using traditional pacharán processing. Food Chemistry, 173, 1228-1235.
Ieri, F., Pinelli, P., Romani, A. (2012). Simultaneous determination of anthocyanins, coumarins and phenolic
acids in fruits, kernels and liqueur of Prunus mahaleb L. Food Chemistry, 135, 2157-2162.
Kucharska, A.Z., Sokół-Łętowska, A., Hudko, J., Nawirska, A. (2007). Influence of the preparation procedure
on the antioxidant activity and colour of liqueurs from cornelian cherry (Cornus mas L.). Polish Journal of
Food and Nutrition Sciences, 57 (4B), 343-347.
Mikulic-Petkovsek, M., Samoticha, J., Eler, K., Stampar, F., Veberic, R. (2015). Traditional elderflower
beverages: a rich source of phenolic compounds with high antioxidant activity. Journal of Agricultural and
Food Chemistry, 63 (5), 1477-1487.
Mrvčić, J., Posavec, S., Kazazić, S., Stanzer, D., Peša, A., Stehlik-Tomas, V. (2012). Spirit drinks: a source of
dietary polyphenols. Croatian Journal of Food Science and Technology, 4 (2), 102-111.
Nour, V., Stampar, F., Veberic, R., Jakopic, J. (2013). Anthocyanins profile, total phenolics and antioxidant
activity of black currant ethanolic extracts as influenced by genotype and ethanol concentration. Food
Chemistry, 141, 961-966.
Rakić, V.P., Ota, A.M., Može Bornšek, Š.F., Miljković, M.N., Sokolović, D.T., Poklar Ulrih, N.E. (2014). The
colour and stability of cyanidin and cyanidin 3-o-β-glucopyranoside. Advanced technologies, 3 (2), 05-09.
Ristovski, B., Sipahi, E., Bocevska, M. (2015). Technological properties of Oblachninska, Ciganchica and
Marela sour cherry varieties. Book of Proceedings, International Conference on Sustainable Development
(ICSD) 2015, Belgrade, Serbia, 159-164.
Sokół-Łętowska, A., Kucharska, A.Z., Wińska, K., Szumny, A., Nawirska-Olszańska, A., Mizgier, P.,
Wyspiańska, D. (2014). Composition and antioxidant activity of red fruit liqueurs. Food Chemistry, 157,
533-539.
Stampar, F., Solar, A., Hudina, M., Veberic, R., Colaric, M. (2006). Traditional walnut liqueur - cocktail of
phenolics. Food Chemistry, 95, 627-631.
Tseng, K.C., Chang, H.M., Wu, J.S.B. (2006). Degradation kinetics of anthocyanin in ethanolic solutions.
Journal of Food Processing and Preservation, 30, 503-514.
Usenik, V., Stampar, F., Mikulic Petkovsek, M., Kastelec, D. (2015). The effect of fruit size and fruit colour on
chemical composition in ‘Kordia’ sweet cherry (Prunus avium L.). Journal of Food Composition and
Analysis, 38, 121-130.
Vacca, V., Piga, A., Caro, A.D., Fenu, P.A.M., Agabbio, M. (2003). Changes in phenolic compounds, colour
and antioxidant activity in industrial red myrtle liqueurs during storage. Nahrung/Food, 47 (6), 442-447.

553

III International Congress “Food Technology, Quality and Safety”

ANTIFUNGAL ACTIVITY OF PARSLEY ESSENTIAL OIL
1

2

1

1

1

Dragana Plavšić *, Gordana Dimić , Đorđe Psodorov , Ljubiša Šarić , Ivana Čabarkapa , Dragan
3
1
Psodorov , Anamarija Mandić
1

Institute of Food Technology, University of Novi Sad, Bulevar cara Lazara 1, 21000 Novi Sad, Serbia
2
Faculty of Technology, University of Novi Sad, Bulevar Cara Lazara 1, 21000 Novi Sad, Serbia
3
Colledge of Management and business communications, Mitropolita Stratimirovića 110, 21205
Sremski Karlovci, Serbia

*Corresponding author:
E-mail address: dragana.plavsic@fins.uns.ac.rs

ABSTRACT
Medicinal and spice plants presents some of the most important sources of biologically active
secondary metabolites, which possess a various antimicrobial characteristics.
The aim of this work was to examine the antifungal activities of parsley essential oil on the specific
laboratory isolates of molds. Eight species of molds were selected for antifungal researches: Alternaria
alternata, Aspegillus flavus, A. niger, A. versicolor, Eurotium herbariorum, Penicillium aurantiogriseum,
P. chrysogenum and P. expansum. The researches of antifungal effect were performed through the
disc-diffusion method by adding parsley essential oil in the quantities of 0.5; 1; 5 and 10 per disc.
Antifungal activity of essential oil was expressed through the diameter of inhibition zone (mm). The
most powerful effect was recorded in E. herbariorum, whereas the most intensive inhibition zones
were measured (16, 18, 67 and 22.33 mm). The weakest inhibitory effect was observed in A. niger in
the quantity of 10 µl.
Keywords: antifungal activity, parsley essential oil

INTRODUCTION
Essential oils are the limpid, aromatic, motile, evaporative, colorless or yellowish liquids.
Besides, phenolic compounds are exquisitely responsible for antimicrobial abilities of
essential oils. There are some indications that side components posses a crucial role in
antimicrobial activity, mostly due to establishing of synergistic effect along with the other
components. Moreover, this analogy was confirmed in the case of sage, some specimens of
thyme and oregano (Burt, 2004; Tajkarimi et al., 2010).
Essential oil's effect on molds could be followed on the macromorphological level and on the
level of the cell. Some of macromorfological changes are: a lack of sporulation or
pigmentation, change in the number of conidias, increased branching of hyphe or change in
their size. It has been considered that changes like this are a consequence of an oil activities
on enzymatic reaction of the cell wall synthesis, which affects the molds grow and
morphogenesis, also as the pulling back of cytoplasm in hyphae, whereby the mycelium
dead occurs (Rasooli, 2004; Carmo et al., 2008).
Parsley was widely applied due to the well proved huge spectrum of medicinal abilities also
as the antimicrobial effects on Gram-positive and Gram-negative bacteria, including Listeria
monocytogenes (Tajkarimi et al., 2010). Depending of the origin and variety, the parsley leaf
contains from 2 to 6 % of essential oil, while the root posses approximately 0.5 % (Wichtl,
1994).
One of the developing directions in the field of food protection against microorganism growth
is a potential application of antimicrobial substances of natural origin, as a substitute for the
synthetic preservatives in the food industry, and the fungicides in the post harvest prevention
of stored herbal products. Considering the mentioned facts, the aim of this work was to
examine an antifungal activity of parsley essential oil on the mold growth isolated from the
flour sample.
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MATHERIAL AND METHODS
Essential oil
Essential oil of Parsley (Petroselinum crispum) was used for the purpose of antifungal
research. Essential oil was distillated from the dried and milled aboveground parts of the
plant in the Clevenger apparatus during 2.5 h process. Oils were extracted by the procedure
of hydrodistillation in accordance with the standard procedure described in Sixth European
pharmacopoeia (European Pharmacopoeia, 2008).
Culture of molds
Eight laboratory origin isolates of molds were selected for antifungal researches, such as:
Alternaria alternata, Aspegillus flavus, A. niger, A. versicolor, Eurotium herbariorum,
Penicillium aurantiogriseum, P. chrysogenum and P. expansum. The identification of isolated
species was determined in accordance to the rules described by Samson et al. (2004),
Samson and Frisvald (2004) and Pitt and Hocking (2009), on the basis of
macromorphological characteristics of reproductive structures (size, shape, color, surface of
the cell wall, branching, sexual and asexual structures).
Preparation of conidia suspensions
Seven days old cultures grown on angled Sabourand dextrose agar (SDA) were used for
preparation of the mold conidia suspensions. Conidia suspensions were prepared in
physiological solution which contained 0.1 % Tween 80. A concentration of 106 conidia/ml
was adjusted by the application of hemocytometer (Burker Turk chamber).
Disc diffusion method
Research of essential oils antifungal activities on the selected molds grow was conducted
using the disc diffusion method (Leboffe and Pierce, 2005). Previously prepared Petri dishes
(Ø 90 mm) were poured with 20 ml of SDA. Well dried surfaces were inoculated with the
molds suspension (final inoculum 106 conidia/ml) along the surface, by the usage of a sterile
smear. The suspension was equally spread in order to obtain a homogeneous growth. This
procedure was repeated for the two times more, along with the rotating of Petri dishes every
time per 60⁰. Inoculated Petri dishes were left 15 minutes at room temperature to achieve a
good absorbance of suspension. After 15 minutes, sterile discs with a diameter of 6 mm
(Himedia, India) were placed over inoculated dishes. Furthermore, a selected amount of
essential oil (0.5; 1; 5 and 10 µl) was spread with micropipette into the dishes.
Thereafter, the seeded dishes were incubated on 25 ⁰C during the 48 h treatment. An
inhibition of growth was evaluated by the measuring of inhibition zone diameter (including the
diameter of the disc) in mm. As a negative control, sterile distillate water was used. On the
basis of measured inhibition zones and the comparison of the obtained values, the effects of
parsley essential oil on the mold isolates growth were characterized.
Statistical analysis
Antimicrobial researches were performed in the triplets. MC Excel was used for
determination of an average values and standard deviation in disc diffusion method.

RESULTS AND DISSCUSION
Inhibitory activities of essential oils on mold growth
Essential oil of parsley, in the case of the disc diffusion method, was shown antifungal
activities in every tested isolates. Inhibitory effects were presented in Table 1.
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Table 1. Antifungal effect of parsley essential oil on mold growth
Inhibition zone diameter (mm)
Molds
Vol.
0.5
1
(µl/disc)
Alternaria alternata
9.0±1.73
12.33±0.58
Aspergillus flavus
7.33±0.58
9.0±0.0
Aspergillus niger
6.67±0.58
9.33±1.15
Aspergillus versicolor
11.33±1.15
12.33±2.08
Eurotioum herbariorum
10.67±1.15
16.0±0.0
Penicillium aurantiogriseum
10.33±1.15
11.67±0.58
Penicillium chrysogenum
11.33±0.58
11.67±0.58
Penicillium expansum
11.33±0.58
12.67±0.58

5

10

14.0±0.0
10.0±0.0
11.33±0.58
16.0±0.0
18.67±0.58
13.33±0.58
12.67±0.58
12.67±0.58

18.33±0.58
13.0±0.0
11.67±0.58
18.0±0.0
22.33±0.58
15.33±0.58
14.0±0.0
14.0±0.0

Inhibitory activities were recorded in every tested sample even in the smallest amount of
essential oil (0.5 µl). Furthermore, an inhibitory effect was rising along with the increase in
volume (1, 5 i 10 µl) in every sample. The strongest effect was recorded in E. herbariorum,
whereby the highest inhibition zones were measured (16, 18.67 and 22.33 mm). The
weakest inhibitory effect was in the case of A. niger (10 µl). Inhibition zones of E.
herbariorum and A. niger were shown in Figure 1 and 2.
a)

b)

c)

d)

Figure 1. Antifungal activities of parsley essential oil in E. herbariorum (amount of oil per disc: a-0.5µl,
b-1µl, c-5µl and d-10µl)

a)

b)

c)

d)
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Figure 2. Antifungal activities of parsley essential oil in A. niger (amount of oil per disc: a-0.5µl, b-1µl,
c-5µl and d-10µl)

Vokk et al. (2011) were examined antifungal activities of parsley essential oil (5 µl) during the
summer and winter season on the isolate of A. flavus. Parsley from the summer season was
performed stronger antifungal activity in comparison to parsley from the winter season,
whereas the inhibition zones were 23 mm (summer season) and 18 mm (winter season).
Farzaei et al. (2013) specified that the antifungal effect of the parsley methanol extract on
A.niger was spotted at a concentration of 37 µg/ml agar diffusion method, and the active
component coumaric compounds.
Elgayyar et al. (2001) announced that parsley essential oil in the amount of 24 mg shows a
moderate antifungal activity on A. niger growth, and the inhibition zone was 17 mm. The
weaker antifungal effect of parsley oil could be connected to the myristicin content. Myristicin
is a phenylpropane, an aromatic easy evaporative compound. In accordance with literature
references, the myristycin is mostly the most dominant component of the parsley essential
oil. Zhang et al. (2006) announced that parsley essential oil had mirysticin in the large extent
(32,75 %), followed by apiol (17,54 %), α-pinene (16,64%), ß-pinenee (11,54%), ß-felandrin
(4,24%). Likewise, in accordance to the results of Ceylan and Fung (2004), the parsley is
characterized with small amount of essential oil.

CONCLUSION
Antifungal in vitro researches of parsley essential oil were shown the activity on tests mold
isolates. Parsley oil activity might be characterized as moderate towards E. herbariorum and
A. alternata, a weaker towards A. versicolor, P. aurantiogriseum, P. expansum, P.
chrysogenum and A. flavus. The least sensitive was A. niger.
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INFLUENCE OF DIFFERENT DRYING METHODS ON PHYSICO-CHEMICAL
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ABSTRACT
Fresh raspberries (Rubus idaeus) were dried by convective drying with heat pumps, vacuum drying
and freeze drying (lyophilization) in order to compare quality of samples dried by different drying
techniques. Physico-chemical properties of dried raspberries were investigated in all applied
techniques. Moisture content, water activity, shear force, rehydration power, total phenols content,
total flavonoids content and antioxidant activity were used as the most suitable quality indicators. The
lowest loss of phenolic compounds and the highest antioxidant capacity were observed in sample
-3
dried by freeze drying (-30 °C, 10 kPa and 72 h), where was also noticed: the lowest moisture
content and aw value and the highest rehydration power. In vacuum dried samples (45 °C, 2 kPa, 14 h
and 60 °C, 2 kPa, 10 h) was observed lowest shear force and the highest flavonoids content,
respectively. Samples dried with convective drying with heat pumps showed less good results of all
physico-chemical properties compared to vacuum and freeze dried samples.
Keywords: Rubus idaeus, convective drying with heat pumps, vacuum drying, freeze drying, physicochemical properties

INTRODUCTION
Serbia takes third place in the world, after Russia and Poland, in the production of
raspberries (Rubus idaeus). One of the major reasons for popularity increasing of raspberries
in the human diet is their high content of natural antioxidants (Moyer et al., 2002; Mylnikov et
al., 2005; Seeram et al., 2006). In order to preserve most of nutritionally valuable
components and antioxidant properties of raspberries, high attention is dedicated for finding
the most appropriate way of raspberry processing. There are various drying methods and
drying processes, which highly affect quality of a dehydrated food product (Krokida et al.,
2000). Convective drying considers long heating process but it can be enhanced by using
heat pump system, which is proven as drying system that is able to control drying
temperature, relative humidity, moisture contain extraction, drying air velocity, drying period,
etc. (Goh et al., 2011). Drying can also be carried out on lower temperatures and pressures
by using vacuum drying process (Das, 2005). Vacuum drying process enables high drying
rate and less energy usage, which directly influence on reducing process costs (Alibas, 2007;
Chen and Lamb, 2001). Freeze-drying or lyophilization is a technique based on sublimation
of a frozen product that results in high-quality of dehydrated products due to the low
temperatures and absence of liquid water required in the process (Marques et al., 2007).
The purpose of this study was to compare three different drying methods of raspberries by
analyzing physico-chemical properties of dried products. Applied drying techniques were:
convective drying with heat pump system (CD); vacuum drying (VD) and freeze-drying (FD).
Moisture content, water activity, total color change, shear force, rehydration power, total
phenols content, total flavonoids content and antioxidant activity determined by DPPH assay
were investigated as most suitable quality indicators of dried products.
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MATERIAL AND METHODS
Sample
Raspberries (Rubus idaeus) were collected near Doroslovo (Serbia) between July and
August (2015). After purchasing, samples were frozen and stored at -20 °C until drying in
order to insure the initial properties of raw samples and prevent potential deteriorative
processes in the samples during the experiment.
Chemicals
1.1-Diphenyl-2-picryl-hydrazyl-hydrate (DPPH) and (-)-catechin were purchased from Sigma
Aldrich (Germany); Folin–Ciocalteu reagent and gallic acid were purchased from Merck
(Germany). All other chemicals and reagents were of analytical reagent grade.
Drying procedures
Convective drying with the heat pumps was performed in convective dryer with the heat
pumps construced and installed in Korona Inženjering d.o.o. in Bačka Palanka. Drying facility
is consisted of drying chamber and backflow channel. Heaters and drying frames are placed
into the drying chamber. Heat generator of this facility is made of two heat pumps (air-water
and water-water). Water from the well is routed to evaporator in heat pump water-water. Heat
pump water-water raises thermal energy taken from the supplied water to a higher
temperature level (close to 60 ° C) and after that circulation pump sends hot water to the
thermal insulated tank. The similar principle is for the air-water heat pump where the heat is
taken away from the surrounding air. Hot water from the condenser of heat pump air-water is
directed into thank with hot water. Hot water from the tank is leading to heaters in the
chamber through the circulation pump and pipes. Air circulation is achieved with the fans.
Sensors in drier are temperature sensors, sensors of relative humidity and sensors of air
velocity primarily through the drying chamber. Vacuum drying with vacuum pump was
performed in a vacuum dryer prototype, described in detail by Šumić et al. (2013). Freeze
drying was performed in a lyophiliser, described in detail by Šumić et al. (2016).
Analysis
Description of analysis (moisture content, water activity, total color change, texture analysis,
rehydration power, total phenols content, total flavonoids content and antioxidant activity) is
shown in detail by Šumić et al. (2016).

RESULTS AND DISCUSSION
Table 1. Convectional, vacuum and freeze-drying conditions and experimentally obtained values of
investigated physical parameters of dried samples
Sample
Temperature
Pressure Drying Moisture Water
Shear Rehydration
[°C]
[kPa]
time
content
activity force
power
[h]
[%]
[g]
[%]
CD1 ¹
45.00
100
24
54.98
0.87
1210
31.50
CD2 ¹
53.00
100
26
17.69
0.60
3257
31.00
CD3 ¹
60.00
100
24
18.88
0.61
3114
32.50
CD4 ²
53.00
100
26
14.95
0.50
4469
35.00
CD5 ³
53.00
100
26
17.83
0.66
3865
32.50
VD1
45.00
2
14.0
13.13
0.42
1208
37.50
VD2
53.00
2
11.5
12.91
0.49
1271
38.75
VD3
60.00
2
10.0
13.14
0.47
2842
31.25
-3
FD
-30.00
10
72.0
11.44
0.37
4923
45.50
CD 1-5 – sample dried by convective drying with heat pump system; VD 1-3 – sample dried by vacuum
drying; FD – freeze-dried sample; 1 – air velocity 1.0 m/s; 2 – air velocity 0.8 m/s; 3 – air velocity 1.2 m/s
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Nine samples of fresh raspberries, each weighing 100 g, were used in experiments. Four
physical parameters (moisture content, water activity, shear force and rehydration power)
and three chemical parameters (total phenolic and flavonoid compounds and antioxidant
capacity) were obtained for five samples dried by convective drying with heat pump system
(CD 1-5), three samples dried by vacuum drying and one sample dried by freeze-drying (FD).
Conditions of drying methods and obtained results for physical parameters of dried samples
are presented in Table (1). Presented results are the average of the obtained values.
Moisture content
Depending on different drying conditions, moisture content in samples dried by CD varied
from 14.95 to 54.98%. The highest moisture content in convective dried samples was
observed in CD1 which is also the highest moisture content compared to all other dried
samples (VD and FD). Such a high content of moisture in CD1 is caused with low
temperature used during CD. This is occurred because lower temperatures cause rapid
establishment of an equilibrium state in product, which results in higher moisture content in
the final dried sample. The lowest moisture content in CD samples was obtained in CD4.
Furthermore, CD1-3 were dried with air velocity 1 m/s, CD4 with 0.8 m/s and CD5 with 1.2
m/s, respectively. Obtained results for CD2, 4 and 5 show that air velocity did not influence
significantly on moisture content of dried products on the same temperature (53 °C).
However, CD on 53 °C, 100 kPa with air velocity 1.2 m/s and with air velocity 0.8 m/s both
lasted 26 h. So, it could be concluded that air velocity doesn’t influence on drying time during
CD. Results obtained for VD samples were between 12.91 and 13.14%, which is significantly
lower compared to CD samples, because of the pressure of 2 kPa achieved with vacuum
pump during vacuum drying. In samples dried by VD, the highest moisture content was
observed in VD3 and it could be noticed that aw values obtained in VD1 and VD3 are very
similar 13.13 and 13.14, respectively. The lowest moisture content, in samples dried by VD,
was obtained in VD2. Comparing all dried raspberry samples (CD, VD and FD) it could be
seen that the lowest moisture content was obtained in FD sample (11.44%), which is caused
with usage of temperature -30 °C, pressure 10-3 kPa and 72 h drying time. This result for
moisture content of FD sample is similar with the result 12.8 %, obtained in study by MegíasPérez et al. (2014).
Water activity
Water activity (aw) in CD samples varied from 0.498 to 0.821. The highest aw value was
obtained in CD1, while the lowest aw value was obtained in CD4. These results coincide with
results obtained for moisture content in CD1 and CD4, which is rather expected since these
two parameters are in direct correlation. aw value obtained for CD1 is also the highest aw of
all dried raspberry samples. Considering oxygen absence and lower temperatures during
vacuum drying, aw values in VD samples were much lower and in the range 0.42 and 0.47%,
which present very satisfying results in terms of preventing microorganism’s growth. In
samples dried by VD, the highest aw value was observed in VD2. However, the lowest aw
value in VD samples was obtained in VD1. As well as the moisture content, comparing all
dried raspberry samples the lowest aw value was obtained in FD sample (0.370). This is
caused by low pressure and temperatures during freeze drying. This result of aw value of FD
sample is similar with the result 0.267, obtained in study by Megías-Pérez et al. (2014).
Shear force
Experimentally observed shear force in CD samples varied between 1210 and 4469 g. The
lowest shear force of CD samples was obtained in CD1 which could be explained with low
temperature used during CD and therefore with very high content of moisture (54.98 %). The
highest shear force of CD samples was obtained in CD4 which is directly connected with the
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lowest moisture content and aw obtained in CD samples. The highest shear force of CD
samples (CD4) is also similar with the result obtained for shear force in FD sample (4923 g).
Shear force in VD samples varied from 1208 to 2842 g. The lowest shear force obtained in
VD1 sample is also the lowest shear force of all dried raspberry samples. This result (1208 g)
is very similar with result for shear force (1210 g) obtained for CD1 sample and explanation
for such a low value is also the low temperature used for drying. It was observed that
conditions used for drying VD1 sample resulted in tender and sticky sample with the lowest
shear force of all dried samples. The shear force obtained in VD3 is the highest shear force
of all VD samples and also lower than CD and FD samples. VD sample showed the highest
shear force (4923 g) of all dried raspberry samples which indicates that low temperature and
long drying time, used for FD, influence on high sample fragility.
Rehydration power
Rehydration power (RP) in samples dried by convective drying was in the range from 31 to
35%. The lowest RP of CD samples was obtained in CD2 and this is also the lowest RP of all
dried raspberry samples. Such a low RP could be explained with particularly low temperature
and long drying time. These conditions caused damage in CD2 sample so that subsequent
absorption of water was quite low compared to all other samples. The highest RP of CD
samples was obtained in CD4 which indicates on influence of air velocity. RP in VD samples
varied from 31.25 to 38.78 %. The lowest RP of VD samples was obtained in VD3 which is
caused by higher temperature of vacuum drying while the highest RP was obtained in VD2.
This result is expected since time of drying VD2 was lower than time of VD1 and drying
temperature was lower than temperature used for VD3. The highest RP (45,50%) of all dried
samples was obtained in VD. This indicates that low temperature and absence of oxygen
influence positively on subsequent ability of water absorption.
Total phenols content
Total phenols content (TP) of fresh raspberries was 1653.49 mg GAE/100 g FW. Loss of
phenolic compounds obtained in CD samples was in the range from 44.67 to 61.57% (Figure
1). Based on these results it is noted that higher temperatures influence negatively on TP
since the lowest TP was obtained in CD 1 and the highest loss of TP was observed in CD 5.
The loss of TP obtained in VD 1 and VD 2 was higher compared to all other dried samples.
Meanwhile loss of TP obtained in VD 3 was the lowest compared to all vacuum and
convective dried samples. The slightest loss of TP was 35.80% in FD, showing that
conditions of freeze drying influence on preservation of phenolic compounds during freeze
drying.

Figure 1. Total phenols content (left) and total flavonoids content (b) observed in samples dried by
convective drying with the heat pumps (CD), vacuum (VD) and freeze-dried samples (FD)

Total flavonoids content
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Total flavonoids content (TF) of fresh raspberries was 468.56 mg CE/100 g FW. Loss of TF
obtained in CD samples was in the range from 40.42 to 68.61%. As in the case of TP it could
be concluded that temperature used for CD influence significantly in TF since the lowest TF
was obtained in CD 1 and the highest loss of TF was observed in CD 5 (Figure 1). Lower
temperatures influence positively on TF preserving during CD in presence of oxygen. The
loss of TF obtained in VD 1 and VD 2 was higher compared to all other dried samples. These
results are match with the results obtained for loss of TP and indicate that longer vacuum
drying time influences negatively on TP and TF in vacuum dried samples. T observed in VD
3 was 37.29% and this is also the lowest loss of TF compared to all dried samples. The loss
of TP in FD sample 43.60% was quite low but also higher than loss obtained in CD 1 and VD
3 which could be explained with the negative influence of long drying time on TF.
DPPH assay
DPPH assay was used for quick screening of antioxidant activities of fresh and dried
raspberries and result, expressed as IC50 value (mg/mL), for fresh raspberries was 0.3545
mg/mL. IC50 values for CD samples were between 0.1801 and 0.2803 mg/mL, while for VD
samples this range was between 0.1566 and 0.2476 mg/mL (Figure 2). Since the loss of total
phenols and flavonoids content of CD and VD samples was the lowest in VD 3, it was
expected that the lowest total IC50 value of CD and VD samples would be obtained in the
same sample. These results indicate that lower pressure, absence of oxygen influence
positively on preservation of antioxidant activity of samples. On the other hand, the highest
antioxidant activity, i.e. the lowest IC50 off all dried samples was observed in FD, showing
that conditions of freeze drying preserve antioxidants in dried raspberries.

Figure 2. Total antioxidant capacity in samples dried by convective drying with the heat pumps (CD),
vacuum (VD) and freeze-dried samples (FD)

CONCLUSIONS
Based on the results obtained for the physico-chemical parameters of dried raspberries
(moisture content, water activity, shear force, rehydration power, total phenols content, total
flavonoids content, and antioxidant activity) dried by convective drying with heat pumps,
vacuum drying and freeze drying, it can be concluded that the lowest loss of phenols
compounds (35.80%) and the highest antioxidant capacity i.e. the lowest IC50 0.1418 were
observed in freeze dried sample (-30 °C, 10-3 kPa and 72 h). In sample dried by freeze drying
was also noticed the lowest moisture content (11.44%), the lowest a w value (0.37) and the
highest rehydration power (45.50%). In samples dried by vacuum drying (45 °C, 2 kPa, 14 h
and 60 °C, 2 kPa, 10 h) was obtained the lowest shear force (1208 g) and also the lowest
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loss of flavonoids content (37.29%). In comparison with samples dried by freeze and vacuum
drying, convective drying with the heat pumps dried samples gave less good results in terms
of investigated physico-chemical properties. Advantage of convective drying with the heat
pumps is reflected in reduced energy usage due to the heat pump system.
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ABSTRACT
The most commonly used method for removing non sucrose substances from raw sugar beet juice is
based on the addition of lime and carbon dioxide. Amount of CaO ranges from 1 to 3% on sugar
beets. In order to reduce the amount of lime, a new method of pectin separation from sugar beet juice
based on the application of binary system CaSO 4/Al2(SO4)3 (1 : 1 w/w) is presented. These
compounds with divalent and trivalent cations cause the process of dischargeable of pectin
macromolecules. This is a prerequisite for the coagulation and precipitation of pectin.
The efficiency of pectin separation was monitored by measuring the zeta potential of pectin
preparations. Zeta potential was determined by electrophoretic method. Two model solutions of pectin
3
3
(50 cm ; 0.1 % wt.) were treated with different concentration of CaSO 4/Al2(SO4)3 (50 – 450 mg/dm ).
Optimal amounts of precipitants were as follows: for solution P1, 700 mg CaSO 4/Al2(SO4)3 per g of
pectin and for solution P2, 580 mg CaSO4/Al2(SO4)3 per g of pectin. These are the quantities required
to neutralize the charge of pectin macromolecules. The ability of separation of this mixture was
compared with the pure compounds, CaSO4 and Al2(SO4)3.
Pure salts Al2(SO4)3 and CaSO4, proved to be the most effective in separation of pectin
macromolecules. Amount of all studied pure compounds and mixtures were significantly less than the
average amount of CaO used in classical process of sugar beet juice purification (about 9 g/g pectin).
That tested compounds are more favourable not only for economic reasons but also for environment
protection.
Keywords: calcium sulphate, aluminium sulphate, pectin, sugar beet, zeta potential

INTRODUCTION
Purification of raw sugar beet juice is very significant operation which is used to remove
undesirable compounds, primarily pectins and proteins in order to obtain the full quality white
sugar. These macromolecules represent an amount of about 60% of total non-sucrose
substances in sugar beet juice. The most common purification process includes milk of lime
and carbon-dioxide. Using this method, the ability to bind calcium ions with pectins and
proteins is very small and the large amount of CaO is required (about 15 g CaO/100g dry
matter of sugar beet juice) (Kuljanin et al., 2014). It can remove less than half of non-sucrose
compounds. Therefore, great amounts of this compound are required, but this can have a
negative consequence on surrounding soil (Haapala et al., 1996).
Interaction between polyvalent cations and pectin macromolecules pectin of plant origin was
investigated (Kohn, 1987; Dronnet et al., 1996 and Kinniburgh et al., 1999). These authors
found the following orders regarding the binding ability of divalent and trivalent cations:
2+

2+

Cu ~ Pb
3+

2+

>> Zn
2+

2+

> Cd

Al > Cu > Pb > Cd

2+

2+

2+

~ Ni

> Ca

2+

Ca

(1)

2+

(2)

It is evident that Cu2+ ions (equation 1) are more efficient than Ca2+ ions because of marked
surface complexation ability of Cu2+ ions (Kuljanin, 2008; Lević et al., 2007). The selectivity
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order displayed in equation 2 (Kinniburgh et al., 1999) was in accordance with the amount of
positive charge on these ions.
The studies in work (Lević et al., 2007), have shown that the salts CaCl2, CuSO4 and AlCl3
are more efficient in the separation of pectin from sugar beet juice than conventional method
using CaO. Also, in the previous studies, a similar effect has been proved using pure
compounds, CaSO4 and Al2 (SO4)3 (Kuljanin et al., 2014). In these works, the optimal
amounts of Ca and Al salts were determined by zeta potential measurement method (Riddick
et al., 1975).
Because of possible adverse effects of CuSO4 in the processing of food, the use of
Al2(SO4)3, AlCl3, CaSO4 or CaCl2 is recommended for purification the sugar beet juice.
Aluminum and calcium salts are favourable not only for economic reasons but also for the
preservation of the environment (Kuljanin et al., 2014).
The aim of this work was to investigate the effects of binary system with equal shares of
Al2(SO4)3 and CaSO4 (1 : 1; w/w) on the efficiency of pectin separation. The optimal
coagulation and sedimentation are controlled by measuring the zeta potential of the pectin
solution.

MATERIAL AND METHODS
Pectin preparations have been obtained from sugar beets slices during the industrial
processing of sugar beet (factory Žabalj). The crystal hydrate form of salts (CaSO 4 x 2H2O
and Al2(SO4)3 x 18H2O) are used for obtaining aqueous solutions. These salts are
manufactured at the factory "Zorka Pharma", Šabac (purity of salts was 99.0 % w/w). Studied
solutions were prepared with de-ionized water and pH values of each solution was adjusted
to the 7 (pH Meter MA 5740, “Iskra”, Kranj).
The pectin preparations were extracted in acidic conditions (pH 1.0, for preparation P1 and
pH 3.5, for preparation P2) in accordance with standardized laboratory methods of AOAC
(2000). Procedure was repeated three times and basic composition of preparations were
determined (Table 2). Extraction procedure has been described in (Kuljanin, 2008).
Pectin solutions were obtained by dissolving 1 g of preparation in 250 cm3 of distilled water
and leaving it overnight to swell.
Binary solutions were prepared by dissolving 0.5 g of pure salt CaSO4 and 0.5 g of pure salt
Al2(SO4)3 in 200 cm3 distilled water (proportion of salts, 1 : 1; w/w). From these binary
solutions, adequate volume (cm3), using pipette, was added to 50 cm3 of pectin preparation
solutions to obtain the corresponding concentration (ranging from 50 to 500 mg/dm 3) (Table
1).
Table 1. Plan of experiments with model-solutions of pectin preparation
Precipitant: CaSO4/ Al2(SO4)3 (1 : 1 w/w)
3
Flasks filled with 50 cm of pectin solution (0.1% w/w) pH 7
Concentration
of
CaSO4/Al2(SO4)3
3
(mg/dm )
Volume of CaSO4
3
solution (cm )
Volume of Al2(SO4)3
3
solution (cm )

50

100

150

200

250

300

350

400

450

500

0.31

0.63

0.94

1.25

1.56

1.88

2.18

2.50

2.81

3.13

0.29

0.60

0.90

1.19

1.48

1.78

2.07

2.37

2.68

3.00

Description of solutions mixing and procedure of zeta potential measurement is presented in
the articles of Kuljanin et al. (2014); Kuljanin (2008). Zeta potential of pectin solutions was
determined by the method of electrophoresis using a Zeta Meter ZM-77 (Riddick, 1975). An
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average value of 20 measurements of particles was used to derive the zeta potential in the
tested binary solutions.

RESULTS AND DISCUSSION
From Table 2, it can be seen that the preparations P1 and P2 have different compositions
and degrees of esterification which is in accordance with the extraction conditions.
Table 2. Basic physico-chemical composition of pectin preparation
Preparation
P1
Solid content, g/100g
82.25
5
Equivalent of free COOH groups, X · 10
10.60
5
Equivalent of esterified COOH groups, Y · 10
27.55
Content of galacturonic acid, Gal.A, %
66.31
Degree of esterification, DE
72.21

P2
80.35
24.58
16.05
72.24
39.50

The equivalent of free -COOH groups are responsible for the amount of negative charge on
pectin surface while the degree of esterification is inversely proportional to the number of
binding sites for Ca2+ and Al3+ ions. Based on that, the pectin solution P2 showed the better
binding characteristics for Ca2+ and Al3+ ions.
By adding a mixture with the same ratios of Al2(SO4)3 and CaSO4, reduces the absolute value
of zeta potential of pectin macromolecules. Change of the sign a zeta potential was observed
within the whole tested concentrations of binary solution (Figure 1). This indicates that in
addition to the simple charge neutralization and ion exchange, a mechanism of specific
adsorption occurs (Kuljanin et al., 2014).

Figure 1. The influence of binary solution CaSO4/Al2(SO4)3 (1 : 1; w/w) to the change zeta potential of
the pectin preparations P1 and P2

According to the Schulce-Hardy rule, a smaller amount of Al2(SO4)3 would be required for
neutralization of the surface of pectin compared to CaSO4, since Al3+ ion carries larger
charge. But it is also known that Ca2+ ions have a large dehydration effect of hydrophilic
macromolecules such as pectin. From the literature is well known favourable impact of the
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SO42- anions on the coagulation of colloidal particles. In addition to CuSO4, the pure salts
CaSO4 and Al2(SO4)3 proved to be most effective in the separation of pectin from sugar beet
juice (Kuljanin, 2008; Kuljanin et al., 2014). In our tests, under the same experimental
conditions, the amount of mixture CaSO4/Al2(SO4)3 necessary to bring to zero zeta potential
values, amounts 465 mg/dm-3 (705 mg/gp), for pectin P1 and 420 mg/dm3 (585 mg/gp), for
pectin P2. These quantities are slightly larger than the required amount of pure compounds
CaSO4 and Al2(SO4)3 (Kuljanin et al., 2014). On the other hand, these quantities are
significantly less compared with conventional method beet juice purification where
approximately 9 g CaO per g of pectin is used.

CONCLUSIONS
Although the pure salts CuSO4, CaSO4 and Al2(SO4)3 proved to be most effective in the
separation of pectin from sugar beet juice, for the environment protection and for economic
reasons, examined binary system CaSO4/Al2(SO4)3 (1 : 1 w/w) can be used as a good
replacement for the traditional coagulant CaO.
However, reliable comparison between the proposed compounds and traditional coagulant
CaO, require additional testing under industrial conditions of sugar beet juice processing.
Also, additional researches in real industrial conditions are required.
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ABSTRACT
The aim of this study was selection of optimal fermentation parameters (inoculum level and
temperature) for production of fermented soy milk based beverage, using starter culture ABY-6
specially designed for yogurt production. Samples inoculated with five different inoculum levels (0.05;
0
0.1; 0.2; 0.3; 0.4; 0.5%) were fermented at 39, 42 and 45 C. After 6h of fermentation, quality of
fermented soy milk based beverages was evaluated by determining the viable cell count, pH value,
titratable acidity, proteolytic activity and α-amino acid content.
Based on the results all samples reached pH values in range 4.70-5.15 and titratable acidity in range
0
-1
15.6-24.4 SH. Highest viable cell count (9,08 log (CFU ml )) was obtained in sample inoculated with
0
0.5% (w/v) of starter culture, fermented at 42 C. After 6h of fermentation, in samples with highest
viable cell count, proteolytic activity (538.46 µgLe/ml) and free α-amino acid content (249.54 mg/ml)
were determined.
The present study is the first report on use of commercial ABY-6 culture in soy milk fermentation.
Commercial ABY-6 culture could be used for soy milk fermentation in order to formulate probiotic soybased beverage.
Keywords: soymilk, fermentation, probiotic, proteolytic activity

INTRODUCTION
Soy milk is a traditional oriental drink. It is a water extract of soybean that can be a good
substitute for cow's milk. It contains a lot of mineral matters, vitamins, and the advantage is
the lack of cholesterol, lactose and saturated fatty acids. Elevated cholesterol levels and
consumption of saturated fatty acids are today associated with high blood pressure and
atherosclerosis (Rosenthal et al., 2003). In addition, a large part of the population, especially
in Asia and Africa do not tolerate lactose in cow's milk as they are lacking in their ßgalactosidase enzyme that breaks down lactose, or reduced activity of this enzyme. For such
a person consuming cow's milk can cause digestive problems, so soy milk serves as a good
substitute.
Numerous studies show the positive effect of soy on health. It is believed that the soybeans
effect on the reduction of cholesterol in the blood, that alleviates menopausal symptoms and
reduce the risk of cancer, osteoporosis and other related diseases (Rivas et al., 2002; De
Lewis and al., 2006).
However, the presence of indigestible oligosaccharides (raffinose and stachyose) and
specific beany flavor limited consumption of soy milk in Western countries. Since the
fermentation can improve the taste of soy milk, reduce the proportion of raffinose and
stachyose, fermented soy products are gaining in importance and they are considered as
healthier than pure, raw soymilk for a number of reasons. Fermented soymilk have higher
antioxidant activity (Wang et al., 2006), more desirable taste, contain digestible protein and
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have a lower content of oligosaccharides raffinose and stachyose that can cause digestive
disorders (Cruz et al., 1981). Fermentation is generally carried out with lactic acid bacteria,
but also with some types of mold. It also explores the possibility of fermentation of soy milk
with probiotic bacterias (Scalabrini 1998, Božanić 2006, Wang et al., 2006).
Due to improper and unbalanced diet, the presence of various chemicals in food, and
antibiotics therapy, intestinal microflora may be disturbed and harmful microorganisms may
become dominant. Such disturbances in the intestinal microflora equilibrium may lead to the
weakening of the entire physiological system and to a very hazardous and pathological
symptoms of the disease. It is therefore recommended consumption of foods containing
probiotic bacteria such as yogurt, acidophilus milk and similar products (Tamime, 2005).
Since probiotic bacteria entered mainly through fermented milk products, persons who do not
consume milk because of lactose intolerance, allergies to cow's milk protein (casein), or
because of the belief, it was partially denied. Also, multiplies the value of food and health
products (Hou et al., 2000).

MATERIAL AND METHODS
Soymilk (Joya, Mona Naturprodukte GmbH, Austria) was purchased from local supermarket
(Efedra bioshop, Serbia). Nutritional values of 100 ml of soymilk: Protein 3.9 g; fat 2.3 g (of
which saturates 0.3 g); carbohydrate 3.7 g; fibre 0.3 g; salt 0.1 g.
Microorganisms and media
For production of fermented soymilk beverage was used commercial lyophilized dairy starter
culture, known as Lactoferm ABY-6 (Biochem, Italia). Starter culture is mixture of four types
of bacteria in the following ratio:
- Streptococcus salivarius subsp. thermophilus 80%
- Lactobacillus acidophilus 13%
- Bifidobacterium bifidum 6%
- Lactobacillus delbrueckii subsp. bulgaricus 1%
The culture that consists of 10 g lyophilized starter powder is the one currently used in dairy
industry. The culture was maintained according to the manufacturer's instructions at -18 °C
until use (no longer than 20 mounts). For each experiment, 0.05; 0.1; 0.2; 0.3; 0.4; 0.5%
(w/v) of starter culture was gently added in tempered soymilk.
Experimental procedure
Soymilk samples were tempered at 39, 42 and 45 °C and inoculated with 0.05; 0.1; 0.2; 0.3;
0.4; 0.5% (w/v) each. Flasks containing 100 ml of soymilk were incubated at 39, 42 and 45
°C in a water bath. During the incubation, samples (2 ml) were taken every 1 hour for
determination of pH value. The fermentations were carried out for 6 h until pH=4.8±0.2 was
reached. After 6 h fermentations were stopped by quick cooling.
Chemical analysis
The titratable acidity was determined by the Soxhlet-Henkel method (Varga, 2006), and the
pH value was measured using a pH meter (Inolab, WTW 82362, Wellheim, Germany).
Proteolytic activity was determined by OPA method (Church et al, 1983), with some
modifications. Fermented samples were mixed with 2% and 12% trichloroacetic acid (TCA),
respectively, in 1:3 ratio and incubated at 4 °C for 30 minutes. Samples were centrifuged for
15 min at 5000 rpm. After centrifugation, 50.0 μL of supernatant were mixed with 1.0 mL
OPA reagent, and after 5 min apsorbances were mesuared at 340 nm against blank
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containing 50 µL TCA (2% or 12%) in a place of the sample. Proteolytic activitiy of lactic acid
bacteria was calculated
according to standard curve
g (Le/mL) 434,7826 x A 4,552
for L-leucin.
Primary amino acids can be determined by ninhydrin reaction (Lie, 1973). The result is a blue
dye that shows an absorbance maximum at about 570 nm. The amino acid leucine is used
as a standard substance for this assay.
Ninhydrin Color Reagent: 10 g Na2HPO4x12 H2O, 0.5 g ninhydrin, 0.3 g fructose are
dissolved in a total of 100 mL distilled water. Stock may be stored refrigerated up to 2 weeks
in an amber bottle.
Leucine Standard Stock: Exactly 187.5 mg leucine is dissolved in distilled water and brought
to exactly 100 mL. Standard stock may be stored at 0 - 4°C to avoid growth of molds.
Leucine Standard Solution: 1 mL leucine standard stock is diluted into 100 mL (fi nal vol.)
with distilled water. The standard contains 2 mg amino-nitrogen/L. Use freshly made for each
daily assay run.
Dilution solution: 2 g of potassium iodate (KIO3) is dissolved in 600 mL distilled water and
400 mL 96% ethanol added. Stable long term at 4 °C.
One mL of fermented samples was diluted to 100 mL with distilled water and 2 mL
transferred to test tubes. Ninhydrin color reagent (1 mL) is added and the loosely covered
tubes heated in a boiling water bath for 16 min. The tubes are transferred to a cold water
bath to bring to 20°C (within 20 minutes) and then 5 mL of dilution reagent is added, mixed
and the absorbance recorded (within 30 minutes) at 570 nm against a blank containing 2mL
of water in place of the sample

Microbiological analysis
One millilitre of fermented sample was diluted with 9 mL of sodium chloride (0.85%, w/v), and
mixed uniformly. Subsequent serial dilutions were prepared and viable cell count was
determined using pour plate technique. MRS agar and anaerobic incubation at 37 °C for 48 h
were used for the enumeration of viable cell count of probiotic bacteria.
The experiments were performed in triplicate. Mean values were analysed using one-way
ANOVA. The Tukey test was performed for means comparison (Origin Pro 8 (1991–2007),
Origin Lab Co., Northampton, USA). Differences were considered significant at P < 0.05.

RESULTS AND DISCUSSION
Fermentation of soymilk by commercial cultures designed for yoghurt production could be
new way of including soymilk in human consumption. Fermentations were carried out at 39,
42 and 45 °C. Production performances were evaluated by determining pH, titratable acidity
(SH), viable cell count (log (CFU/mL)) and proteolytic activity and free amino acids content.
Changes in pH and titratable acidity (SH) during fermentation are specific for every
temperature and inoculum level used in this research. pH values for different inoculum
concentration (0.05, 0.1, 0.2, 0.3, 0.4 and 0.5% (w/v)) at 39, 42 amd 45 °C, are shown in Fig
1, a), b) and c), respectively. A gradual decrease of pH was observed in all samples during 6
h fermentation. Values of pH were ranged from 4.70 to 5.15 in all samples after fermentation.
Based on the results, pH decreases faster in samples with increasing inoculum level and
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temperature during the fermentation. As shown in Fig 1 (d), titratable acidity (SH) indicated
an increase during the fermentation which points to acid production by lactic acid bacteria.
Titratable acidity of samples ranged from 15.2 to 24.4 °SH after fermentation. Highest
titratable acidity of 24.4 °SH was observed in sample with higher inoculum level and at 42 °C,
which is the optimal temperature for ABY-6 culture. Stijepic et al. (2013), showed similar
values of titratable acidity in fermentation of soymilk with probiotic lactic bacteria and inulin.
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Figure 2. Effect of inoculum concentration on a) pH at 39 °C, b) pH at 42 °C, c) pH at 45 °C, d) SH°

In our previous investigations with ABY-6 culture and whey as a substrate, fermentation time
was shorter (4h), pH values were lower, titratable acidity showed similar values, but viable
probiotic cell count showed lower values, from 4.88 to 5.10 log(CFU/mL) (Bulatović et al.,
2014).
The fermentation time with BTC culture (Bifidobacterium spp,Lactobacillus casei, and
Streptococcus thermophilus) was 6-7 hours, but the viable probiotic cells count (Lactobacillus
casei and bifidobacteria) did not increased importantly during fermentation time (Božanić et
al. 2008). The fermentation time with ABT-5 culture (Lactobacillus acidophillus,
Bifidobacterium spp., and Streptococcus thermophilus) was 7-8 hours and viable cell count
met the requirement for probiotic minimum (~6 log(CFU/mL)) (Božanić et al, 2011).
Therefore, to shorten the fermentation time and to improve growth of viable probiotic cell
count, soymilk was fermented in this research by ABY-6 culture.
The changes in viable cell count of probiotic bacteria in beverages with different inoculum
level (0.05, 0.1, 0.2, 0.3, 0.4 and 0.5% (w/v)) fermented with ABY-6 for 6 h at 39, 42 and 45
°C are show in Fig. 2 a), b) and c), respectively. As indicated in Fig. 2(a-c) viable cell count of
probiotic bacteria (L. acidophilus and B. bifidum) ranged from 6.77 to 9.08 log(CFU/mL) in
samples with 0.05% (w/v) inoculum at 45 °C and 0.5% (w/v) inoculum at 42 °C, respectively,
after 6 h of fermentation. It suggests that inoculum level has significant (P<0.05) influence on
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growth of probiotic cells, during fermentation at 39 °C and 42 °C. Statistically significant
(P<0.05) positive influence of temperature was observed in samples fermented by ABY-6
culture, where viable cell count of probiotic bacteria was ranged from 6.77 in sample with
0.05% (w/v) inoculum concentration at 45 °C to 9.08 log(CFU/mL) in sample with 0.5% (w/v)
inoculum at 42 °C.
Regardless of the positive effect of higher inoculum level and temperature, all samples meet
the requirement (<6.0 log(CFU/mL)) to be considered as probiotics (Tamime, 1995).
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Figure 3. Effect of incubation period on viable cell count at a) 39 °C, b) 42 °C, c) 45 °C, d) Proteolytic
activity and free amino nitrogen content

Proteolytical activity was investigated by OPA method, where was used TCA induced protein
precipitation. As long as the concentration of TCA is greater than or equal to 2% w/v, more
than 80% w/w of the protein is precipitated. When the concentrations of TCA are 10% w/v
and 20% w/v, respectively, 88.0% w/w and 84.9% w/w of the proteins in relatively higher
concentrations (2 mg/mL) are precipitated (Ngo et al., 2014).
Samples with highest viable cell count (9.08 log(CFU/mL)) and optimal pH (4.7) and SH
(24.4) values were chosen for further analysis. Changes in protein concentration and free
amino nitrogen, before and after fermentation are shown in Fig. 2.d. Higher protein
concentration after 6 h of fermentation, detected with OPA reagent, indicates proteolytic
activity of ABY-6 culture. Fermentation gained increase in protein content of 110.87 µg/mL
and 193.05 µg/mL with 2% (w/v) TCA and 12% (w/v) TCA, respectively. Free amino nitrogen
content also showed increased values after fermentation from 161.57 mg/L to 249.54 mg/L.

CONCLUSIONS
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The effect of different process parameters (temperature, inoculum concentration) on
fermentation of soymilk by commercial starter culture ABY-6 was studied at this paper.
Probiotic soy based beverage was successfully formulated using different inoculum
concentration (0.05; 0.1; 0.2; 0.3; 0.4; 0.5% w/v). Beverages obtained in fermentation with
0.5% (w/v) of starter culture indicated increment of viable cell count for 1.28; 1.88; 1.32
log(CFU/mL) compared to the beverages obtained in fermentation with 0.05% (w/v) of starter
culture, at 39, 42 and 45 °C, respectively. Set of experiments performed at 42 °C and
inoculum concentration of 0.5% (w/v) were selected for protein content analysis. Six hours
fermentation indicated enhancement of free amino nitrogen level and proteolytic activity.
The present study is the first report on use of commercial ABY-6 culture in soymilk
fermentation. Commercial ABY-6 culture could be used for soy milk fermentation in order to
formulate probiotic soy-based beverage.
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ABSTRACT
Celery is a rich source of antioxidant nutrients and its consumption has many health benefits, but, its
high water content causes the perishable or damaging effect of the sensory and nutritive
characteristics of celery after short period. The aim of this research was to asses and compare mass
transfer kinetics of the celery roots osmotic dehydration process in two osmotic solutions.
Used osmotic solutions were: concentrated sugar beet molasses and mixed aqueous solution of NaCl
and sucrose. The effect of time and temperature of the process and type of osmotic solution on the
mass transfer kinetics was analyzed by measuring dry matter content and water activity levels of
osmodehydrated celery roots, and also calculating rate of water loss, rate of solid gain and rate of
weight reduction.
The increase of temperature of the process statistically significantly increased values of dry matter
content, rate of water loss, rate of solid gain and rate of weight reduction, while values of water activity
significantly decreased, in both osmotic solutions. With the increase of time of the process values of
dry matter content statistically significantly increased, values of water activity significantly decreased,
while the rates of water loss, solid gain and weight reduction significantly decreased due to the to
reducing concentration gradient between dehydrating material and osmotic solutions. Statistically
significantly higher values of dry matter content, water activity and rates of water loss, solid gain and
weight reduction were achieved in molasses as an osmotic solution than in aqueous solution of NaCl
and sucrose.
Keywords: osmotic dehydration, celery root, sugar beet molasses, mass transfer kinetics, water
activity

INTRODUCTION
Celery (Apium graveolens) is a medical herb and spice used as a food and also in traditional
medicine, by the ancients (Ponjičanin et al., 2013). The whole plant has a specific taste and
characteristic smell, due to the presence of essential oils and aromatic substances (Ježek et
al., 2008, Madamba and Liboon, 2001). Healthful substances in celery have been claimed to
contribute to its healing properties: variety of vitamins, mineral salts and many active
principles (Madamba and Liboon, 2001).
Current studies have confirmed that celery can lower blood pressure, regulate heart function,
as well as the blood glucose level (Li et al., 2014, Kolarović et al., 2010).
Because of high percentage of water, celery is highly perishable and susceptible to bacterial
spoilage. Traditional drying processes can be used to extend its shelf life, but these
treatments mainly lead to texture degradation, colour alteration and nutritional loss (Prakash
et al., 2000, Dermensonlouoglou et al., 2008). The application of osmotic dehydration at a
mild temperature is more effective in preserving valuable bioactive compounds in plant
materials, as compared to the traditional drying treatments. Plants are not exposed to high
temperatures, minimizing, in that way, sensory characteristic changes and retaining or even
improving its initial nutritional value and functional properties (Mišljenović et al., 2012, Bekele
and Ramaswamy, 2010). Additionally, osmotic dehydration is environmentally acceptable
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and energy efficient process due to the low temperature and energy requirements and low
waste material (Filipović et al., 2013). Osmotic dehydration is a water removal process,
based on soaking food in a hypertonic solution under ambient or modified environment
conditions. Driving force for water removal is the concentration gradient between the
surrounding hypertonic solution and the immersed plant material. The complex cellular
structure of plant tissue acts as a semi-permeable membrane, which allows two main
counter-current mass transfers: water outflow from the plant tissue into the osmotic solution
and the simultaneous migration of solids from solution to the tissue (Ćurčić et al., 2013,
Koprivica et al., 2009).
Concentrated sucrose solution, sodium chloride solutions and their combinations are usually
used as hypertonic solutions (Sereno et al., 2001).
Recent research has shown that sugar beet molasses is an excellent medium for osmotic
treatment (OT), primarily due to its high dry matter (80%) and specific nutrient content. The
presence of complex solute compositions in molasses maintains a high transfer potential
favorable to water loss and at the same time for nutritional enrichment of plant material
(Šuput et al., 2015).
The aim of this research was to assess and compare the effects of osmotic solution type,
process time and process temperature on the dry matter content and water activity of the
osmodehydrated celery roots and mass transfer kinetics of the osmotic dehydration process.

MATERIAL AND METHODS
Celery was purchased at local market, shortly before the treatment, to be used in the fresh
state. Before the osmotic treatment (OT), celery roots were cut into small cubes (squares
approximately 1x1x1 cm). Concentrated sugar beet molasses, with initial dry matter content
of 85.04% (weight/weight), was obtained from the sugar factory Crvenka, Serbia. The
aqueous ternary osmotic solution (AOS) was made from sucrose in the quantity of 1.200
g/kg water, NaCl in the quantity of 350 g/kg water and distilled water, with dry matter
content of 60%. The material to solution ratio of 1:20 (weight/weight) was used during all
experiments. The samples of celery leaves and roots were submerged in laboratory jars with
these solutions at three different temperatures of 20 oC, 35 oC and 50 oC, under atmospheric
pressure. Samples were withdrawn from the osmotic solution at determined intervals of time
(1, 3 and 5 h), then lightly washed with water and gently absorbed with paper towels to
remove adhering solution and excessive water from the surface. The moisture content was
determined by drying fresh and osmotically dehydrated celery samples at 105oC in a heat
chamber (Instrumentaria Sutjeska, Croatia) until constant weight. Water activity (aw) of
the osmotic dehydrated samples was measured using a water activity measurement device
(TESTO 650, Germany) with an accuracy of ±0.001 at 25 °C.
Calculations of dry matter content (DMC), rate of water loss (rWL), rate of solid gain (rSG)
and rate of weight reduction (rWR) are described by Moreira and Sereno, (2003).
StatSoft Statistica, for Windows, ver. 10 program was used for Analysis of variance (ANOVA)
and graphics creation.

RESULTS AND DISCUSSION
Table 1 shows celery root osmotic dehydration responses of DMC, aw, rWL, rSG and rWR
which can be used for evaluation of the effects of type of osmotic solutions, process time and
temperature on process mass transfer kinetics.
The highest achieved DMC value, which indicates on the highest mass transfer in the
process, was for celery root sample dehydrated in molasses as an osmotic solution, after 5
hours of process at 50°C and it was 63.021 % dry matter (d.m.). In comparison to the celery
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root sample dehydrated under the same conditions but in AOS as an osmotic solution, the
DMC value for sample dehydrated in molasses was 17.52 % d.m. higher. This trend, of
higher achieved DMC values for samples dehydrated in molasses in comparison to the
corresponding samples dehydrated in AOS is noticeable at all applied process parameters of
time and temperature. Process time has statistically significantly influenced the increase of
DMC values in both osmotic solutions. With the increase of the process temperature, DMC
values have also statistically significantly increased, in both osmotic solutions, influencing
higher mass transfers in the process.
Table 1. Osmotic dehydration mass transfer responses for different osmotic solutions, temperature
and time of the process
Molasses
T
τ
(°C)
(h)
20

1

20

3

20

5

35

1

35

3

35

5

50

1

50

3

50

5

AOS
T
(°C)

τ
(h)

DMC
(% d.m.)
20.361
a
±0.426
24.320
b
±0.487
37.041
e
±0.523
25.011
b
±0.352
31.052
c
±0.518
44.211
d
±1.126
29.316
c
±0.921
43.179
d
±0.399
63.021
f
±0.570

Aw
(-)
0.905
ae
±0.018
0.928
e
±0.018
0.906
ae
±0.014
0.880
ac
±0.010
0.886
ace
±0.003
0.831
bd
±0.023
0.878
ac
±0.011
0.877
ac
±0.005
0.820
d
±0.013

rWL
(g/g initial sample (i.s.) ·s)
8.78e-5
a
±1.39e-6
4.24e-5
d
±2.78e-7
3.24e-5
g
±6.67e-7
1.37e-4
b
±1.11e-6
5.49e-5
e
±3.70e-7
3.78e-5
h
±3.89e-7
1.52e-4
c
±2.51e-6
6.26e-5
f
±8.33e-7
4.33e-5
d
±7.78e-7

rSG
(g/gi.s.·s)
1.75e-5
a
±2.78e-7
6.85e-6
d
±9.26e-8
3.56e-6
g
±5.56e-8
1.64e-5
b
±2.78e-7
7.59e-6
e
±9.25e-8
2.83e-6
h
±5.55e-8
1.86e-5
c
±5.56e-7
1.00e-5
f
±1.85e-7
4.94e-6
i
±5.56e-8

rWR
(g/gi.s.·s)
7.03e-5
a
±1.11e-6
3.56e-5
d
±1.85e-7
2.89e-5
g
±6.11e-7
1.21e-4
b
±8.33e-7
4.73e-5
e
±2.78e-7
3.49e-5
d
±3.33e-7
1.33e-4
c
±1.94e-6
5.26e-5
f
±6.48e-7
3.84e-5
d
±7.22e-7

DMC
Aw
rWL
rSG
rWR
(% d.m.)
(-)
(g/gi.s.·s)
(g/gi.s.·s)
(g/gi.s.·s)
27.267
0.885
1.14e-4
2.81e-5
8.61e-5
20
1
c
ac
d
j
h
±0.393
±0.012
±1.96e-6
±2.78e-7
±1.67e-6
30.301
0.867
4.3e-5
9.81e-6
3.31e-5
20
3
c
abc
d
f
dj
±0.404
±0.001
±7.41e-7
±1.85e-7
±5.56e-7
38.616
0.864
3.20e-5
5.50e-6
2.65e-5
20
5
eh
abc
g
i
g
±0.783
±0.010
±6.67e-7
±1.11e-7
±5.56e-7
34.239
0.833
1.54e-4
3.00e-5
1.24e-4
35
1
g
bd
c
k
i
±0.599
±0.017
±2.78e-6
±2.79e-7
±2.50e-6
41.498
0.851
5.79e-5
1.19e-5
4.59e-5
35
3
d
bcd
fe
m
e
±0.895
±0.009
±1.30e-6
±2.78e-7
±1.02e-6
47.688
0.845
3.53e-5
6.72e-6
2.86e-5
35
5
i
bcd
gh
d
g
±1.432
±0.014
±8.33e-7
1.11e-7
±7.22e-7
39.242
0.809
1.62e-4
3.44e-5
1.28e-4
50
1
h
d
i
l
i
±0.412
±0.010
±2.50e-6
±0.00
±2.51e-6
47.526
0.821
6.19e-5
1.33e-5
4.86e-5
50
3
i
d
fe
n
e
±0.812
±0.006
±1.11e-6
±9.26e-8
±1.02e-6
53.625
0.828
3.82e-5
7.50e-6
3.07e-5
50
5
j
bd
h
de
gj
±0.479
±0.027
±3.33e-7
±5.56e-8
±2.78e-7
a-n
Different letters in superscript within the same column in the table show statistically significant difference
between values of observed data (at p<0.05 level, based on post-hoc Tukey HSD test), n=3

The lowest aw value, which also indicates on the highest mass transfer in the process, was
achieved for celery root sample dehydrated in molasses as an osmotic solution, after 5 hours
of process at 50 °C, the same as in case of DMC values, and it was 0.820. In the case of
osmotic dehydration of samples in AOS at the same applied technological parameters, a w
value was 0.828, which was also the lowest achieved aw value in AOS. Process time has
statistically significantly influenced the decrease of achieved a w values of samples in both
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osmotic solutions. Technological parameter of temperature has shown statistically significant
influence on aw values of samples, by increasing process temperature aw values have
significantly decreased in both osmotic solutions. Mass transfer trends can also be monitored
by analyzing the effects of the applied technological parameters on aw values of
osmodehydrated samples.
By analyzing changes of rWL, rSG and rWR, changes in mass transfer kinetics, which is
main driving force of osmotic dehydration process, can be directly monitored. By this mean,
speed and efficiency of osmotic dehydration process can be monitored and compared
(Filipović et al., 2015).
From presented rWL values in table 1, it can be seen than the highest value of rWL was
achieved at the end of the first hour of the process at 50°C in AOS as an osmotic solution.
Higher rWL values in molasses than in AOS are achieved in latter phases of the process.
This can be explained by very high initial viscosity of molasses (Filipović et al., 2012), which
inhibits initial high speeds of water mass transfer, due to the slower diffusion of removed
water from dehydrating material in molasses. The effects of the process time on the mass
transfer kinetics can be better visualized on graphics presented in figure 1. With the increase
of the process duration rWL values has statistically significantly decreased in both osmotic
solutions. This is the direct consequence of degrading concentration gradient between
osmotic solution and dehydrating sample (Filipović et al., 2014), due to dual mass transfers
of water and solid during the duration of the process. Increase of the process temperature
has statistically significantly influenced the increase of rWL in both osmotic solutions.
Increase of process temperature intensifies diffusion, hence intensifies mass transfer kinetics
of water.
a)

b)

Figure 1. Dependence of rWL change from time and temperature of the osmotic dehydration process
in:
a) Sugar beet molasses
b) AOS

The highest value of rSG was achieved at the end of the first hour of the process at 50°C in
AOS as an osmotic solution, the same as for rWL, table 1. Values of rSG at all corresponding
process parameters were statistically significantly higher for osmotic dehydration in AOS
than in molasses. This higher mass transfer rate of solids in AOS can be explained by
different compositions of two osmotic solutions, where AOS is composed of only small
molecules which more easily migrate from solution into dehydrating celery root samples, than
is case of molasses, which has wide range of molecule sizes in its composition, disabling
higher solid gain. Form the graphics shown in figure 2. it can be seen that, as in case of rWL,
with the increase of the process duration rSG values has statistically significantly decreased
in both osmotic solutions. Increase of the process temperature had statistically significant
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influence on the increase of rSG in both osmotic solutions. Increase of process temperature
had less profound influence on rSG, than in case of rWL, especially in final phases of the
process, due to smaller volume of solutes mass transfer in comparison to water mass
transfer.
b)

a)

Figure 2. Dependence of rSG change from time and temperature of the osmotic dehydration process
in:
a) Sugar beet molasses
b) AOS

The highest value of rWR was achieved at the end of the first hour of the process at 50°C in
AOS as an osmotic solution, the same as for previous responses of rWL and rSG, table 1.
Higher rWR values in molasses than in AOS are achieved in latter phases of the process,
due to combined effects of higher rWL values in molasses, which positively contributes to
rWR values and lower rSG values in molasses which negatively contributes to rWR. Form
the graphics shown in figure 3. it can be seen that, as in case of rWL and rSG, with the
increase of the process duration rWL values has statistically significantly decreased in both
osmotic solutions. Increase of the process temperature had statistically insignificant influence
on the increase of rWR in both osmotic solutions at final phases of the process.

a)
b)

Figure 3. Dependence of rWR change from time and temperature of the osmotic dehydration process
in:
a) Sugar beet molasses
b) AOS

CONCLUSIONS
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From the presented results it can be concluded that in the process of osmotic dehydration of
celery root, obtained dehydrated samples had the highest DMC values of 63.021 % and
corresponding aw value of 0.820, indicating on high level of dehydration.
Process parameters of time and temperature have statistically significant influence on all
tested responses.
Monitored mass transfer kinetics can be used for analysis of the effects of different applied
process parameters on osmotic dehydration process efficiency.
Sugar beet molasses, as an osmotic solution, has shown statistically significantly higher
process efficiency in comparison to the AOS, providing new usage value of this sugar
industry by-product.
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ABSTRACT
Fish is an important source of animal protein in human nutrition, but due to high a w value and water
content, fish tissue is a highly perishable food. To improve its shelf life fish needs to be processed.
Osmotic dehydration is a well-known preservation technique in food processing industry. Dehydration
of foods by osmosis involves the contact of food material with a concentrated aqueous medium. The
medium used for osmotic dehydration of fish (Carassius gibelio) was a combination of ternary osmotic
solution (aqueous solution of sodium chloride and sucrose) and sugar beet molasses in mass ratio
o
1:1. Osmotic dehydration was performed at four solution temperatures (10, 20, 35 and 50 C), in three
different concentrations of an osmotic solution for 1, 3 and 5 hours. Sample to solution ratio was 1:5
(w/w) to neglect the changes of solution concentration during the process. Principal component
analysis (PCA) was used to examine the influence of temperature, concentration and immersion time
on the water loss (WL), solid gain (SG), dry matter content (DM), the a w value and content of minerals
(Na, K, Ca and Mg). Osmotic dehydration has resulted in a decrease in a w value and the increase in
all other observed parameters of dehydrated fish meat.
Keywords: osmotic dehydration, fish, complex solution, PCA

INTRODUCTION
Osmotic dehydration is a well-known food preservation method and complementary
treatment in the food industry, used for partial dewatering of fruits, vegetables and meat
(Pezo et al., 2013; Burubai et al., 2015). Drying of food by osmotic dehydration is beneficial
for nutritional, sensorial and functional properties of the dehydrated material (Nićetin et al.,
2014; Chandraa and Kumarib, 2015). This process is also interesting because it provides
partial water removal from a food product, with low energy consumption and mild heat
treatment (Vieira et al., 2012; Mišljenović et al., 2012). Considering that the process is based
on immersion of food material in hypertonic osmotic solution, selection of appropriate
osmotic medium is very important for obtaining optimal results of osmotic dehydration
(Kucner et al., 2013). Selection of the appropriate hypertonic agent for the osmotic
dehydration process should be made according to the following criteria: having edible taste
and acceptable smell, being innocuous, and stable when coexisting with other components in
food (Pan et al., 2003). Sugar beet molasses has been used as a hypertonic solution for
osmotic dehydration of different food, primarily due to the high dry matter (about 80%) and
specific nutrient content (Filipović et al., 2014; Koprivica et al., 2014). Osmotically treated fish
meat is often dehydrated in hypertonic mediums containing NaCl and sugar, however, in
recent papers efficiency of sugar beet molasses as an osmotic solution for fish meat drying
has been pointed out (Nićetin et al., 2013; Ćurčić et al. 2014; Gubić et al., 2014). Fish meat
dehydrated in sugar beet molasses needs to be further processed to improve the sensory
quality of the final product in terms of aroma and taste, after it can be used as the main or
additional ingredient for the creation of a variety of fish products (Lončar et al., 2015).
A complex osmotic solution used in this research is a combination of traditional (sucrose and
NaCl) and innovative (sugar beet molasses).
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The aim of this paper was to use principal component analysis (PCA) to examine the
influence of temperature (T), concentration (c) and immersion time (t) on the water loss (WL),
solid gain (SG), dry matter content (DM), the aw value and content of minerals (Na, K, Ca and
Mg) of fish meat (Carassius gibelio) osmotically treated in complex hypertonic solution.

MATERIAL AND METHODS
Initial moisture content of fish meat was 75.34%. Fish samples were filleted and cut into
shapes (1x1cm) using kitchen slicer and scissors. After preparation samples were measured
and immersed in hypertonic solutions for 1, 3 and 5 hours. Osmotic solution was prepared
from: sucrose 1200 g/kg water, NaCl 350 g/kg water and distilled water, and mixed with
sugar beet molasses in the ratio 1:1. The solution was diluted to: 52.5, 61.25 and 70% w/w.
The sample to solution ratio was 1:5 (w/w). The process was performed at 10, 20, 35 and 50
o
C.
Fish samples were taken out from solutions, lightly washed with distilled water, gently blotted
with paper to remove excessive water from the surface and weighted. The dry matter content
of the fresh and treated samples was determined by drying the material at 105 °C for 24
hours in a heat chamber (Instrumentaria Sutjeska, Croatia). aw of the osmotically treated
samples was measured using a water activity measurement device (TESTO 650, Germany)
with an accuracy of ±0.001 at 25ºC. Soluble solids content of the molasses solutions was
measured using Abbe refractometer, Carl Zeis, Jenna, at 20 °C. All analytical measurements
were carried out in accordance to AOAC (2000).
PCA is a useful statistical technique used as a central tool in exploratory data analysis (Brlek
et al., 2013). PCA linear multi-parameter models are developed using orthogonal basis
vectors, which are commonly referred to as the main component (Thielemans and Massart,
1985). PCA is performed by eigenvalue decomposition of a data correlation matrix (Abdi and
Williams 2010). PCA is often used for analysis of the results of osmotic dehydration (Matusek
et al., 2008, Koprivica et al., 2014,). Principal component analysis (PCA) was used to
examine the influence of temperature, concentration and immersion time on the water loss
(WL), solid gain (SG), dry matter content (DM), the aw value and content of minerals (Na, K,
Ca and Mg) in osmotically dehydrated samples of fish. PCA analysis was performed using
the StatSoft Statistica 10 program.

RESULTS AND DISCUSSION
The obtained experimental data were presented using basic descriptive statistics, Table 1. At
the beginning of the process there is a large difference between osmotic pressures of
hypertonic solution and the fish tissue that causes a high initial loss of the water from the fish
samples. The maximum values of observed variables were achieved after 5 hours at the
maximum concentrations of the osmotic solution.
Table1. Experimental results
WL
SG
Maximum 0.202
0.056
Minimum 0.550
0.146
Average
0.408
0.095
St. dev.
0.094
0.024
Variance
0.009
0.001

aw

DM

Na

K

Ca

Mg

0.842
0.931
0.887
0.024
0.001

33.520
65.543
48.588
8.678
75.304

0.271
0.597
0.422
0.088
0.008

0.493
0.798
0.639
0.083
0.007

0.017
0.040
0.029
0.006
0.000

0.029
0.038
0.034
0.002
0.000

Table 2 shows the influences of the process variables on the observed responses for the
osmotic dehydration process of fish in complex solution. The analysis revealed that the linear
terms contributed substantially in most of the cases to the generation of a significant SOP
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model. The linear terms of the SOP model were found significant, at p<0.05 level, 95%
confidence limit, and their influence was found as being most important in the majority of
model calculations.
The WL value is significantly affected by all three parameters: t, T and c whereby the t is the
most influential. Only the quadratic term of the SOP for t significantly contributes to the
formation of the process model. All three linear terms of technological parameters
significantly contribute to the SOP model for WL, while only interchange term of t × T is
statistically significant.
The SG value is significantly affected only by t, while quadratic terms of the SOP do not
significantly contribute to the process model.
All three technological parameters significantly affect the aw value, where the greatest
impacts have concentration and time, respectfully. The quadratic terms of SOP for t and c
and all interchange terms, statically significantly contribute to the formation of the process
model.
The DM value is significantly affected by all three parameters: t, T and c whereby the t is the
most influential. The quadratic term of the SOP for t, all linear and interchange terms of t×c
and T×c significantly contribute to the process model, while the quadratic terms for T and c
are not statistically significant.
Table 2. Analysis of variance (ANOVA) for osmotic treatment of fish in complex solution
Term
WL
SG
aw
DM
Na
K
Ca
-3*
*
*
-2*
-2*
-4*
t
0.051*
3.75·10
0.002
361.311
5.00·10
4.16·10
1.94·10
2
-6
*
*
-5*
-6
-7
t
0.009*
5.53·10
0.001
59.695
8.44·10
4.06·10
4.18·10
-3
*
*
-2*
-2*
-4*
T
0.018*
1.50·10
0.001
92.505
2.34·10
2.15·10
1.50·10
2
-5
-4*
-4*
-7
T
0.000
4.89·10
0.000
0.224
6.75·10
8.23·10
7.08·10
-5
*
*
-4*
-6
-6*
c
0.002*
1.94·10
0.002
9.082
1.06·10
5.00·10
4.00·10
2
-6
*
-5
-4**
-7
c
0.000
2.75·10
0.001
0.047
2.09·10
4.24·10
1.07·10
-6
*
-6
-4
-7
t × T 0.002*
1.01·10
0.001
0.106
1.40·10
1.80·10
1.76·10
-6
*
*
-5*
-4**
-8
t×c
0.000
4.23·10
0.001
9.880
8.03·10
4.52·10
6.78·10
-6
*
*
-5
-4*
-6*
T × c 0.001
4.02·10
0.001
13.740
3.36·10
5.07·10
8.37·10
.
-3
-4
-3
1.79 10
Error 0.005
3.97E-04
0.000
30.639
2.60·10
1.79·10
2
r
0.973
0.973
0.990
0.983
0.999
0.989
0.989

Mg
-5*
2.69·10
-9
4.77·10
-5*
2.43·10
-7*
4.12·10
-7*
4.72·10
-10
2.46·10
-8
9.08·10
-9
2.86·10
-6*
2.29·10
.
-6
1.43 10
0.987

* statistically significant at p<0.05 level, 95% confidence level

Na content is significantly affected by all three technological parameters and the t is the most
influential. Only the quadratic term of SOP for c significantly contributes to the formation of
the process model. The interchange term of t × c is also statistically significant.
On the value of K content statistically significant affect t and T. Quadratic terms of SOP for T
and c and interchange terms of t×c and T×c statically significantly contribute to the formation
of the process model.
All three technological parameters statistically significantly affect value of Ca and Mg content
and the c is the most influential. Only the quadratic term of SOP for c and the interchange
term of T×c significantly contribute to the formation of the process model for Ca, while the
quadratic term of SOP for T and the interchange term of T×c significantly contribute to the
formation of the process model for Mg.
Eigenvalues of the correlation matrix for osmotically treated fish samples and the biplot for
treatment in complex solution are shown in Figure 1. Dot captions in Figure 1 are defined by
the equations described by Ćurčić et al. 2014.
There is a neat separation of the observed fish samples according to used assays. The
quality results show that the first two principal components, accounting for 97.67% of the
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total variability, can be considered sufficient for data representation and the first two principal
components of the integrated chemical and physical quality. The values of WL, SG, DM, and
of the mineral contents were more influential for the calculation of the first factor coordinate,
while aw was more influential for the calculation of the second factor coordinate.
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Figure 1. Eigenvalues of the correlation matrix for osmotically treated Carassius gibelio and the biplot
for treatment in complex solution

The impact of processing parameters can be observed in Figure 1. Samples on the right side
of the chart have greater values for WL, SG and DM, also increased content of K, Ca, Mg
and Na, while samples on the left side of the chart have increased aw values. Osmotic
dehydration in complex solution has resulted in lower aw values and higher values for WL,
SG, DM, and the mineral contents in treated fish meat.
Results of osmotic dehydration of fish (Carassius gibelio) in complex solution regarding
effects of processing parameters are similar to the one obtained by dehydration just in sugar
beet molasses and ternary aqueous solution using them as separate osmotic mediums
(Ćurčić et al., 2014). Osmotic dehydration of fish in complex hypertonic solution leads to
efficient water removal from fish samples while fish tissue is being enriched with minerals
almost as good as dehydration in sugar beet molasses, however this osmotic solution could
be a better option in terms of sensorial properties.

CONCLUSIONS
PCA analysis results show that the first two principal components can be considered
sufficient for data representation and the first two principal components for integrated
chemical and physical quality. WL, SG, DM, and the mineral contents have been more
influential for the first factor coordinate calculation, while aw has been more influential for
second factor coordinate calculation.
Osmotic dehydration of fish in complex osmotic solution has led to decrease in aw value and
increase of all other observed parameters of dehydrated samples.
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ABSTRACT
Principal component analysis was performed to study the relationships between textural, chemical,
physical and sensory characteristics (n=15) measured on three traditional Serbian dry fermented
sausages at the end of draying process. In this study dry fermented sausages: Sremski kulen, (n=4),
Lemeški kulen, (n=6), and Petrovská klobása, (n=7) were considered. Sausages were manufactured
according to traditional recipes in different small scale facilities in the northern Serbia (Vojvodina), and
were randomly collected from the local market. Differences in physicochemical characteristics
reflected to even more notable differences in texture characteristics. First three main components
(PCs) accounted for 73.77% of the total variance data, and the individual contributions of the
components were 45.90%, 15.87% and 12.00%, respectively. Principal component analysis separated
samples of sausage Petrovská klobása, as the group with the most reproducible analysed
characteristics. Analysed sensory properties did not make any difference for the characterisation of
sample sausages. Obtained results of statistical analyses should provide knowledge for possible
improvements of the traditional production, in a way that these sausages could be produced in
different facilities with consistent textural characteristics.
Keywords: texture, dry fermented sausages, PCA

INTRODUCTION
In Serbia, a number of traditional dry fermented sausages are produced in the northern part
of the country (Autonomous Province of Vojvodina). Because of specific and recognizable
quality three of them (Sremski kulen, Lemeški kulen, and Petrovská klobása) have been
granted PDO (Protected Designation of Origin) label according to Serbian legislation
(Petrović et al. 2007; Vuković et al. 2011). They are handcrafted, usually in small-scale
facilities during winter, when atmospheric temperatures are around 0°C or lower. Sausages
are produced using the most valuable meat cuts (shoulder, ham, belly, neck) from mature
pigs, containing less water, and having more intensive red colour and firmer consistency.
Beside minced lean pork, minced backfat and seasonings are also used in production. In
traditional production of these sausages curing salts and starter cultures are not used, and
the required fermenting microorganisms originate from the meat itself or from the
environment. After mixing, the obtained batter is stuffed in pig appendix (Sremski kulen,
Lemeški kulen) or pig large intestines (Petrovská klobasá). Sausages undergo slow drying
and ripening processes in traditional smoking/drying rooms (Ikonić et al. 2013; Tasić et al.
2012; Vuković et al. 2011).
Traditional practices in the small scale facilities lead to variability in products' properties, as
there is no strict uniformity in the product's manufacturing by different homemade processors
(Salgado et al. 2006; Talon et al. 2007). Texture is one of the most important component of
meat products quality. Many factors affect final texture of fermented sausages, including
ingredients used, processing parameters, acidification method, drying/ripening conditions, as
well as interactions among these factors over an extended period of time (Szczesniak 2002;
Gonazales-Fernandez et al. 2006; Barbut 2007). The most commonly used instrumental
method for determination of texture parameters of meat products is the compression method
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of texture profile analysis (TPA). This method mimics the conditions to which the material is
subjected throughout the mastication process. Textural attributes in TPA test, including
hardness, springiness, cohesiveness, chewiness, etc., are often defined from the force–time
curves (Szczesniak, 2002; Gonazales-Fernandez et al. 2006; Barbut 2007). As it is one of
the most important components of sausage quality it is important to create a product of
textural attributes accepted by the consumer, but also it is important to ensure product's
quality reproducibility, i.e. a low variability of product characteristics (Probola and Zander
2007). However, insufficient work has been conducted so far to assess reproducibility of the
texture quality of traditional dry fermented sausages (Rason et al. 2007).
Using principal component analysis (PCA) the total number of variables can be reduced, and
original variables can be transformed into new axes or principal components (Wang et al.
2010).
Considering the high interest of consumers for traditional dry fermented sausages and the
lack of information about texture characteristics of these products the aim of this work was to
determine textural characteristics of three traditional dry fermented sausages (Sremski kulen,
Lemeški kulen and Petrovská klobasá) produced in different small scale facilities and to
determine their relationship with physicochemical and sensory characteristics.

MATERIAL AND METHODS
Samples
Three Serbian traditional dry fermented sausages were considered in this study: Sremski
kulen (S), (n=4), Lemeški kulen (L), (n=6), and Petrovská klobása (P), (n=7). The sample
sausages were supplied in triplicate (diﬀerent batches) by local traditional producers and
were stored at 4⁰C before analyses.
Chemical composition analyses
The pH was measured using the portable pH meter Testo 205 (Testo AG, USA) equipped
with a combined penetration tip with temperature probe (ISO 2917 1999). Moisture, protein
(Kjeldahl N x 6.25) and fat contents were determined by ISO recommended standards (ISO
1442 1997; ISO 937 1978; ISO 1443 1973, respectively).
Texture profile analysis
Texture profile analysis (TPA) was performed as described by Bourne (1978), at room
temperature, using TA.HD plus Texture Analyser (Stable Micro Systems, Godalming, UK)
equipped with a standard cylindrical plate of 75 mm in diameter. The samples (cylinders) 2
cm thick and 2.54 cm in diameter, after discarding the external layer of the sausage, were
compressed twice to 50% of their original thickness at a constant test speed of 1 mm/s. The
following parameters were determined: hardness (kg), springiness, cohesiveness and
chewiness (kg).
Colour measurements
Colour measurements were performed on the fresh cut of the sausage at room temperature
using MINOLTA Chroma Meter CR-400 (Minolta Co., Ltd., Osaka, Japan). Sausage colour
characteristics were expressed by CIE L*a*b* system (L*– lightness, a* – redness, b*–
yellowness) (CIE 1976).
Sensory evaluation
The sensory analyses were performed by 9-member panel. Panel tasters were asked to
score samples by using a 1–9 scale for each attribute to be evaluated, where 1=very low and
9=very high intensity. The descriptors considered chewiness, cohesiveness, and juiciness.
For the assessment casing was removed and the sausages were cut into slices of
approximately 3 mm thickness and served at room temperature on white plastic dishes.
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Statistical analysis
The statistical analyses were carried out using software package Statistica version 12
(www.statsoft.com)

RESULTS AND DISCUSSION
The results of physicochemical, textural, and sensory analyses of all three groups of
traditional dry fermented sausages with basic statistics for characterization of the variability
of the analysed samples are given in Table 1.
Table 1. Textural, physicochemical and sensory characteristics of traditional dry fermented sausages
S
L
P
Sample/
Characteristics
Mean SD
CV
Mean SD
CV
Mean SD
CV

Textural

HD

14.45

SP

0.53

a*

CH

0.44

CW

a

W
P
Physico
F
chemical
pH
D

Sensory

Colour

3.1

7.21

7.65

0.45

0.04

7.41

0.39

1.13

34.76
40.42

a

5.93

15.86

c

89.92

Chew

5.77

Juic

a

a

10.63

0.05

a

5.69

43.23

31.02

1.81

5.17

b

b

44.43

7.86

0.07

14.75

0.39

0.09

21.75

0.32

0.74

37.73

0.96

b

b

7.98

3.11

8.88

2.14

5.22

0.14

2.37

1.58

3.28

0.61

9.75

36.64

3.98

9.92

32.39

2.8

15.3

21.55

b

4.81

20.36

37.91

a

0.22

3.34

5.60

0.37

6.00

5.36

6.42

6.18

87.78
b

4.76

30.14

1.87

12.7

a

0.10

21.65

b

12.50

7.71

43.88

ab

4.51

0.03

0.45

32.95

7.01

44.26

b

a

2.81

3.76

4.95

44.60

0.36

6.94

5.78

a

b

0.67

10.11

4.74

7.77

1.36

15.14

7.05

1.27

16.47

7.03

1.60

21.11

Cohe

7.51

1.05

12.16

5.90

1.52

20.41

5.82

1.75

27.8

L*

32.41

3.05

8.14

32.06

3.87

11.01

33.04

a*
b*

18.73

b

13.15

b

2.48
2.24

11.47
14.76

23.63

a

18.17

a

3.16
4.27

12.20
21.45

0.91

2.55

24.36

a

1.85

7.04

18.50

a

1.44

7.22

HR - Hardness (kg); SP – springiness; CH – Cohesiveness; CW - Chewiness (kg); W – water content (g/100g); P
– protein content (g/100g); F – fat content (g/100g); PH – pH value; D – Diameter (mm) Chew - Chewiness; Juic
*a–c
– juiciness; Cohe – Cohesiveness; L* - lightenes; a* - redness, b* - yelowness; SD – standard deviation;
Means within the same column with different superscript letters are different (P<0.05)

Average moisture and protein contents for all three groups of samples were within the
recommended values for dry fermented sausages (Serbian Legislation 2015). Determined fat
contents differed significantly (P<0.05) among all three analyzed groups of sausages.
Further, samples of P group showed the lowest (P>0.05) pH value (5.36), while S and L
sausages had on average pH value of 5.69 and 5.60, respectively. These values are in
accordance with previous results for this type of sausages (Vuković et al. 2011; Ikonić et al.
2013). Naturally fermented dry sausages are generally characterized by low acidity (Rason
et al. 2007). Diameter values were characteristic for these types of sausages, being the
lowest (P<0.05) for P sausage. The highest mean hardness value was determined for
sausages S (14.45kg), followed by L (10.63 kg) and P (7.86 kg) sausages. Hardness values
obtained in the present study for P sausages, were in agreement with results reported for
sucuk (Bozkurt and Bayram 2006), while the ones obtained for S and L sausages were
higher than those for sucuk (Bozkurt and Bayram 2006), chorizo de Pamplona (Gimeno et al.
2000), and Italian low-acid sausage (Spaziani et al. 2009). Cohesiveness mean values did
not differ significantly among samples, and were in the range from 0.32 to 0.44. Lack of
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variability in cohesiveness could be a consequence of pH value being close or over
isoelectric point (Spaziani et al., 2009). Springiness was the highest (P<0.05) for S (0.53)
sausages followed by L (0.45) and P (0.39) sausage, which did not differ significantly.
Chewiness value had the same trend as hardness and springiness, being highest (P<0.05)
for S sausages (3.17 kg), followed by L (1.81kg) and P (0.96kg) sausages, without significant
difference between the last two.
Regarding sensory characteristics significant differences (P<0.05) among sausages were
determined only for chewiness, being the lowest for L sausages. Results of instrumental
colour characteristics showed that there were no differences (P>0.05) among analysed
groups of samples for L* value, while S sausages had significantly lower a* and b* values.
The obtained results show that analyzed sausages were darker that chorizo de Pamplona
(Gimeno et al. 2000), but lighter than sucuk (Bozkurt and Bayram 2006).
Correlation coefficients between the textural characteristics and physicochemical
characteristics and sensory properties are shown in Table 2. All analysed textural
characteristic were significantly (P<0.05 - 0.001) correlated with total fat content, while water
content correlated with springiness and cohesiveness, and protein content with hardness and
chewiness.
Table 2. Correlation matrix of the textural and physicochemical and sensory characteristics of
traditional dry fermented sausages
a

HD
SP
CH

SP

CH

CW

W

P

F

pH

D

Chew Juic

Cohe L*

a*

b*

0.19

0.00

0.84***

0.11

0.86***

-0.54*

0.27

0.40

0.08

-0.11

0.31

-0.24

-0.52*

-0.40

0.70**

0.35

-0.65**

0.62**

0.66** 0.13

-0.03

0.05

-0.15

-0.61*

-0.50*

0.66**

0.35

-0.59*

0.36

0.51*

0.13

-0.12

-0.17

-.037

-0.32

0.63** 0.60*
0.45

-0.01

0.47
0.88*** -0.78*** 0.52* 0.66** 0.07
0.02 0.27
-0.32 -0.73**
CW
the labels correspond to the ones in Table 1; significant correlation * P<0.05; ** P<0.01; *** P<0.001

-0.60*

a

For a global view, the principal component analysis was performed with the data of
physicochemical, and sensory characteristics of the fermented sausages samples (Figs 2
and 3). Three main components (F1, F2 and F3) were used, which accounted for 73.77% of
the total variance data, and the individual contributions of the components were 45.90%,
15.87% and 12.00%, respectively.
The fact that three dimensions were used suggested the wide variability in the analysed
parameters what was linked to different raw material/formulation and processing parameters.
Through first two components (F1 and F2) it was only possible to separate samples of P
sausages, which were allocated on the negative quadrant of F1, highly influenced by the fat
content of the samples, and negatively correlated with moisture content and diameter size.
These samples had the highest fat content, with the lowest coefficient of variation. Data for
other samples were scattered mostly in the positive quadrant of F1.
Regarding instrumental colour characteristics F2 cooperated with separating sample L2,
which had highest L*, a* and b* values, comparing with all other samples, i.e. it was the
lightest and with the highest chare of red colour. Further, the third PC (F3) was associated
with hardness and protein content what was important in the characterisation of S3, S4 and
L4 samples, since these samples were the highest in these characteristics comparing to the
others.
Also, springiness and cohesiveness position on the positive quadrant of F3 were important
for characterisation of samples S1, S2, L5 and L6 being highest in these values comparing to
other samples, and also being highest in moisture content which was positively correlated
with these two textural parameters. Analysed sensory properties of sausages (chewiness,
cohesiveness, and juiciness) did not make any difference for the characterisation of samples,
and no significant correlations (P>0.05) (data not shown) were determined between
instrumentally and sensory determined texture parameters.
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a)

b)

Figure. 1. a) PCA loading plots in the plane of factors 2 and 3 vs. factor 1
b) Results of the PCA – score plots in the plane of factors 2 and 3 vs. factor 1 – the labels correspond
to samples given in Table 1

CONCLUSIONS
Although the recipes and procedures in traditional production of Sremski kulen, Lemeški
kulen and Petrovská klobasá in small scale facilities are well known obtained results showed
differences in physicochemical characteristics even between sausages of the same type
produced in different small scale facilities. Three main PCA components, accounted for
73.77%, were used, what suggested the wide variability in the analysed parameters.
Through first two components it was only possible to separate samples of P sausages, due
to reproducibility of its analysed characteristics. Obtained results of statistical analyses
should provide knowledge for possible improvements of the traditional production, in a way
that these sausages could be produced in different facilities with consistent textural
characteristics.
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ABSTRACT
The aim of the present paper is to highlight the importance of indigenous and non-indigenous
pathogens isolated from fish in different countries. Outbreaks of food-borne diseases arising from the
consumption of fish contaminated with pathogenic bacteria are of major public health and economic
concern to the aquaculture. Pathogenic bacteria, both indigenous and non-indigenous when present in
fish and in fishery products, are usually found at low levels and if these products are properly cooked,
food safety hazards are not significant.
Keywords: bacteria, fish meat, food-borne diseases, heat treatments

INTRODUCTION
Fish is considered as a healthy food (Ljubojević et al., 2013), which is one of the most
important reason for increasing demand for fish around the world. On the other hand there
are public safety concerns related to the presence of bacterial hazards in fish. The aims of
the present paper are to describe the most important bacterial hazards in fish, to highlight the
need for proper preparation of fish dishes and to inform the public about the risk associated
with consumption of contaminated fish. Also, some methods of preservation of fish meat are
described in the present paper.
FOOD-BORNE DISEASES
Foodborne diseases are caused by consuming contaminated food and represent a common
and sometimes life-threatening problem for millions of people around the world. Outbreaks of
foodborne diseases arising from the consumption of food contaminated with pathogenic
bacteria are of major public health and economic concern to the food industry. Systems of
surveillance of food-borne disease can be different in capacity in different countries,
especially for fish-borne diseases. According to Todd (2006) there is a tendency that much
less information regarding fish-borne diseases exists in developing countries in comparison
to developed countries event thought the fact that contaminated food and water is assumed
to be more present in developing countries. Also, there are less information related to foodborne diseases caused by eating fish than related to food-borne disease caused by eating
meat and poultry. The true incidence of diseases transmitted by fish is not known and it has
been estimated that the reported incidence of all food-borne disease, including fish-borne
diseases is less than 1% of the true incidence. The number of outbreaks of food-borne
diseases caused by fish consumption is generally small when compared to those caused by
poultry, dairy and meat products. The main reason for that is the fact that during storage,
indigenous spoilage bacteria will outgrow the indigenous pathogenic bacteria and fish will be
spoiled before becoming toxic due to the presence of greater amounts of pathogens.
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According to Huss et al. (2000) the importance of fish as vehicle for food-borne diseases
depends on a number of factors such as diet of the population and traditional way of
preparing food and they noted that the proportion of outbreaks due to fish is significantly
higher in Japan, where fish are an important part of the diet and furthermore fish is often
eaten raw. It is important that proper cooking procedures will eliminate the risk from these
pathogens, so the safety concerns are primarily related to consumption of raw or
undercooked fish. Human infections commonly caused by pathogens are transmitted from
fish or the aquatic environment. Bacterial species which are facultative pathogens for both
human and fish may be isolated from fish without apparent symptoms of disease.
FOOD SAFETY HAZARDS ASSOCIATED WITH FISH
Hazards due to environmental contamination of fish by pathogenic microorganisms are major
problems in aquaculture. Fish in aquaculture are generally stressed due to limited living
space and health care of reared fish is very important. The hazards associated with human
pathogenic bacteria in fish produced in aquaculture can be divided into two groups: bacteria
naturally present in the aquatic environment, referred to as indigenous bacteria, and those
present as a result of contamination with human or animal feces or otherwise introduced into
the aquatic environment known as non-indigenous bacteria (Feldhusen, 2000). Moreover,
hazards may occur during post-harvest handling or processing. The non-indigenous
pathogenic microorganisms are Salmonella, Staphylococcus aureus, Clostridium botulinum,
Bacillus cereus, Campylobacter jejuni, Escherichia coli O157:H7, Yersinia enterocolitica and
Listeria monocytogenes (Feldhusen, 2000). The indigenous bacterial pathogens are found
naturally living in the fish habitat such as Vibrio species and Aeromonas and if they are
present in fresh fish, they are usually found at low levels, and if fish are adequately cooked,
food safety hazards are insignificant. The contamination of fish can occur prior to harvest,
during capture, processing, distribution or storage. People can be exposed to both
indigenous and non-indigenous species through the ingestion of fish that have been
harvested from contaminated water or which have come into contact with contaminated
water during processing. Fish feed which is unhygienic, particularly those prepared from fish
meal have also been recognized as a major source of pathogenic bacteria in fish farms. Fish
can be contaminated during processing and pathogenic agents present on the raw material
may survive and thus be present on the final product and contamination with new pathogens
is also possible. Recontamination of heat treated fish and fishery products before packaging
is another serious safety concern especially where only a low infective dose is required to
cause disease. The outbreaks of fish-borne diseases are much higher in Korea, Japan,
India, and Southeast Asian countries than in North America and European countries (Huss et
al., 2000). Fertilization of fish pond is often used in fish farming for the intensification of fish
production (Ćirković et al., 2012). However, the use of manure, classified as hazardous
organic matter originating from animal feces, poses a risk to the water environment
(Mlejnkova and Sovova, 2012). Moreover, it can be a great public health concern due to an
increase in the concentrations of pathogenic microorganisms in animal manure which is
amplified by the restriction of farming system units with little exchange of water (Petersen et
al., 2002). Elsaidy et al. (2015) examined the microbial water and fish quality due to feeding
of chicken manure and fermented chicken manure to fish in ponds, using Nile tilapia
(Oreochromis niloticus). The results obtained by Elsaidy et al. (2015) proved the influence of
chicken manure on water and fish quality and recommend the use of fermented chicken
manure as a bacteriologically safe fish pond fertilizer.
PREVENTION AND CONTROL OF BACTERIAL ZOONOTIC PATHOGENS IN FISH MEAT
Preventing pre-harvest contamination of fish with pathogens is either not possible or very
difficult and the naturally occurring pathogenic bacteria will always be present, while fecal
pollution (some pathogenic bacteria, enteric virus) can be prevented at a cost and the
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preventive measures include monitoring of the fishing areas or fish ponds for the presence of
fecal pollution. It is very important to properly chill the fish immediately after catch in order to
stop autolytic and microbiological spoilage. Contamination of fish can occur during primary
production in fish pond or during processing, so before marketing, fish may be held in clean
water to reduce excreted organisms, a process known as depuration. There are also the
other processing techniques to control fish spoilage such as freezing, storage under the
modified atmosphere, dehydration and others (Baltić et al., 2009; Babić et al., 2014, 2015).
Since ancient times, different methods have been developed to preserve fish and fishery
products including: pickling, drying, salting, freezing and canning. Also, natural bioactive
compounds originated in traditional medicinal plants can be used for preservation due to their
low cost and abundant sources and verification of their antioxidant and antimicrobial activities
against common pathogens (Sahari and Asgari, 2013).
Cinnamon essential oil is extracted from bark and leaves of Cinnamomum verum and the
presence of cinnamaldehyde and eugenol in cinnamon essential oil is found to be key
antioxidant and antimicrobial chemical compounds which showed antimicrobial activity
against many pathogens (Sahari and Asgari, 2013). Black cumin (Nigella sativa) is a
medicinal seed and treatment with ethanolic extract of N. sativa reduced aerobic plate count,
yeast, and coliforms in marinated raw trout (Oncorhynchus mykiss) (Negi et al., 2012). Basil
(Ocimum basilicum L.) is a popular culinary herb, and its essential oils have been used as
aroma additives in food, pharmaceuticals, and cosmetics and antimicrobial efficacy of basil
essential oils and their major components against a wide range of gram-negative and grampositive bacteria, yeast, and mold has been proved (Suppakul et al., 2003). Mahmoud et al.
(2004) analyzed the microflora of common carp (Cyprinus carpio) skin, gill and intestine and
the antimicrobial activities of garlic oil and nine constituents of essential oils (allyl
isothiocyanate, carvacrol, cinnamaldehyde, citral, cuminnaldehyde, eugenol, isoeugenol,
linalool and thymol) against the carp isolates in order to identify compounds that might
extend the shelf-life of carp fillet. They noted that antimicrobial agents, including food
preservatives and organic acids, can be used to inhibit the growth of food borne bacteria and
to extend the shelf-life of processed food. Doubtless, continuous hygiene is the most
effective pathogen-intervention strategy available.
Huss et al. (2000) pointed out that there are serious safety concerns related to the
consumption of raw fish due to the presence of bacterial hazards. It is very difficult or
impossible to control hazards which are present in fish pre-harvest by applying presently
available preventive measures. On the other hand, the hazards related to contamination,
recontamination or survival of biological hazards during processing can be controlled by
applying Good Manufacturing Practice (GMP), Good Hygiene Practice (GHP) and a properly
designed HACCP-programme. Huss et al. (2000) highlighted the fact that the outbreaks
related with fish consumption continue to occur even after application of GMP, GHP and
HACCP-principles in the processing of fish and that the big problem is the traditional habit of
raw or improperly cooked fish consumption. Because of that, consumers should be informed
of the risk associated with consumption of raw fish.

CONCLUSIONS
Even though there is no official report regarding finding of pathogenic bacteria in fish as
cause of disease in humans in Republic of Serbia, the results of the previous investigation
indicate that possible foodborne diseases caused by these microorganisms are major
concerns surrounding fish and fisheries products. Therefore, further research and a broad
control system are needed to improve safety of these products and to retain the fish and
fisheries product quality characteristics to satisfy consumer demands while controlling this
potential safety hazards. The results suggest that changes such as adding natural
antimicrobial and antioxidant ingredients and different process modifications and especially
thermal treatment in fish and fisheries products should be applied to improve safety.
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ABSTRACT
It is well known that essential oils of plants have antimicrobial activity against a broad spectrum of
bacteria. The subject of this study was to test antimicrobial activity of various essential oils against
selected strains of Salmonella Enteritidis, Escherichia coli, Listeria monocytogenes and Pseudomonas
aeruginosa. The cylinder plate method was used to test antimicrobial activity. The antimicrobial activity
of essential oils was compared to reference antimicrobial drugs in order to determine the possibilities
of using essential oils in pharmaceutical and food industry as "the natural preservative". Essential oils
of cinnamon and klamath weed have shown the best inhibitory effect, while the tea tree and lily
essential oils have shown the lowest antimicrobial activity.
Key words: essential oils, antimicrobial activity, growth inhibition

INTRODUCTION
With the discovery of penicillin in 1928, Alexander Fleming introduced one of the biggest
changes in the history of medicine. Antibiotics have been played a significant role in
reduction of the risk of infectious diseases for a long time, but their frequent use in recent
years has caused the antibiotic resistance in bacteria (Roussel, 2003). Beside the increase in
bacterial infection, the overuse of antibiotics has led to destruction of beneficial bacteria as
well as weakening of the human immune system. Research interest in the application of the
plants and their products as an alternative to antibiotics has increased in recent years.
Although therapeutic effects of the plants have been known since ancient times Phytotherapy
has been recently accepted by scientists. Today, there are phytotherapy departments in
hospitals in Germany and doctors prescribe herbal tinctures rather than synthetic drugs (Mc
Kenna, 2009).
Spices and medicinal herbs have been used as food additives for ages, to give aroma, to
intensify the taste and also as natural preservatives. A large number of spices and medicinal
herbs shows insecticidal and antimicrobial activity, which is very important in the food
industry for preserving food and preventing the development of pathogenic microorganisms.
(Dorman and Deans, 2000; Fasseas et al., 2008; Gutierrez et al., 2008, Valero et al., 2003;
Soliman et al., 2002; Kalaba et al., 2015; Kalaba et al., 2014, Kalaba et al., 2014, Miletic et
al., 2009; Popovic and Djurdjevic Milosevic, 2008).
Among the different materials of plant origin with known antimicrobial properties essential oils
can be of great significance in therapeutic treatments.
Essential oils present a mixture of aromatic and easily evaporable, low molecular weight
compounds, which are soluble in lipids and organic solvents. They can be found in all parts
of plants, they can be concentrated in specific parts of a plant (flower, leaf, root, bark or
seed). The amount of essential oils could vary a lot. (Bajpai et al., 2012; Bakkal, 2004;
Tajkarimi et al., 2010; Lv F et al., 2011).
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The aim of this study was to investigate the antimicrobial activity of essential oils of
eucalyptus, rosemary, mint, clove, thyme, tea tree, cinnamon and klamath weed against
selected strains of Salmonella Enteritidis, Escherichia coli, Listeria monocytogenes and
Pseudomonas aeruginosa

MATERIAL AND METHODS
Essential oils
The commercial available essential oils of eucalyptus, rosemary, mint, clove, thyme, tea tree,
cinnamon and klamath weed were used.
Test microorganisms
Salmonella enterica serovar Enteritidis WDCMA 00030, Escherichia coli WDCMA 00090,
Listeria monocytogenes WDCMA 00020 and Pseudomonas aeruginosa WDCM00024
(BCCM ™ / LMG BACTERIA COLLECTION, Belgium) were used in this study as test
microorganisms
Antimicrobial assay
The cylinder plate methods was used to determine the antimicrobial activity of tested
essential oils. Bacterial strains were cultured overnight at 37 °C in nutritive broth Muller
Hinton agar (Laboratorios CONDA S.A. Spain) was inoculated with 0.1ml of the bacterial
suspensions(105cfu/ml), separately. Vertical cylinders with a 9 mm diameters were placed on
the surface of the inoculated agar. Finally 100 μl of pure essential oils were added in to the
cylinders, whereas 96% ethanol (100 μl) was used as a control. Plates were incubated at 37
°C for 18-24 h. After the incubation, the plates were examined for inhibition zones. The
inhibition zones were then measured using calipers and recorded. All tests were performed
in triplicate.
Antibiogram was done by disc diffusion method using antibiogram tablets (Bioanalyse) of
gentamicin, ciprofloxacin, cefotaxime, ofloxacin, and chloramphenicol. Antibiogram tablets
were placed on the surface of the inoculated Mueller Hinton agar (105 cfu/ml). After
incubation (37 °C, 18-24 h) the plates were examined and the diameters of the inhibition
zones were measured. All tests were performed in triplicate.
In order to determine bactericidal or bacteriostatic action of tested essential oils the samples
from the zones around the cylinders were subcultured to saline solution using inoculation
loop and incubated at 37 °C for 18-24. Absence of growth after incubation indicates
bactericidal activity. Otherwise, the essential oil has bacteriostatic effect.

Figure 1,2,3 Preparing and reading

RESULTS AND DISCUSSION
All examined essential oils possessed different antimicrobial activity against tested bacterial
strains except the essential oil of lily, that was not active against E. coli and L.
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monocytogenes, as well as thyme oil, that did not show inhibitory effect on S. Enteritidis
(Table 1).
Essential oils of cinnamon and klamath weed showed stronger antimicrobial activity against
tested strains compared to other examined essential oils (Table 1), especially toward P.
aeruginosa, a spacies of considerable medical importance (Stroh, 2001; Hubner, 2003,
Mattace, 2002, Ishiguro et al., 1986. & 1987.).
Table 1. The effect of essential oils on the tested bacterial strains*
Essential oil
The zone of inhibition (mm)
S. Enteritidis
E.coli
P.aeruginosa
Eucalyptus
20.00
13.66
10.00
Rosemary
26.66
20.33
10.66
Mint
26.00
22.66
6.66
Clove
25.00
24.66
8.33
Thyme
0.00
26.66
8.33
Tea tree
8.66
7.33
6.66
Cinnamon
36.66
39.66
33.33
Klamath weed
38.33
40.00
27.66
Lily oil
8.00
0.00
11.66

L.monocytogenes
6.66
5.33
19.33
23.33
21.00
9.00
35.00
32.60
0.00

*Each value is the mean of three independent experiments

The antimicrobial potential of examined antimicrobial drugs toward selected bacterial strains
is summarized in table 2. All tested antimicrobial drugs showed certain antimicrobial activity
on the examined bacterial strains. Cefotaxime and chloramphenicol exhibited the lowest
antimicrobial potential against P. aeruginosa. On the other hand, ciprofloxacin was the most
effective among the tested antimicrobial drugs.
Table 2. The effect of different antimicrobial drugs on the tested bacterial strains*
The zone of inhibition in mm
Antimicrobial
drug
S. Enteritidis
E. coli
P. aeruginosa
Gentamicin
Ciprofloxacin
Cefotaxime
Ofloxacin
Chloramphenicol

26.00
32.66
28.00
28.00
29.33

24.66
36.66
28.66
31.00
30.66

23.33
31.66
12.33
21.00
16.00

L.
monocitogenes
25.00
29.33
20.33
23.00
30.66

* Each value is the mean of three independent experiments

The essential oils of cinnamon and klamath weed had stronger or the same inhibitory effect
on all tested bacteria as ciprofloxacin had (Fig. 4).
The essential oil of mint had bactericidal effect on P..aeruginosa, S. Enteritidis, and L.
monocytogenes, while the essential oils of rosemary and tea tree had the same effect only
on the growth of E. coli. Bactericidal effect on inhibiting the growth of E. coli, P. aeruginosa
and L. monocytogenes had the essential oil of thyme, while the essential oil of eucalyptus
affected S. Enteritidis and E. coli. (Fig.4)
Oils of eucalyptus and rosemary had bacteriostatic effect on the growth inhibition of P.
aeruginosa and L. monocytogenes. The tea tree had bacteriostatic effect on the growth
inhibition of S. Enteritidis, P. aeruginosa and L. monocytogenes, while peppermint essential
oil had the effect on E. coli.
The essential oil of lily had bacteriostatic effect on the growth of S. Enteritidis and P.
aeruginosa (Fig.4).
The results of our study are in accordance with the results obtained by other authors.
According to them cinnamon and klamath weed have strong antimicrobial potential (Stroh et
al., 2001; Shani et al., 2011; Zhang et al., 2009; Gutierrez, 2009; Skrinjar et al., 2009). Also,
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the obtained results related to the inhibitory potential of essential oils of mint, cloves,
rosemary and thymol correspond with the results of other research studies (Kalaba, 2014,
Cancarevic et al., 2013, Smit- Palmer et al., 1998).

4
3,5
3
2,5
2
1,5
1
0,5
0

Bactericidal effect
Bacteriostatic effect

Figure 4. Antimicrobial effects of the tested essential oils on the growth of S. Enteritidis, E. coli, P.
aeruginosa and L. monocytogenes

The observed relatively low antimicrobial effect of essential oils of eucalyptus, peppermint,
rosemary, thyme, clove, tea tree, and the lily can be attributed to different diffusion of
antimicrobial agents through the agar.
Beside that the inhibitory effect of essential oils depends on the type of a plant , chemical
composition, concentration of essential oils, and susceptibility of tested microorganisms The
antimicrobial properties of the majority of the essential oils are based on phenolic
compounds that are mainly represented with the highest percentage of the total oil
(Cosentino et al., 1999).
The variety and complexity of the natural combination of polyphenols in different plants make
it difficult to characterize each component, to evaluate or to compare their antimicrobial and
other activities. Different plants possess various antimicrobial capacities (Tajkarimi et al.,
2010; Nikolic et al., 2013; Cavanagh and Wilkinson, 2005). Paster et al. (1995) reported that.
Components which are presented in small amounts could also play an important role in the
overall antimicrobial activity due to possible synergistic effect with other components (Paster
et al., 1995).
The results of this study suggest the potential use of essential oils of klamath weed and
cinnamon in treatment of infections caused by P. aeruginosa, S. Enteritidis and L.
monocytogenes. These foodborne pathogens can cause different types of infections
including enteritis, urinary tract infections and diarrhea (Guo et al., 2011; Pires et al., 2009;
CDC 2011; Bulajić et al., 2011; Cid et al., 1996; Kalaba et al., 2014.).

CONCLUSION
The obtained results clearly indicate significant antimicrobial activity of tested essential oils.
However the difference in antimicrobial activity of essential oils was observed depending on
the pathogen, the type of plant and concentration of essential oils. Essential oils of cinnamon
and klamath weed have shown the best inhibitory effect, while the tea tree and lily essential
oils have shown the lowest antimicrobial activity.
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Among the tested essential oils cinnamon, klamath weed, cloves and thyme, showed strong
bactericidal effect, while the essential oils of eucalyptus, rosemary, mint and tea tree showed
bacteriostatic effect.
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ABSTRACT
There is a growing interest in determining the contribution of bioactive components from cereals and
pseudocereals to health benefits. Betaine is an important metabolite that positively affects many
physiological processes in the human body as an osmolyte and methyl donor (transmethylation).
Cereals and pseudocereals significantly contribute to dietary intake of betaine. Among them wheat is
the main dietary source, since the other sources such as spinach, beets and shellfish are consumed in
lower quantities in the human nutrition. Betaine levels were measured by using a HPLC system
(Agilent Technologies Inc., USA) equipped with a Kinetex®HILIC (Phenomenex, Germany) column
(2.6µm, 100 x 2.1 mm) and ELSD detector. Significantly higher amount of betaine was obtained in
spelt wheat grain (100.27± 2.99 mg/100g) and spelt wholegrain (136.9± 10.3 mg/100g) in comparison
to common wheat. In the analyzed samples of rice and corn, betaine was not detected. Lower betaine
content was obtained in pseudocereals such as millet (28.13 ± 0.57 mg/100g) and buckwheat (10.8 ±
1.33 mg/100g) compared to cereals. Among the examined pseudocereals, amaranth was found to be
the most abundant source of betaine (106.04±23.3 mg/100g).
Keywords: betaine, HPLC, cereals, pseudocereals

INTRODUCTION
Betaine is an important source of methyl groups required for the formation of methionine and
S-adenosylmethionine (SAM). Inadequate dietary intake of methyl groups causes
hypomethylation in many metabolic pathways which leads to different diseases such as
coronary, cerebral, hepatic and vascular (Zwart et al., 2003; Ross et al.,2014, Craig, 2004;
Schwahn et al., 2002). Betaine is also an organic osmolyte and this physiologic function acts
as a protection of cells under stress. Betaine can reduce the elevated serum homocysteine
concentrations associated with mild or severe hyperhomocystinuria via the methionine cycle
and may play a role in epigenetics and athletic performance (Schwahn et al., 2003; Craig,
2004). Betaine is present in foods in variable amounts that are generally related to growing
and osmotic stress conditions (Bruce et al., 2010). Among commonly consumed foods, high
betaine foods (>150 g/g) are rather limited and mainly include wheat bran and germ, spinach,
beet, bread and other baked products, and shrimps (Craig, 2004). Ross et al. (2014) and de
Zwart et al. (2003) implicated cereal foods as the major sources of betaine in the Western
diet. Cereals with betaine accumulation are wheat, barley and rye, while rice, millet and
sorghum are cereals with little or no accumulation of betaine (Kishitani et al., 1994). Study
conducted by Waggle et al., 1967 showed that betaine is a compound present in the whole
wheat which levels vary depending on wheat variety. In addition, this study determined that
this compound is particularly present in the germ and bran (Likes et al., 2007). The USDA
database shows that the betaine content of cereal-based foods varies from less than 10 mg
to more than 1500 mg per 100 g food. The range for wheat-based foods is similar, however
corn, rice and oat products appear to be much lower in betaine content (Likes et al., 2007).
Among the commonly consumed foods, reﬁned and whole grain wheat are the best sources
of betaine and whole grain wheat contains 4–5 times the amount of betaine found in reﬁned
wheat; 239 vs. 1086 µg/g (Bruce, et al., 2010). Betaine quantification methods are using
mostly derivatization procedures and the commercial derivatizing reagent (2-naphthacyl
triﬂuoromethane-sulfonate or 2-bromo-2 ′ -acetonaphthone) (Hefni et al., 2016; Zwart et al.,
2003). Betaine as small a zwitterionic quaternary ammonium compound is inappropriate for
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analysis by the conventional reversed-phase high performance liquid chromatography with
UV (RP-HPLC-UV) (Buszewski et al., 2012). An alternative to reversed-phase
chromatography (RP-LC) is hydrophilic interaction liquid chromatography (HILIC) which can
use large amounts of organic solvent as the mobile phase and therefore is good for
separation of betaine. Considering all above mentioned aspects the aim of this study was to
analyse betaine content in a variety of cereals and pseudocereals with an emphasis on
wheat and wheat products by using hydrophilic interaction liquid chromatography.
Materials and Reagents
Majority of the food samples have been obtained from the local market and food stores in
Novi Sad (Serbia). Wheat grain (Triticum aestivum), all durum wheat (T. durum), triticale
(Triticosecale), barley (Hordeum vulgare), and rye (Secale cereale) samples were obtained
from the collection of samples of the Laboratory of the Institute of Food Technology.
Amaranth grain and related samples were provided from the local producer. Dry matter (DM)
of samples was determined by drying samples in the oven at 105 °C overnight until the
constant mass, cooling in a desiccator, and then weighing them. All DM analysis were
carried out in duplicate.
Chromatographic Conditions
Betaine analysis was performed using a HPLC system (Agilent Technologies Inc., USA)
equipped with a Kinetex®HILIC (Phenomenex, Germany) column (2.6µm, 100 x 2.1 mm) and
ELSD detector. Separation was performed at a flow-rate 0.5 ml/min with acetonitrile and 10
mM acetate buffer as a mobile phase, at pH 3.7. Separation was performed by a following
gradient regime: 90% acetonitrile for 3 min, decrease to 60% acetonitrile during 15 min
maintaining this proportion for 6 min and then final increase to 90% acetonitrile. Total
runtime was 30 min. Injection volume was 5 µL with autosampler injection mode. Injector was
at room temperature. Detector parameters were as follows: evaporator temperature 40 °C;
nebulizer temperature 55 °C; gas flow rate 1.60 SLM, PMT gain 3.0.
Sample Solutions and Preparation of Standard Solutions
Two grams of ground and homogenized sample was weighted and suspended in 25 mL
methanol and vortexed for 10 min. After a 30-min ultrasonic extraction in an ultrasonic bath
(ATU Ultra-sonidos, Spain), the sample was vigorously shaken and centrifuged for 10 min at
5000 r/min (Eppendorf Centrifuge 5804R, Eppendorf, Germany?). Three mL of upper
methanol layer was removed and evaporated to dryness. Afterwards the residue was
reconstituted in 2 mL of water and filtered through a membrane filter (regenerated cellulose,
pore size 0.22 µm, diameter 25 mm, Agilent Technologies, USA)

RESULTS AND DISCUSSION
In this study, betaine in 18 samples of cereals and pseudocereals was identified and
quantified (Table 1). The highest content of betaine is found in spelt wheat (T.aestivum spp.
spelta) grain in cereals and in amaranth (Amarantus cruentus) flour in pseudocereals.
Reﬁned wheat was the main source of betaine intake in the New Zealand diet (Slow et al.,
2005), and a main source in several studies of betaine intake in the US diet. Whole grain
wheat ﬂour and whole grain wheat products in general have 2–4 times higher betaine content
than equivalent reﬁned grain product. This may be due to variation of the ﬁeld conditions,
which are highly dependent on environmental factors (Corol et al., 2012), or due to
differences in losses of the bran fraction during milling/food processing. It has been
established that climate conditions and stress level of the crop influence betaine content in
grains (Slow et al., 2005), thus drought conditions can lead to higher betaine levels in grains.
In our study we have found in the wholegrain products some-what higher betaine levels, but
lower than expected. We determined that spelt wheat grain and wholegrain spelt flour have
more betaine than common wheat flour (184.8 mg/100g DM and 136.9 mg/100g DM, and
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59.3, respectively). Spelt wheat grain seems to be a richer source of betaine in comparison
to common wheat as well as amaranth grain among gluten-free grains. Ross et al. (2014)
found similar betaine content in amaranth grain as we found in our study. Among gluten-free
grains, the highest level of betaine was found in the amaranth grain, much higher than in
millet and buckwheat. High betaine content was found in other cereals such as barley and
rye, all in comparison to common wheat. Ross et al. (2014) and Bruce et al. (2010) noticed
that gluten-free products often have low levels of betaine. They noted less than 150 µg/g of
betaine in most of the commercially available gluten-free products. In our samples content of
betaine in maize and rice was below limit of detection.
Table 1. Betaine content in cereals and pseudocereals
Samples
Wheat (T.aestivum) grain
Wheat (T.aestivum) refined flour
Wheat (T.aestivum) wholegrain flour
Spelt wheat (T.aestivum spp. spelta)
grain
Spelt wheat (T.aestivum spp. spelta)
wholegrain flour
Spelt wheat (T.aestivum spp. spelta)
refined flour
Barley (Hordeum vulgare) pearled
Barley (Hordeum vulgare) wholegrain
flour
Barley (Hordeum vulgare)flour from
hulless var.
Rye (Secale cereale) grain
Rye (Secale cereale) wholegrain flour
Oats (Avena sativa) grain
Maize (Zea mays) grain
Rice (Oryza sativa) grain
Amaranth (Amarantus cruentus)
expanded grain
Amaranth (Amarantus cruentus) flour
Proso millet (Panicum miliaceum) grain,
dehulled
Buckwheat (Fagopyrum esculentum)
wholegrain flour

Betaine content (mg/100g)
53.2±6
59.3±72
54±0.3
184.8±97.7
136.9±10.3
55.2±3.7
42.4±2.5
89.9±17.4
57.4±2.1
44.3±15.2
118.2±5.6
54.2±14.2
n.d.
n.d.
66.9±2.8
106.0±23.3
28.1±2.1
10.8±0.7

CONCLUSIONS
The results from this study confirmed the previous findings that wheat and wheat-based
products are good sources of betaine. Intake of betaine will be significantly lower if diets
contain foods made predominantly with refined wheat rather than whole wheat. Spelt wheat
is a richer source of betaine than common wheat. However, those who avoid gluten may be
in increased risk to have a very low betaine intake. An excellent non-glutenous pseudocereal
source of betaine is amaranth.
The results also showed that betaine content in grains is variable, depending on source
which may be associated to varietal differences and environmental factors. These results
suggest that it would be advisable to include amaranth, millet and buckwheat into gluten free
product formulations in order to improve the diet of those who follow gluten-free or vegan
diet.
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ABSTRACT
Air drying kinetics of fresh and osmotically pretreated apricots tissue was analyzed. Osmotic
o
o
treatments were applied for 3 hours in 50 and 65 Brix sucrose solutions at 40 and 60 C with constant
o
solution flow. Air drying was carried out at 40, 60 C, 1 and 1,5 m/s air rate. Drying curves were
modelled through a Fickain equation for sphere, obtaining the effective diffusion coefficient (D e) in
each case. This coefficient was markedly affected by the temperature of air, air rate and by the
12
10
2
osmotic pretreatment, ranging between 1,231 x 10- to 4,101 x 10- m /s. A significant relationship
between the De, and the inverse of the initial solute content of the samples was found. Total drying
time increased in osmodehydrated samples.
Keywords: air drying, osmotic pretreatment, water effective diffusion, apricot tissue

INTRODUCTION
Fresh apricot processing in Serbia is restricted to the following productions: alcoholic drinks,
soft drinks, stewed fruit, fruit yoghurt and jelly products. Production of dried apricot is
negligible. Dried apricot dried in Serbia can be found only in some health food stores. The
quality indicators (color, shape, texture, flavor and fragrance) of the fruit dried in classical
way are unfavorable. The main disadvantage is application of inadequate drying technology.
As we know, in traditional drying methods serious decreases of nutritive and sensorial values
are possible, damaging mainly the flavor, color, and nutrients of the product (Chirife and
Favetto, 1992; Torreggiani and Bertolo, 2001; Riva et al., 2005, Aral and Bese, 2016). Due
the amount of fresh apricot production in Serbia it is interesting to find better ways for drying
apricots. One of those methods is to pre-dry the apricots, before applying warm air or other
drying methods, using osmotic dehydration method. A combined process, consisting of
osmotic dehydration, followed by air dehydration has been proposed to obtain dry apricots
ingredients (Ispir et al., 2009).
A lot of research was carried out on the effects of osmotic dehydration, applied as a pretreatment of convective drying, on physical, mechanical, chemical and sensor properties of
dried fruit flesh. Only a few articles on drying characteristics of apricot in form of halves with
osmotic dehydration pretreatment can be found in the literature (Bon et al., 2007).
The aim of this research is to analyze the influence of osmotic dehydration factors on kinetics
of convective drying of apricot halves in a thin layer. Three-factor experiment of convective
drying was performed. The factors of convective drying were as follows: type of pretreatment, drying air temperature, and velocity of drying air.

MATERIAL AND METHODS
The material used in the experimental part of the research was fresh apricot were taken from
orchards in the Province of Vojvodina, around the town of Bečej, Serbia. Until the processing
time, the fruit was stored in cold air chamber at the temperature 4 oC and relative air humidity
75%. The stage of fruit ripeness was the beginning of technological ripeness with the value
pH = 3.03. The average values of the main physical properties of fresh fruits measured on a
random sample of 20 fruits were: moisture content on wet basis 88.14% ±0.49%, whole fruit
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mass 60.56 g (±17.66 g), dimensions length 50,90 mm (± 6.27 mm), width 49.05 mm (± 5.52
mm) and thickness 44.36 mm (± 4.34 mm).
Preparation of fresh fruit consisted of washing, cutting fruits into halves (1/2 of whole fruit)
and removing pits. Prevention from flesh discolouration was carried out by dry procedure of
sulphuring, by burning 2 g of technical sulphur powder per 1 kg of prepared halves. The
exposure time of slices to sulphur-dioxide in sulphuring chamber was 4 h. After completion of
sulphuring, sulphured halves were used in the experiment.
Convective drying experiment was performed as a three-factor experiment. The factors were
the following: type of pre-treatment, drying air temperature and velocity of drying air in front
of the layers of material. Three different preparations of sulphured halves for convective
drying, i.e. pre-treatments, were performed (Table 1). After completion of the selected pretreatment, the samples were placed in experimental convective tunnel dryer with trays “IVA –
2” (Pavkov et al., 2009, 2010, 2012). Air temperature for convective drying varied at two
levels: 40oC and 60oC. Air velocity in front of the layer of material varied at two levels: 1 m/s
and 1.5 m/s. Duration of convective drying was 24 hours.
Table 1. Pre-treatments
No.

Type of pre-treatment
o

1

2
3

o

Osmotic dehydration (tr = 40 C, cr = 5 Bx,
water, weight ratio of solution and slices 8:1,
type)
o
o
Osmotic dehydration (tr = 60 C, cr = 65 Bx,
water, weight ratio of solution and slices 8:1,
type)
Without osmotic dehydration

= 3 h, solute – sucrose , solvent – distilled
experimental osmotic dryer of semi-industrial
= 3 h, solute – sucrose , solvent – distilled
experimental osmotic dryer of semi-industrial

During the experiment, measurements of important parameters for the kinetics of convective
drying were performed. By measuring changes in the mass of samples during convective
drying the basic data on drying kinetics were collected. Moisture content of apricot halves
were measured by thermogravimetric method, by performing drying at 105 oC for 24 hours.
The effective moisture diffusivity (De), which is generally accepted to be an important kinetics
parameter, describes the transport of moisture from the material to the surrounding in the
falling rate period and can be defined by Fick’s second law for a sphere (Bon et al., 2007).
For the solution of Fick’s equatin is assumed uniform initial moisture distribution, negligible
external resistance, constant diffusivity, constant temperature and negligible shrinkage.
Solutions of equation for long drying periods becomes:
or

(1)

where Mt, M0 and me are moisture content at any time (kg water per kg dry matter) initial
moisture content (kg water per kg dry matter) and equilibrium moisture content (0 kg water
per kg dry matter) respectively, t drying time (s), r – radius of sphere (m).
The drying rate was calculated using:
(2)
where Mt+ t, Mt and t are moisture content at t + t (kg water per kg dry matter), moisture
content at t (kg water per kg dry matter) and time t (h), respectively. Drying behavior was
determined using a graph of drying rate vs time.

RESULTS AND DISCUSSION
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Figures 1a and 2a shows the drying curves which represent the variation of moisture content
with drying time for apricot halves at air temperatures 40 oC and 60 oC, pre-treatments 1, 2
and 3 and air velocity 1 m/s and 1.5 m/s. As seen in figure (1a; 2a) the reduction of the
moisture content is a non-linear process. By comparing the curves in terms of the pretreatment used, it is evident that the greatest reduction of the moisture content after 24 hours
of drying is detected for the samples dried without the pre-treatment, then the samples dried
with the pre-treatment 1 (cr = 50oBx, tr = 40 oC), while the least reduction is detected with pretreatment 2 (cr = 65oBx, tr = 60 oC). At the drying air temperature of 60 oC, the differences in
the final moisture content are more prominent among all the three pre-treatments. At the
lower drying air temperature of 40oC, the differences in the final moisture content are less
prominent, especially between the applied pre-treatments 1 and 2. By comparing the curves
in terms of drying air temperature within the same pre-treatement, it is evident that the
greatest reduction of the moisture content after 24 hours of drying is detected with the
samples dried at higher air temperatures. The greatest moisture content reduction after 24
hours of drying was observed with the samples dried without any previous pre-treatment at
the temperature of 60 oC and air velocity in front of the layer 1.5 m/s.

a)

b)
o

Figure 1 Drying curves (a) and drying rate (b) for air temperature 40 C, drying air velocity in front of
the layer of material 1.0 m/s and 1.5 m/s and pretreatments 1, 2 and 3

a)

b)
o

Figure 2. Drying curves (a) and drying rate (b) for air temperature 60 C, drying air velocity in front of
the layer of material 1.0 m/s and 1.5 m/s and pretreatments 1, 2 and 3

Figures 1b and 2b present drying rate during convective drying for air temperatures 40 oC
and 60 oC, pre-treatments 1, 2 and 3, and air 1.0 m/s and 1.5 m/s. Analysis of the kinetic
curves of drying rate shows that there are two prominent drying periods with all the
combinations of factors. The first period is characterized by increasing drying rate and
reaching the maximal rate of evaporation of water molecules from the material. This period
lasts during the first 60 minutes of the process. Reaching the maximal rate of evaporation of
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water molecules in this period occurs as a result of increased concentration of the capillary
surface-bound moisture, which mainly evaporates on the surface of the material, there is no
dry zone of the material. By evaporation of the surface-bound moisture, the drying rate
decreases and enters the second period. In this period the drying rate gradually decreases
due to receding of evaporation front inside the material, so a dry layer starts forming. After
removing physically and mechanically bound moisture there is a phase change of various
forms of physically and chemically bound moisture.
By comparing the curves of the mean drying rate from the first period of drying, in terms of
the pre-treatment used, it can be observed that the greatest drying rate in the first period of
drying is achieved by the samples dried without any pre-treatment, followed by the samples
with the pre-treatment 1 (cr = 50oBx, tr = 40 oC), while the lowest drying rate is determined
with the pre-treatment 2 (cr = 65oBx, tr = 60 oC). This tendency is due to different initial
moisture content of apricot, where the samples dried without a pre-treatment are the
moistest, followed by the samples dried with the pre-treatment 1 and pre-treatment 2. Higher
level of moisture content of apricot halves results in higher content of surface-bound moisture
and capillary-bound moisture with the moister samples.
The mean drying rates for different combinations of factors observed at the same point of
time, as presented on diagrams (Fig. 1b and 2b), are not mutually comparable due to
different moisture content of apricot halves at the observed point in time. However, analysing
the calculated values of drying rates with the same mean moisture content, the highest
values of mean drying rate is achieved with the samples dried without any pre-treatment,
followed by the samples dried with the pre-treatment 1 and pre-treatment 2. The impact of
the selected drying air temperature levels on the kinetics is evident on the presented figures.
Effective moisture diffusion coefficients (De) were calculated using Eq. (1) and results are
given in table 1. The results show that De value increased greatly with increasing drying air
temperature. The higher air velocities slow increasing De values in range of studied
conditions. The values of De obtained from this study are within the general range of the
reported diffusivities for fruits and vegetables (Perez and Schamalko, 2009; Kingsly et al.,
2007; Guine and Castro, 2002; 2003, Kil et al., 2002a, 2002b, Akpinar, et al., 2004).
Table 2. The effective moisture diffusion coefficients for apricot (De)
o

Air Temperature ( C)

Air velocity (m/s)

2

Pre-treatment

De (m /s)

1
2
3
1
2
3
1
2
3
1
2
3

1,752 x 10
-12
1,231 x 10
-10
2,976 x 10
-12
1,818 x 10
-12
1,275 x 10
-10
3,080 x 10
-11
1,823 x 10
-11
1,78 x 10
-10
4,055 x 10
-11
2,477 x 10
-11
2,052 x 10
-10
4,101 x 10

1
40
1,5

1
60
1,5

-12

R

2

0,981
0,984
0,990
0,986
0,917
0,976
0,939
0,909
0,981
0,984
0,992
0,987

Pretreatment 2 and 1 decreases De values, respectively, caused by the transition of the
sucrose from the solution into the material (increase of the dry matter) during osmotic drying.
Higher osmotic solution temperatures and osmotic solution concentration cause more
intense transition of solute into the apricot flesh, i.e. increase of dry matter (Pavkov et al.,
2009; Guine, 2006). The samples prepared with the pre-treatment 2 (cr = 65oBx, tr = 60 oC)
have a higher mass ratio of solute in slices flesh compared with the samples prepared with
the pre-treatment 1 (cr = 50oBx, tr = 40oC). The solute which was transferred into the flesh of
the material in contact with moisture and dry matter of apricot flesh make different forms of
adsorption-bound moisture. This impedes the phase change of the moisture, that is,
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increases the overall heat required for water phase change. Newly-formed bonds cause the
increase of the values of equilibrium moisture content of the materials treated with osmosis,
i.e. faster achieving of the equilibrium moisture content. Regarding the total drying time for
obtaining the final product, the faster achieving of the equilibrium moisture content of the
material eliminates the seemingly negative influence of osmotic pre-treatment on kinetics of
convective drying on apricot halves.

CONCLUSION
The effect of temperature and pretreatments on thin-layer drying of apricot halves in a tunel
dryer was investigated. Increase in drying air temperature decreasing the drying time.
Pretreated apricot halves with pre-treatment 2 and 1 have longer drying time than apricot
halves pretreated with pretreatment 3. The moisture diffusivity of osmotic pre-treated apricot
halves was lower than the untreated samples. By applying osmotic dehydration as a pretreatment, the rate of convective drying decreases due to forming of adsorption bonds of
moisture, solute, and dry matter in apricot flesh.
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Sugar beet molasses is a raw material with high potential to be a functional ingredient in food due to
high content of various bioactive compounds and macro/microelements as well as high antioxidantive
potential. Previous studies showed that beet molasses can be successfully incorporated to a variety of
food products such as bakery, confectionary, meat and fish products. This paper investigated the
composition of sugar product (sugar cubes) enriched with sugar beet molasses. The enriched sugar
cubes were compared to classical sugar cubes made from rafined and unrefined sugar. The
investigation included the determination of basic quality parameters, mineral composition, betaine
content and safety parameters (heavy elements). The results showed that the addition of molasses to
sugar cubes at 10% level increased the content of macro and microelements and substantially
increased the content of betaine in comparison to sugar cubes made from refined and unrefined
sugar. The safety of the product was not compromised by the addition of molasses.
Key words: sugar beet molasses, sugar products, quality

INTRODUCTION
Sugar cube is a popular sugar product used to sweeten drinks (coffee, tea, etc.). It is a form
of sugar produced from granulated sugar lightly steamed and pressed together in block
shape. Commercially available sugar cubes are mainly made from refined sugar, although in
recent times, sugar cubes from brown sugar are also available on market. Brown sugar is a
special type of granulated sugar which either contains residual molasses or a syrup layer left
around the sugar crystals giving a special color and flavor. Several types of brown sugar
exist: light, medium and dark (Clarke, 1995).
Molasses is the last syrup, produced during multistage crystallization of thick juice during
sugar extraction from beet, from which it is no longer possible to get the sucrose by usual
procedures of crystallization in economically justified manner (Kukić, 1995; Van dr Poel et al.
1998). Molasses is dark, viscous, and concentrated syrup which does not have uniform,
constant chemical composition. It mainly consists of 50% sucrose, 20% water and 30% nonsugar substances such as nitrogen compounds, minerals (K, Na, Ca, Mg), vitamins and
various macromolecules (starch, cellulose, hemicellulose, lignine, pectin) (Togrul and Arslan,
2004). It contains a range of important bioactive compounds such as the B group vitamins,
betaine, choline, alantoine, purine, cytosine, guanosine, cytidine, lactic acid, amino acids,
phenolic compounds etc. (Higginbotham and McCarthy; 1998, Filipčev et al. 2016). Beet
molasses is remarkable source of betaine. Betaine is an important nutrient which has an
ability to reduce plasma homocysteine levels and thus reduce the risk from numerous
civilization diseases such as stroke, cardiovascular disorders, dementia and neural
disorders, etc. (Craig, 2004). Furthermore, molasses has a significant antioxidative potential;
Chen et al. (2015) reported that molasses can be used as a raw material for production of
antioxidant-rich extracts on industrial scale.
Since molasses is a concentrated form of many naturally occurring, healthful compounds, it
may be viewed as a useful, value-adding ingredient capable to enhance the nutritional quality
of food. This work was designed to compare the effect of molasses addition (10%) on
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proximal composition of sugar cubes from refined sugar relative to compositions of sugar
cubes made from refined and brown sugar.

MATERIAL AND METHODS
The investigations were conducted with samples of sugar cubes produced from beet sugar in
domestic sugar factory. Basic quality parameters of sugar cubes, content of minerals and
heavy elements were determined according to methods described in Handbooks for the
laboratory control of sugar processing (Milić et al., 1992). The methods are harmonised with
the regulations guided by the International Commission for Uniform Methods of Sugar
Analysis (ICUMSA, 2003).
Betaine determination
Betaine analysis was performed using a HPLC system Agilent (Agilent Technologies
Inc.,USA) equipped with a Kine-tex®HILIC (Phenomenex, Germany) column (2.6µm, 100 x
2.1 mm) and ELSD detector. Separation was performed at a flow-rate 0.5 ml/min with a
mobile phase of acetonitrile and 10 mM acetate buffer at pH 3.7 following isocratic regime:
72% and 28%. Total runtime was 30 min. Injection volume was 5 µL with autosampler
injection mode. Injector was at room temperature. Detector parameters were as follows:
evaporator temperature 40 °C; nebulizer temperature 55 °C; gas flow rate 1.60 SLM, PMT
gain 3.0.
Sample Solutions and Preparation of Standard Solutions
Two grams of ground and homogenized sample was weighted and suspended in 25 mL
methanol and then it was vortexed for 10 min. After a 30-min ultrasonic extraction in an
ultrasonic bath (ATU Ultra-sonidos, Spain), the sample was vigorously shaken and
centrifuged for 10 min at 5000 r/min (Eppendorf Centrifuge 5804R). Three mL of upper
methanol layer was removed and evaporated to dryness. Then the residue was reconstituted
in 2 mL of water and filtered through a membrane filter (regenerated cellulose, pore size 0.22
µm, diameter 25 mm, Agilent Technologies, USA.
Statistical analysis
The obtained data were processed using statistical software Statistica 12 (StatSoft, Inc,
Tulsa, OK). One-way ANOVA procedure was used. All analyses were done in duplicate.

RESULTS AND DISCUSSION
All presented results of analyzed parameters are average values from 15 samples.
Table 1 presents the basic quality parameters of analyzed sugar cubes.
Table 1. Basic quality parameters
Parameter (%)
Sugar cubes
Polarisation

Ash

Reducing matters

From refined sugar

99.93

b

0.010

a

0.007

From brown sugar
Refined sugar enriched
with 10% molasses

97.48

a

0.199

b

0.213

97.51

a

0.279

c

0.134

Moisture

a

0.01

a

c

0.77

b

0.42

c
b

a,b,c Means followed by different letters are significantly different (p<0.05)

The sugar cubes from refined sugar showed basic quality parameters in accordance to
regulations. The changes in the basic quality of cubes made from brown sugar or addition of
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molasses were expected, considering the properties of brown sugar and molasses. The
highest ash content in the sugar cubes enriched with 10% molasses is due to high mineral
content in molasses. More details on the mineral composition are presented below.
Table 2 represents the content of macroelements in the analyzed samples.
Table 2. Content of macroelements
Elements (mg/kg)
Sugar cubes
K
From refined sugar
From brown sugar
Refined sugar enriched
with 10% molasses

Na
a

34.7
c
1403
1132

b

Ca
a

2.8
b
597.3
1323

c

Mg
a

a

20.4
b
59.7
753.9

0.99
b
26.7
c

c

38.1

a,b,c Means followed by different letters are significantly different (p<0.05)

Macroelement content was significantly increased in sugar cubes made from brown sugar
and molasses-enriched cubes. Brown sugar contributed to the highest elevation in K
whereas 10% molasses addition contributed to the highest Na, Ca and Mg content.
Regarding the content of microelements, enrichment with molasses provided sugar cubes
with the highest content of iron. Sugar cubes from brown sugar were significantly the highest
in zinc content (Table 3).
Table 3. Content of essential microelements
Elements (mg/kg)
Sugar cubes
Fe
From refined sugar
From brown sugar
Refined sugar enriched
with 10% molasses

Mn
a

0.65
b
6.68
20.15

< 0.25
b
1.01
c

1.55

a

b

Cu

Zn

<1
<1

0.29
c
9.43

<1

1.55

a

b

a,b,c Means followed by different letters are significantly different (p<0.05)

Non of the analyzed samples contained elevated contents of harmful heavy elements (Table
4) which confirms that molasses is a safe ingredient regarding these parameters.
Table 4. Content of heavy elements
Elements (mg/kg)
Sugar cubes
From refined sugar
From brown sugar
Refined sugar enriched
with 10% molasses

Pb

Cd

Hg

As

<1
<1

<1
<1

< 0.001
< 0.001

<1
<1

<1

<1

< 0.001

<1

Betaine content in the analyzed sugar cubes is displayed in Table 5. The highest content of
betaine was registered in sugar cubes enriched with 10% molasses. Brown sugar also
contributed to significantly higher betaine as compared to the refined sugar cubes.
Table 5. Content of betaine
From
sugar
a
Betaine (mg/100g)
n.d.

refined

From
sugar
b
145.47

brown

a,b,c Means followed by different letters are significantly different (p<0.05).
n.d. not detected
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CONCLUSIONS
Results showed that there was a significant difference in the chemical composition of sugar
cubes made from brown and refined sugar and those enriched with 10% molasses. As
expected, sugar cubes made from refined sugar were the lowest in the content of macro and
microelements as well as in betaine. Brown sugar and molasses contributed to significant
increase in these parameters but at different magnitude; molasses contributed to higher
content of betaine, Na, Ca and Fe whereas brown sugar contributed to more potassium and
zinc content. The samples did not contain elevated contents of heavy elements.
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ABSTRACT
Quality in general is the sum of different characteristics. In this work, factors of complex quality have
been examined. The factors, which determine the wheat quality, can be sorted into two groups: the
natural factors and the growing factors. The natural factor (rain fall, temperature, air) determines the
varieties and the growing technology. The growing factor (variety, seed corn, sowing-time, nutrients
etc.) determines the profit.
The wheat samples were harvested at two different periods, and they were grown using the same
agro technological treatments. Before the harvest we examined the kernel, in order to get the
information about the possible injury. After the harvest we examined the gluten characteristic, the
alveograph behavior. The effect of varieties was dominant, but there was a significant influence of the
weather conditions, because of the high amount of rain. Yield is an economic index and it is a
connection with the kernel hardness, the order of the varieties shows it. In this study we examined
these parameters, and the connection among these factors.
Keywords: wheat quality, gluten, alveograph

INTRODUCTION
In Hungary there is a one step harvest, so we have to determine the harvest time. This time
is, when there is a beginning of the whole ripening. In this time the biological value of the
wheat is good. In USA, GB, Canada, there are two step harvests. In the first step they
harvest the wheat in a wax ripening and after 3-5 day, when it is dried, they are threshing.
The advantages are the dried weeds and the good quality. But if it is raining the grain quality
and quantity get worse and it needs more work, because you have to go to the land twice
and it causes more cost.
We have to choose the right harvest time; it must be fitted with variety, because we get good
quality and quantity.
We need to plan the harvest, but the weather may change that. Some research examines the
harvest time and its effects to the wet gluten, the hectolitre and the baking parameters. The
hectolitre and the baking parameters got worst in the overripen phase.
The different consumption habits do require diverse quality, and thus the quality behavior
must be permanent (Veha, 2007). To maintain this permanency in biological system is far too
difficult, since different conditions, i.e. the agricultural land use, the weather, etc have all
significant role in variance of quality factors (Szabó 1986). Pollhamer (1981) sorted the
agricultural land in two groups. In the first group is the agro technical factors (sowing time,
artificial fertilizer, seed grain amount, etc.), in the second group is the effect of the land.

MATERIALS AND METHODS
Eleven different registered bread wheat varieties with diverse technological qualities were
used in this study. The samples were provided by the Cereal Research NPC, Szeged, in
Hungary, and included the following varieties: GK Garaboly, GK Békés, GK Kalász, GK
Verecke, GK Holló, GK Ati, GK Petur, GK Nap, GK Élet, GK Csongrád, GK Hattyú.
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The Hardness index was examined using Perten SKCS 4100 (Perten Instruments, Sprinfield,
Illinois, USA). It is one of the well know machines, which examine the kernel hardness.
Brabender ® Quadrumat ® Senior (Brabender GmbH & Co. KG, Duisburg, Germany)
laboratory mill was used to determine the milling properties and the flour yield of different
wheat varieties (Figure 1).

Figure 1: Brabender ® Quadrumat® Senior laboratory mill

Ash content refers to the mineral content of the flour. It depends on many factors, such as
the variety of wheat, the fertilization, the climate, etc. The gluten index (GI) was examined by
Glutomatic 2200 (Perten Instruments AB Huddinge, Sweden).
The farinograph determines dough and gluten properties of a flour sample by measuring the
resistance of dough against the mixing action of blades. Absorption is the amount of water
required to center the farinograph curve on the 500-Brabender unit line. In this study
Brabender ® farinograph (Brabender GmbH & Co. KG, Duisburg, Germany) was used. The
alveograph test was performed by Chopin Alveorgraph NG (CHOPIN Technologies,
Villeneuve-la-Garenne Cedex, France), according to the EU-Standards.
The alveograph determines the gluten strength of dough. It is measuring the force required to
blow and break a bubble of dough. The results include P Value, L Value, P/L Value and W
Value. Statistica 8.0 (StatSoft, Inc. Tulsa, USA) and Microsoft© Office 2003 Excel software
for Windows were used to perform statistical analyses. The wheat was tested for significance
using analysis of variance techniques (ANOVA). A level of significance of P < 0.05 is used
throughout the analysis.

RESULTS AND DISCUSSION
The crop land used in this study was: 6729 Szeged, Alsóváros’s black soil 39. The soil type
was loam font soil, the thickness of the topsoil was 30-35 cm, and there was P and K supply.
The fore crop was oil radish. The difference between the two harvest times, denoted as the
Bemutató 2 (Bem. 2.) and the Bemutató 3 (Bem. 3.), was 11 days. There was a lot of rain
between the two harvest times.
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The physical, physicochemical and baking characteristics of the 11 varieties used in this
research have been evaluated. Table 1 summarizes the Hardness Index and other
technological traits of the examined wheat samples.
Table 1: Selected technological parameters of the wheat varieties used in the study
Harvest
time

Variety

Flour
yield
(%)

Ash
content
(%/d.m.)

Gluten
index
(%)

Alveograph W
(x10-4 J)

Falling
SKCS
number (s)
HI

Bem.2.
Bem.2.
Bem.2.
Bem.2.
Bem.2.
Bem.2.
Bem.2.
Bem.2.
Bem.2.
Bem.2.
Bem.2.
Bem.3.
Bem.3.
Bem.3.
Bem.3.
Bem.3.
Bem.3.
Bem.3.
Bem.3.
Bem.3.
Bem.3.

GK ATI
GK BÉKÉS
GKCSONGRÁD
GK ÉLET
GKGARABOLY
GK HATTYÚ
GK HOLLÓ
GK KALÁSZ
GK NAP
GK PETUR
GK VERECKE
GK ATI
GK BÉKÉS
GKCSONGRÁD
GK ÉLET
GKGARABOLY
GK HATTYÚ
GK HOLLÓ
GK KALÁSZ
GK PETUR
GK VERECKE

72.19
73.37
70.55
75.41
69.06
67.32
63.33
66.89
70.91
76.43
75.89
75.86
74.28
68.60
74.19
69.74
67.56
68.73
77.29
75.24
76.89

0.68
0.71
0.68
0.56
0.52
0.49
0.52
0.62
0.51
0.52
0.53
0.66
0.72
0.63
0.54
0.53
0.48
0.61
0.74
0.59
0.56

83
84
76
93
65
80
74
91
71
98
98
56
73
68
92
61
67
60
93
95
96

385.9
443.4
258.3
378.1
234.0
194.2
241.5
453.1
254.3
256.1
311.8
272.0
401.5
240.7
359.6
222.8
194.1
188.3
415.1
284.8
265.1

361
442
394
433
348
320
396
406
352
381
417
372
437
432
449
322
338
409
453
394
450

67.68
71.57
49.54
75.29
46.58
78.68
32.56
62.41
49.15
70.21
44.29
62.4
63.27
41.39
68.69
71.99
25.32
58.21
42.15
66.95
47.16

The SKCS 4100 classifies the results into two groups. Under 50, the wheat samples belong
to Soft Wheat varieties, while the samples above 50 could be considered as Hard Wheat
varieties.
The obtained results were tested for significance using analysis of variance (ANOVA). A level
of significance of P < 0.05 is used throughout the analysis. The results are shown in Table 2.
Table 2. Results of ANOVA for different wheat quality parameters
Methods
Connection
Flour Yield (%)
N.S., ↑
Gluten Index (%)
N.S., ↓
Thousand kernel weight (g)
N.S., ↑
Falling Number (s)
N.S., ↑
Water Absorption Capacity (%)
N.S., ↓
Hardness Index
S., ↓
Alveograph, P (mm)
N.S., ↓
Alveograph, L (mm)
N.S., ↓
Alveograph, P/L
N.S., ↑
Alveograph, W (x10-4 J)
S., ↓
S.- Significant
N.S.- Non Significant

Comparing the quality parameters from different harvest time, an increase in flour yield and
thousand kernel weight was observed, while there was a decrease in gluten index and P, L
values in second harvest year. However, these changes were not significant.
The changes in Hardness Index were significant. The samples from different harvest time
had different Hardness Indexes. Different weather conditions existed at the different harvest
time. The amount of rain between harvest times was 24.8 mm, and this caused the decrease
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in Hardness Index (Figure 2). The other significant change was the value of W parameter of
alveograph (Figure 3).
aratási idő; LS Means
Current effect: F(1, 29)=61,221, p=,00000
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
61
60
59

SKCS

HI

58
57
56
55
54
53
52
Bem.2.

Bem.3.
aratási idő

Figure 2. Hardness Index confidential interval

aratási idő; LS Means
Wilks lambda=,56594, F(7, 23)=2,5200, p=,04440
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
330
325
320

(x10-4 J)

310

W

315

300

305

295
290
285
280
Bem.2.

Bem.3.
aratási idő

Figure 3. W value of alveograph confidential interval
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CONCLUSIONS
The wheat was harvested at two different times, with the same agro technological treatment.
The kernel Hardness Index, gluten characteristic and the alveograph behaviour were
examined. The effect of varieties was dominated. Due to the high amount of rain between the
two harvest times, the Hardness Index and W value of alveograph decreased from first to
second harvest time.
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ABSTRACT
New probiotic yogurt with 1.5 % milk fat is a fermented milk product with probiotic bacteria that has
been made from milk and yogurt cultures and probiotic bacteria. Preparation has been started from
pasteurized milk that was standardized to 1.0% milk fat. The standardized milk was subjected to
pasteurization and homogenization at 95 °C and a pressure of 150 bar. On such prepared milk
inoculation was performed with probiotic bacteria: Bifidobacteirum B94 and Lactobacillus HA119 and
yogurt cultures Lactobacillus delbrueckii subsp. bulgaricus and Streptococcus thermophiles. After
inoculation the fermentation has been done at 42.5 °C for 3 hours and 50 minutes. The pH value of
final fermented product at the beginning of cooling was 4.65. Obtained product was subjected to
chemical and microbiological analysis.
Keywords: probiotic, yogurt, cultures, fermentation

INTRODUCTION
Probiotics are indirectly known to the mankind from ancient times through their beneficial
health effects, mostly delivered by fermented dairy drinks. As a concept probiotics are of
newer date and they are associated with pioneer works of Metchnikoff at the beginning of
20th century (Lourens-Hattingh and Viljoen, 2001). The term ‘probiotic’ originated from the
Greek language and means ‘for life’ (Fuller, 1989). Modern definition of probiotics states they
are culture of microorganisms that have beneficial effects when applied on host (man or
animal) by improving the state of their microflora (Huis in’t Veld and Havenaar,1991).
Proposed probiotics mode of action is by affecting the intestinal microflora of host in a
positive manner thus resulting in a healthy balance of ’good’ and ‘bad’ bacterial cultures
(Ishibashi and Shimamura, 1993). Thus probiotics have a beneficial effect on maintenance of
normal intestinal microflora; enhancement of the immune system; reduction of lactose
intolerance; reduction of serum cholesterol levels; improved nutritional value of food;
anticarcinogenic activity and therapeutic application for alleviation of constipation; prevention
of urogenital infection; prevention of travellers’s diarrhoea; prevention of infantile diarrhorea;
reduction of antibiotic induced diarrhorea; prevention of hypercholesterolaemia prevention of
osteoporosis (Fuller, 1989). More recent research on probiotics functionality has been
focused on the four areas of (human) application: metabolism, chronic intestinal inflammatory
and functional disorders, infections, and allergy (Rijkers et al., 2010, and Kalliomäki et al.,
2010). It is still ever growing area of research.
Probiotics could be delivered by different carriers or matrixes. One of the most used is
yogurt. Yogurt is fermented dairy drink known to humanity for a long time. It is prepared by
souring of milk at 40-450C. Industrial production is a controlled process that involves multiple
steps. General procedure of yogurt productions involves: preparation of homogenized whole
or low fat milk; addition of skim milk powder; heat treatment (80-900C for 30-60 min or
longer); cooling to 40-450C; addition of yogurt (and probiotic cultures for probiotic yogurt);
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incubation/fermentation; termination of fermentation by cooling; addition of fruit or flavoring if
required; packaging; storage (Kopanos et al., 2010). Probiotic yogurt drinks are associated
with range health benefits (Lollo et al., 2013) and have gained a large interested among
researchers, dairy industry and the big growing market.
In order to design a new probiotic yogurt with new cultures and new potential health effects
we have described a production of new probiotic yogurt. In this first phase of
characterization, its physical-chemical and microbiological properties are determined.

MATERIAL AND METHODS
Sample preparation
Production of probiotic yogurt has been performed at the laboratory scale. For yogurt
preparation 20 liters of pasteurized milk standardized to 1.5% fat has been used. Before the
heat treatment (pasteurization), the protein content in milk was corrected by adding milk
proteins (textrion) up to a value of at least 3.2% of the protein as well as the dietary fiber was
adjusted by addition of inulin in an amount of 1% of the total weight of the prepared milk.
Thus standardized milk with additives is subjected to thermal treatment at a temperature of
95°C.
After reaching the temperature of thermal treatment, the prepared milk is then cooled to a
temperature of 40 °C. At this temperature inoculation with probiotic bacteria has been
performed by adding following bacterial cultures: Lactobacillus HA119 and Bifidobacterium
B94, and yogurt bacteria Lactobacillus delbrueckii subsp. bulgaricus and Streptococcus
thermophilus.
After inoculation, the prepared yogurt is placed in a thermostat for fermentation at 42.5 ° C
for 3h and 50 minutes. Fermentation is continued until the optimum pH of 4.65, and to
achieve acidity between 30 and 34 SH, after this the yogurt was put on cooling at a
temperature below 8 ° C with a gradual stirring.
Physical and chemical analysis of yogurt
Obtained yogurt was subjected to physical-chemical analyses. Testing of fat content, dry
matter and acidity in yogurt is done by methods described in the Regulation on the methods
of taking samples and methods of chemical and physical analysis of milk and dairy products
(Sl. List SFRY 32/83).
Determination of dry matter without fat is done by calculation (difference between fat content
and the dry matter content). Testing pH value was done on the pH meter Jenway (model
3510; Keison Products, Chelmsford, UK).
Analyses were repeated twice and the statistical test results show the middle average value
(x) and standard deviation (SD).
Microbiological analysis of yogurt
Microbiological examination of dairy products was performed in according to the Regulation
(EC) No 2073/2005. Briefly, 10 g of each sample were transferred to 90 mL of saline-peptone
water was added and mixed.
Further decimal dilutions with the same diluents were made, and following analyses were
performed on duplicate agar plates: Enterobacteriaceae on Violet Red Bile Glucose (VRBG)
agar (ISO 21528-1/2004) method with the application of the biochemical systems API List
(BioMeriex, France) for final identification; Staphylococcus aureus on Baird Parker medium
with added egg yolk tellurite emulsion (ISO 6888-1/1999) and yeast and moulds on
Sabouraud-4% Maltose agar (ISO 21527-1/2008).
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The total number of viable cells of probiotic bacteria Lactobacillus HA119 and
Bifidobacterium B94 in yogurt is determined using the method SRPS ISO 27205: 2014, ISO
29981: 2014 and ISO 7889: 2011.

RESULTS AND DISCUSSION
A new probiotic yogurt has been produced under laboratory conditions using standard
methods. Yogurt has been made from pasteurized milk with 1.5% milk fat. Also, milk protein
and dietary fiber has been adjusted to 3.2% and 1% respectively. Such milk has been
subjected to the thermal treatment at 950C following cooling to 40 0C. Cooled milk has been
inoculated with probiotic bacteria and yogurt cultures. Probiotic bacteria used were:
Lactobacillus HA119 and Bifidobacterium B94 while yogurt cultures were: Lactobacillus
delbrueckii subsp. bulgaricus and Streptococcus thermophilus. After inoculation, yogurt was
subjected to fermentation and cooling under conditions described in Materials and methods.
Obtained final product, a new probiotic yogurt was then analyzed for typical chemical
parameters (milk fat, dry matter, fat in dry matter, pH and acidity and microbiological screen
for presence of Enterobacteriaceae, Staphylococcus aureus and yeast and moulds. Values
for physical and chemical parameters are presented in the Table 1. They are in the range
typical for these types of products, i.e. probiotic yogurts.
Table 1. Physical and chemical parameters for new probiotic yogurt
a
Parameters
Calculated indicators
Milk fat, %
1.50 ± 0,012
Dry matter, %
11.57 ± 0,06
Dry matter without fat, %
10.07 ± 0,05
pH
4.52 ± 0,014
o
Acidity, SH
31.4 ± 0,09
a

mean value ± standard deviation

The total number of viable cells of probiotic bacteria Lactobacillus HA119and Bifidobacterium
B94 in yogurt was 5.2x107 cfu/g, which is in accordance with the Regulations on the quality
of milk and starter culture ("Official Gazette of RS" no. 33/2010, 69/2010 and 34/2014), which
prescribes the value of min. 106 cfu/g.
Microbiological analysis has found no presence of Enterobacteriaceae, Staphylococcus
aureus and yeast and moulds at maximum allowed levels.
In the future experiments yogurt will be subjected to further analyses, primarily sensory
analysis.

CONCLUSIONS
A novel probiotic yogurt with 1.5% milk fat has been prepared at the laboratory scale from
milk, selected probiotic bacteria and yogurt cultures. Obtained yogurt has been characterized
for chemical and microbiological parameters.
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ABSTRACT
Fresh strawberries are gentle, perishable and their availability as cakes and desserts ingredient on the
market is limited during year. In this research were investigated effects of pre-treatments of fresh
strawberries (11 model-samples) dipping in hot boiling water solutions (containing sugar, pectin
E440, firming agent E509 in different proportions) short time (2; 3; 5 minutes), dripping and freezing,
on texture parameters and sensory attributes, after thawing at +5 C. Sensory quality was low and
difference between frozen strawberries model-samples was noticeable. After complete thawing,
strawberries texture was unacceptable in all samples, reflecting changes in the fruits turgidity and
firmness. They were soft, wrinkled, rubbery, pale coloured. Next experiment included similar pretreatments of fresh strawberries (4 model-samples), mixed frozen fruit (always available on the
market) strawberries, with naturally red coloured blackberries and sour cherries (11 model-samples),
filling in glass jars with hot pasteurized solutions containing sugar, food additives (pectin E440, citric
acid E330; firming agent E509, acidity regulator E331) and aroma in different proportions and
hermetically sealing. The methods of preparing were modified selecting better samples from previous
experiment, and using it as models for next, after determining dry matter (DM), acidity and pH and
descriptive sensory analysis. Final part included 5 model-samples produced with fresh strawberries,
of which the best, with the highest sensory quality were selected (JV.19.7) and used as model for new
3 samples modified processing: halves of fresh (JV.19.7a) and frozen strawberries (JV.19.7b,c).
Quality parameters were determined for the best fresh strawberries JV.19.7a treatment: DM=26%;
Acidity=0.65%; pH=3.2; E440=1.0%; E509=0.025%; and for frozen strawberries JV.19.7c: DM=21%;
Acidity=0.62%; pH=3.2; E440=1.0%; E509=0.025%. These results indicated that 34 strawberries
treatments with sugar and additives in different proportions gave solution for moderate sweet,
tasteful, refreshing, aromatic, juicy, jellied strawberries production, which could be used as decoration
for different cakes and desserts.
Keywords: strawberries processing; product development; sensory analysis

INTRODUCTION
Strawberries (Fragaria vesca) are very popular, but available during short period in the
spring. Strawberry quality for the market is focused on physical and sensory qualities,
especially regarding wonderful aroma, bright red colour, juicy texture, sweetness, and
attractive look, while providing nutritional and health benefits (Ares et al., 2009; Gunness et
al., 2009). Because of strawberries smooth texture, high softening rate and perishability, food
industry is very interested in improving marketability of strawberries as processed products,
searching for new processing solutions to create new products with distinctive final
characteristics (Vicente et al., 2005; Grujić et al., 2008; Grujić et al., 2010; Grujić and Grujić,
2011; Aday et al., 2013; Galetto et al., 2010; Nuñez-Mancilla et al., 2013; Grujić et al.,
2014a,b; Grujić, 2015). Different studies and many attempts have been made to delay
reduction of firmness and softening in berry fruit, as one of the most important changes in
fruit like strawberries, raspberries and blackberries during postharvest storage (Vicente et al.,
2005; Kastner et al., 2012). It is known that pre- and postharvest application of calcium play
a significant role in maintaining quality and may delay senescence in fruits with no
detrimental effect on acceptance (Mozhdehi et al., 2012). Also, role of calcium independently
or combined with pectin in strawberry, raspberry and blackberry fruits were investigated in
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order to prevent loss of firmness induced by freezing, thawing and heating processes
(Vicente et al., 2005; Sousa et al., 2007; Posé et al., 2012), but calcium was more effective in
firming thermally processed than frozen fruit (Suutarinen et al., 2000).
The aim of this research was to investigate effects of different treatments in strawberries
processing on sensory attributes of jellied strawberries, which could be used as decoration
for different cakes and desserts.

MATERIAL AND METHODS
Material used for the experiment
Fresh strawberries (Fragaria ananassa), were harvested manually at the commercial
maturity stage from Slatina orchards (Banja Luka Region, Bosnia and Herzegovina), the day
before processing. They were selected according to the weight after removing the calyx and
peduncle (bigger 24.8±6.7 g; smaller 10.2±3.4 g), appearance (ripeness and colour), dry
matter (DM~6.0%), washed, drained and manually halved with knifes longitudinally, where
applicable. For fruit processing, as ingredients also were used: frozen fruit strawberry (dry
matter – DM~6.0%), sour cherry (DM~15%), blackberry (DM~12%), producer Ledo d.d.
Zagreb, Croatia; sugar (sucrose crystals, purchased in retail store); pectins as gelling agent
(E440): A-pectin (buffered Pectin Amid CB.025-E), B-Pectin (Pectin Classic AF703) producer
Herbstreith & Fox, KG, Germany); firming agent calcium chloride (E509), CaCl2 2H2O,p.a,
M=147.02 g/mol, (producer Lach-Ner, s.r.o. Czech Republic); citric acid (E330); strawberry
aroma (100171 esarom, GmbH, Austria), tap water (medium hard).
Experimental procedure
The fresh, whole fruits were randomly distributed among the experiments. Fresh non-pretreated strawberries were used as control (sample P1). The fruit/solution ratio (m/m), dry
matter (DM) and selected additives dosage were variable for different treatments used for
fresh or frozen strawberries dipping and blanching. Also, tap water and sugar were
ingredients of model solutions for samples processing. The amount of sugar was calculated
and added, depending of fruit and other ingredients content, to achieve defined approximate
dry matter in final product. The boiling temperature was controlled by electric heating plate.
Strawberries freezing treatments (Table 1) included: fresh strawberries dipping and
blanching pre-treatments (11 model-samples) in hot boiling water solutions (containing
sugar, pectin E440, firming agent E509 in different proportions) short time (2; 3; 5 minutes); 5
min draining in metal strainer; packaging in open transparent plastic boxes (180 120 60
mm); refrigerating to 5 C and freezing in chamber on -18 C. The experimental unit, which
was frozen untreated, was used as a control. The frozen strawberries were stored at -18 C
for 7 days, thawed in closed boxes at +5 C (in approximately 4-6 h) in refrigerator, until the
thermal centres of the fruits reached +5 C, and used for sensory analysis.
Strawberries heating treatments included similar pre-treatments of fresh strawberries (4
model-samples), mixed frozen strawberries with or without sour cherries and blackberries
(11 model-samples), filling in glass jars with hot pasteurized blanching solutions containing
sugar, with or without food additives (pectin E440, citric acid E330; firming agent E509,
acidity regulator E331) and aroma in different proportions (Table 2) and hermetically sealing.
After selecting better samples from previous experiment, preparing methods were modified
for following (Table 3). Final part included 5 model-samples produced with fresh
strawberries, and the best were selected (JV197) and used as model for new 3 samples
modified processing: halved fresh (JV197a) and frozen strawberries (JV197b,c).
Quality control
For products quality and chemical composition control were determined: dry matter (soluble
solids) in % (Leica Abbe Mark II Refractometer Model 10480, Leica, USA) and pH (pH-meter,
ISKRA) at 20 C; total acidity (titration with 0.1 M NaOH) expressed as % of citric acid.
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Descriptive sensory analysis were carried out by 5 tested, skilled and trained assessors
using the method of consensus, according to the procedures defined by the relevant
standards (ISO 13299:2003; ISO 11035:1994; ISO 4121:2003) and was used as a tool for
the evaluation and comparison of achieved model samples quality. Attribute quality were
rated on a 5-point quantitative scales (5=appropriate; 1=unacceptable quality) by descriptive
quantitative method adapted for each product (Grujić, 2015). In frozen and thawed
strawberries were evaluated: surface appearance and fruit deformation; color of surface and
fruit cross section. Heat treated strawberries sensory analysis included: surface appearance
and fruit deformation; color of surface and fruit cross section; texture (as firmness when
pressing with fingers, during chewing, and impression in the mouth); aroma and taste. The
samples were coded presented to the panellists for sensory evaluation and water was
provided for cleansing the palate between the samples. The research was realized on the
Faculty of Technology, University of Banja Luka (BA) in Laboratory for food sensory analysis,
designed according to the Standard ISO 8589:2007 and in Laboratory for food analysis.

RESULTS AND DISCUSSION
The frozen food industry growth has encouraged work on improvement of existing methods
and development of technologies for high quality new products, with acceptable colour,
flavour, texture and nutritive value. Freezing is an efficient preservation process, but frozen
fruits undergo quality deterioration during freezing, frozen storage and thawing because of
texture degradation, structural collapse and drip loss (Galetto et al., 2010). Strawberries
retain much of their natural flavour and colour under freezing, frozen storage and thawing but
suffer serious softening in texture and release more juice than the fresh product (Posé et al.,
2012). The integrity of the cells tissue is better preserved with lower freezing rates and the
slowest thawing rate. During the freezing process, ice crystals damage and rupture fruit
tissue cells, so that during thawing the intracellular contents exude out (Sousa et al., 2007).
In this research were investigated effect of pre-treatments of fresh strawberries (11 modelsamples) dipping in hot boiling water solutions containing sugar, pectin and firming agent
(E509) with Ca2+ in different proportions (Table 1), short time dripping (Pa=2 min; Pb=3 min;
T1x=5 min), and freezing, on texture parameters and sensory attributes, after thawing. Frozen
untreated strawberries (sample P1) used as control for sensory analysis. Pectins are gelling
agents traditionally used in jam, jelly and other food production. The firmness of the fruit can
be induced by the addition calcium ions which forms cross linkages between carboxyl groups
on the pectin, natural fruit constituent (Galetto et al., 2010; Grujić et al., 2010). Strawberries
sensory quality was good after freezing, but after complete thawing it was low with noticeable
difference between strawberries model-samples. They were more or less, wrinkled,
dehydrated and rubbery, contrary to the Galetto and co-authors (2010) results. The
mechanical resistance of the fruits augmented with increasing calcium concentration, and
these values were significantly different from and higher than the values obtained for
untreated fruits (Sousa et al., 2007).
Table 1. The quantity relation (m/m) of basic ingredients of solution, in percents
Model-sample code
Ingredients
P2a
P 2b
P 3a
P 3b
P 4a
P 4b
T11
Sugar, %
50.0 50.0 50.0 50.0 50.0 50.0 15.0
A-Pectin, %
0.10 0.10 0.10 0.10 CaCl2 (E509), %
1.00 1.00 1.00 1.00 -

T 12

T 13

T 14

20.0
-

15.0
0.10

20.0
0.10

Next experiment included similar pre-treatments of fresh strawberries (3 samples J1-3), and
sample J4 mixed with frozen blackberries and sour cherries to achieve better red colour,
reduce sugar use and fruit flotation. Treatment included different pectin types and content.
Ingredients were heated to boiling and strawberries, as very sensitive, were added after that
and heated 5 minutes after achieving boiling point, acidity were corrected, filled in glass jars
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and allowed to cool on room temperature. The knowledge of the structuring properties of the
pectin is of essential technological importance. The initial pectin structuring process starts
probably with ionic interactions via Ca-bridges as well as hydrophobic interactions at
temperatures 60 C, it is nearly completed around 40 C. Hydrophilic interactions (below
50 C) and inter aggregations (below 25 C) perhaps dominate the gelation during further
cooling (Kastner et al., 2012). Used A-pectin produces soft-textured, plastic gel, suitable for
different dry matter content, reheating before or for repeated use and could be diluted with
water, while B-pectin formed a viscous medium in the concentrations used for sample J2,
which had better texture, wet fruits’ surface and juiciness during mastication.
As frozen fruit is always available on the market, possibility of their use for gelled
strawberries production was investigated, processing frozen strawberries mixed with
blackberries and sour cherries in different proportions JV11-192 (11 model-samples). In this
experiment, the method is modified to shorten the time of heat treatment and fruit was added
in a boiling aqueous solution at the end, and pasteurized before filling. Sensory evaluation, 7
days after production, showed that sample J13 had the most acceptable shape, texture and
juiciness, comparing between samples JV11-14., but pieces of gel remained on the surface of
the gelled fruit and looked untidy and that is why B-pectin were again included in further
research. Also, longer fruit heating in solutions with higher sugar content impact on jellied
fruits’ texture disintegration, softening and shape lost, while lower sweetness impact on taste.
Table 2. The model-samples quality parameters and quantity relation (m/m) of basic ingredients
Model-sample code
Ingredients
J1
J2
J3
J4
JV11
JV12
JV13
JV14
JV15
JV16
JV17
JV18
Strawberry, % 60.0 60.0 80.0 56.0 30.0 30.0 50.0 50.0 50.0 50.0 50.0 30.0
Sour cherry, % 7.0
20.0 30.0 20.0 20.0 20.0 20.0 30.0
Blackberry, % 15.0 10.0 20.0 Solution, %
22.0 40.0 40.0 30.0 30.0 30.0 30.0 30.0 40.0
Dry matter, % 28.7 26.2 33.2 37.3 35.4 25.3 17.5 24.3 19.6 22.2 20.7 31.3
Acidity, %
0.72 0.54 0.62 0.66 0.72 0.86 1.02 0.98 0.96 0.89 0.58 1.14
pH
3.04 3.36 3.40 3.35 3.15 3.24 3.21 3.36 3.17 3.30 3.38 2.89
A-Pectin, %
0.5
0.3
1.0
0.6
0.6
0.45 0.45 B-Pectin, %
0.8
0.8
1.0
0.80 0.80
E509, %
0.03 -

Next treatments included 5 samples JV15-19 and 7 samples JV191-199 which were made in
order to achieve pleasant sweetness and optimal pectin, firming agent and acidity regulator
content in jellied fruit processing. Fruit were blanched in water solution containing sugar, food
additives A- or B-pectin, citric acid (E330), with or without firming agent (E509), and acidity
regulator (E331), in different proportions (Tables 2-3); and aroma; filled in heated jars with
the same hot pasteurized solutions and hermetically sealed.
Table 3. The model-samples quality parameters and quantity relation (m/m) of basic ingredients
Model-sample code
Ingredients
JV19
JV191
JV192
JV195
JV196
JV197
JV198
JV199
JV197a JV197b JV197c
Strawberry, % 30.0 30.0 30.0 60.0 60.0 67.0 42.0 60.0 60.0
60.0
60.0
Sour cherry, % 30.0 30.0 30.0 21.0 Solution, %
40.0 40.0 40.0 40.0 40.0 33.0 37.0 40.0 40.0
40.0
40.0
Dry matter, % 29.8 32.8 31.6 26.9 27.3 18.4 29.3 24.3 26.2
23.7
21.1
Acidity, %
0.87 0.78 0.82 0.75 0.68 0.62 1.14 0.87 0.65
0.64
0.62
pH
3.12 3.26 3.16 2.98 3.2
3.10 2.94 2.85 3.20
3.15
3.10
A-Pectin, %
0.80 1.00 1.00 B-Pectin, %
1.00 1.00 0.80 1.40 1.40 1.00
1.00
1.00
E509, %
0.01 0.05 0.05 0.05 0.05 0.025 0.10 0.025 0.025 0.025 0.025
E331, %
0.05 0.05 0.05 0.05 -
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Samples JV191-192 were manufactured with frozen strawberries and sour cherry mix, and
samples JV195-196 with fresh strawberries, the same amount of firming agent and acidity
regulator, and A- or B-pectin, DM~30% but quality weren’t satisfying. In this part of
experiment it was important to follow the effect of calcium and sugar on the strawberries and
to optimize the processing, but strawberries were soft and wrinkled with dehydrated surfaces.
Blanching is associated with destruction of enzyme activity, but it must be short (Posé et al.,
2012), because of replacing intercellular air by sugar solution diffusion into the fruit and fruit
collapse caused by osmotic effects of water removing (Suutarinen et al., 2000).
The dry matter, acidity and pH-values of all final products are presented in Tables 2 and 3.
Analysis showed that between samples prepared with fresh strawberries, sample JV197
(DM~25%, 0.80% B-pectin) had better sensory quality and shape retention than JV198
(DM~30%) and JV199 (DM~25%) manufactured with higher B-pectin content (1.40%). The
further 3 samples (JV197a,b,c) preparing methods were modified based on selected sample
JV197 treatment from previous experiment, after determining dry matter (DM~20%), acidity,
pH and descriptive sensory analysis. Optimized pre-processing conditions of pH and calcium

levels, has resulted in great
improvement in the texture of heat-processed strawberry halves, conclusions similar to other
researches (Suutarinen et al., 2000).
Picture 1. Jellied strawberries samples pictures
JV197a increased on microscope 10x (left); JV197a (central); JV197c (right)

Strawberry functional analysis, firm texture and the pectins analysis gave new insights into
the role of pectin in strawberry softening (Posé et al., 2012). The smaller size and halved
strawberries had better surface appearance and texture than bigger. Larger surface of the
product is directly exposed to the medium during the treatment, which accelerates diffusion
in central tissue and gives better results. Modified processing included: halves of fresh
strawberries JV197a (DM~25%) and frozen strawberries JV197b (DM~25%) and JV197c
(DM~20%). According to the sensory evaluation, the best shape and texture quality had
treatments with fresh strawberries JV197a (DM~25%; Acidity=0.65%; pH=3.2; B-Pectin=1.0%;
E509=0.025%) and frozen strawberries JV197c (DM~20%; Acidity=0.62%; pH=3.2; BPectin=1.0%; E509=0.025%). Jellied strawberries were red coloured, with glow, elastic, juicy,
refreshing, sweet, tasteful and aromatic. Visual impression is shown on Picture 1. Jellied
strawberries could be used as decoration for different cakes and desserts.

CONCLUSIONS
The fresh strawberries dipping in hot boiling water solutions containing sugar, pectin and
firming agent with calcium ions sensory quality was good after freezing, but after complete
thawing it was low with more or less noticeable wrinkled, dehydrated surface and rubbery
texture. Changing final preservation method to heat treatment instead of freezing, gave a
processing data for jellied strawberries manufacturing.
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The fresh and frozen strawberries heating treatments included different blanching solutions
with modified composition and filling in glass jars with the same hot pasteurized blanching
solutions and hermetically sealing. Descriptive sensory analysis was used as a tool for the
evaluation and comparison of achieved model samples quality and selecting the best jellied
strawberries and processing data. The sensory analysis included: surface appearance and
fruit deformation; color of surface and fruit cross section; texture (as firmness when pressing
with fingers, during chewing, and impression in the mouth); aroma and taste.
The halved strawberries had appropriate surface appearance and texture after processing in
strawberries/solution relation 60%/40%, for final product manufactured with fresh
strawberries, approximate dry matter ~25%, and ~20% with frozen strawberries, acidity
~0.70%, sugar, aroma and additives in specified relation used for the research. Jellied
strawberries sensory attributes, as red coloured, with glow, moderate elastic, juicy,
refreshing, sweet, tasteful and aromatic, were very pleasant for consumption and as so, they
could be used for different cakes and desserts decoration.
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ABSTRACT
Consumers like raspberry fruit (Rubus idaeus) fresh and processed as food product ingredient. They
have pleasant aromatic sweet-sour taste and provide nutrients and micronutrients essential for healthy
nutrition. As raspberries postharvest life is limited, their incorporation in different food products is
permanent challenge for manufacturers. In the present study, the development of ice-cream topping
with raspberry fruit is described. Influences of different ingredients on sensory and rheological
properties were studied. Production of fruit topping with pleasant raspberry aroma, refreshing sweetsour taste, red colour, transparent with moderate density and viscosity (for ice cream decorating
before serving and consumption) were realised in laboratory conditions. Frozen raspberry fruit was
kept as constant ingredient, and sugar, food additives (gelling agent E440, firming agent E509, citric
acid E330), and water were used as processing variables. For topping quality control dry matter, total
acids and pH, colour parameters (CIEL*a*b*) and viscosity were determined. Five trained panellists
realised quantitative descriptive sensory analysis of topping (visual impression, viscosity, aroma and
taste, balance of its sensory properties with vanilla ice cream) by consensus method. Overall
acceptability of final product quality evaluated 55 selected assessors using affective sensory test. After
successive production of eight model-samples and quality evaluation, the final formulation for
ingredients content and quality parameters of fruit topping were defined: dry matter 40%; total acidity
0.80%; pH 3.00; colour parameters L*=29.62, a*=8.66, b*=-1.29, viscosity 1803 mPa s. Formulations
with 0.80% pectin and without calcium addition produced topping with moderate density and viscosity.
The fruit topping acceptability was evaluated with vanilla ice cream as a carrier, where 14 assessors
confirmed that they like and 41 that like it very much. Sensory analyses, together with instrumental
measurements were used as tools in fruit topping development, quality optimisation and
standardization.
Keywords: product development, topping with raspberries, food additives

INTRODUCTION
Market supply alignment to consumer needs and preferences is crucial for product marketing
success and is becoming even more important under existing market conditions of intense
competition and highly demanding consumers (Van den Heuvel et al., 2007). Selection of
appropriate ingredients and examination its impact on final product quality is important for
producers in food industry. Differences in the chemical composition of foods affect various
food characteristics. Producers create and promote fruit products combined with specific
ingredients, which offer favourable and biologically acceptable nutritional composition and
bioactive compounds relevant to human health (Bayarri et al., 2007; Seeram, 2008; Battino
et al., 2009; Ali, 2012; Evers et al., 2013).
Jellied fruit products are appreciated ingredients of various culinary specialties and especially
desserts (Acosta et al., 2008; Grujić et al., 2008; Grujić et al., 2010; Grujić et al., 2014a,b). A
processed food specific structure is related to the physical and chemical interaction of
constituents in an aqueous environment. Consumers like raspberry fruit (Rubus idaeus) fresh
and processed, or incorporated in food products. They have pleasant aromatic sweet-sour
taste and provide nutrients and micronutrients essential for healthy nutrition (Krüger et al.,
2011; Ali, 2012). As raspberries postharvest life is limited, their incorporation in different food
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products is permanent challenge for manufacturers. The process of translating consumer
needs or expectations into product is a difficult process (Van den Heuvel et al., 2007; Grujić
and Grujić, 2011; Grujić, 2015). The sensory perception and food appreciation is closely
associated with visual impression and food oral processing, as the first stage of food
digestion. The food breaks down to small particles, which are moved around inside the
mouth, taste and texture or viscosity are evaluated and compared with expected quality
(Chen, 2014). A final quality or acceptability assessment affects its status in the market.
The desserts with processed fruit and ice cream are usually part of the meal with
characteristics associated with enjoyment. Also, factors that affect the jellied food texture or
viscosity quality and acceptance are of particular interest to the food industry. The research
was aimed to investigate impact of different ingredients on sensory and rheological
properties of ice cream topping with raspberry fruit.

MATERIAL AND METHODS
Production of fruit topping with pleasant raspberry aroma, refreshing sweet-sour taste, red
colour, transparent with moderate density and viscosity (for ice cream decorating before
serving and consumption) were realised in laboratory conditions on the Faculty of
Technology, University of Banja Luka (BA) in the Laboratory for food sensory analysis,
designed according to the Standard ISO 8589:2007 and in the Laboratory for food analysis.
Material used for the experiment
Frozen red raspberry fruit (13% dry matter – DM), producer „Frattelo trade“ Banja Luka (BA)
was kept as constant ingredient, while as processing variables were used: sugar (sucrose
crystals, purchased in retail store); food additives gelling agent (E440): pectin A (Pectin
Classic AF703, producer Herbstreith & Fox, KG, Germany); pectin B (high methoxyl pectin
OBIPEKTIN Blue Ribbon 150US, producer, Naturex Company, France); firming agent
calcium chloride (E509), CaCl2 2H2O,p.a, M=147.02 g/mol, (producer Lach-Ner, s.r.o. Czech
Republic); citric acid (E330); tap water (medium hard).
Methodology of the research
Experimental part of the research included consecutive production of eight model-samples
and quality evaluation of each one of them. Production of fruit topping model samples
included ingredients preparing, mixing, heat treatment, quality investigation (by physical,
chemical and sensory analysis), filling in glass jars, hermetic closing, cooling at room
temperature and storage at 4 °C.
Firstly, the expected sensory quality and attributes of fruit topping with raspberry was
defined. The initial amount of fruit, degree of sweetness (dry matter) were determined in
previous researches and acidity for fruit topping further production using descriptive sensory
tests were selected comparing quality of samples M.1 and M.2 (Table 1). The next part of the
experiment included activities on the product modelling using descriptive sensory, physical,
chemical and instrumental analyses which defined product quality parameters and the ratio
of fruit topping ingredients which will produce expected the primarily defined consistency and
aroma. After that, the acceptability of the final product should be examined, using the
affective sensory tests. Fruit topping was served with ice cream (temperature -10 °C), to the
assessors, as is usually consumed. The final formulation for ingredients content, processing
method and quality parameters of fruit topping were defined, as a part of fruit topping
development, quality optimisation and standardization.
Quality control
For fruit topping quality control were determined: Percent of dry matter on 20 C (Leica Abbe
Mark II Refractometer Model 10480, Leica, USA), total acidity (titration with 0.1 M NaOH)
expressed as % of citric acid and pH (pH-meter, ISKRA) colour parameters CIEL*a*b*
(tristimulus colorimeter Minolta CR410) and viscosity by rotational viscometer (HAAKE
Viscotester C, L-version).
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Colour parameters (CIEL*a*b*) were determined using standard illumination D65,
colorimetric normal observer angle of 10 and 50 mm measurement area. Colour
parameters, expressed as CIE L*, a*, b* values, were measured, where parameters L*
represents colour lightness (0 = black; and 100 = white). The a* scale indicates in the
maximum the red (+a*) and in the minimum the green colour (−a*) while the b* axis ranged
from yellow (+b*) to blue (−b*). The results are expressed as the mean value of five
measurements for colour and three measurements for viscosity (at 6-8 °C). Descriptive
Statistical Analysis of all measured data for colour parameters are realised by Microsoft
Office Excel 2007 and presented as mean values ± standard deviations.
Sensory quality of the topping model samples evaluated five trained panellists using
quantitative descriptive sensory analysis of visual impression, viscosity (thin – viscous),
aroma and taste, balance of its sensory properties with vanilla ice cream) by consensus
method following the standard procedures (ISO 13299:2003; ISO 11035:1994; ISO
4121:2003). The assessors for descriptive and affective sensory test were recruited from
staff and students, selected as permanent consumers of similar products, who prefer and like
to eat ice cream with fruit topping. Overall acceptability of the final product quality (sample
M.36) individually evaluated 55 assessors using affective sensory test selecting answer that
express individual opinion about the product quality on 3 points scale (3 = I really like it; 2 = I
like it; 1 = I don’t like it). The topping (temperature ~4 °C) were served with vanilla ice cream
as usually is served, in relation: 20 g of ice cream with 5 g of fruit topping. Samples were
served in the booths, in white plastic cups (volume ~200 ml) with white plastic teaspoons for
single use, white paper napkins, glass cup with water (20–23 °C) for cleansing the palate,
pencil and evaluating form.

RESULTS AND DISCUSSION
An important component of diet may be jellied fruit products, as they are usually nice
coloured, sweet, refreshing and aromatic, offering enjoy in all sensory attributes. The
recommendations for ingredients commonly used in products manufacturing can be found in
literature, but the exact formulation and processing parameters manufacturer should
determine depending of available basic ingredients quality (Grujić and Grujić, 2011; Grujić et
al., 2014a,b). An eating process involves all sorts of relative surface movements concerning
food particles and oral surfaces, the thermal history of a food inside the mouth and oral
friction resistance that have a direct implication to impression related to specific foods’
sensory properties and food quality. Receptors at oral surfaces are detecting any stimulus
directly responsible for food taste and texture sensation (Chen, 2014).
The research was aimed to investigate impact of different ingredients on sensory and
rheological properties of ice cream topping with raspberry fruit. Firstly, the expected sensory
quality and attributes of fruit topping quality were defined. It should contain enough fruits to
ensure natural red colour, pleasant fruity aroma, refreshing sweet-sour taste, to be
transparent with uniformly dispersed seeds, moderate density and viscosity, suitable for ice
cream decorating. The initial amount of raspberries and topping sweetness (Table 1) was
determined. The fruit topping acceptance consumers often evaluate based on colour and its
relation to fruit used as ingredient. Raspberry berries degrade during cooking and uniformly
dispersed seeds are visible in final product. They impact on visual impression and product
quality evaluation, also related to used fruits’ ripeness and freshness (Grujić, 2015).
Initial internal standard quality of fruit topping can be designated by the content of soluble
solids or dry matter and acidity. The topping acidity were determined evaluating and
comparing model samples M.1 and M.2 (Table 1) by quantitative descriptive analysis, and
selecting samples with better sweet/sour relation (M.2) which will be used for following
research. The content of raspberries (19.5%), dry matter (40%) and acidity (0.70%) were
selected as constant parameter for next part of experiment. Sugar was added in each case
to reach 40% DM and water to reach 100.0% (m/m) in the final product.
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Levels of one or more quantitative factors, as ingredients or process variables, can be used
for some quality parameter or attribute modeling in product development and optimization.
The next part of the experiment included the product modelling using descriptive sensory,
physical, chemical and instrumental analyses, which defined product quality parameters and
the ratio of fruit topping ingredients which will produce expected, in advance defined
viscosity. Selected food additives (gelling agent pectin A or pectin B; firming agent calcium
chloride; citric acid) were added as specified in the experimental design (Table 1). Sugar
contributes to the product’s structure gelling with high methoxyl pectins if sucrose is present
at concentration greater than 55%, or alternative for gel production with lower amount or
without sucrose using low methoxyl pectin in the presence of calcium ions (Acosta et al.,
2008; Grujić et al., 2010). It is important to determine optimal concentration of the calcium
ions for addition in the food medium with low esterified pectin, as it could impact on gel
strength and quality (Peleg, 2006; Willats et al., 2006; Van Buggenhout et al., 2009; Grujić et
al., 2010; Grujić et al., 2014a,b).

M.1
M.2
M.31
M.32
M.33
M.34
M.35
M.36

19.5
19.5
19.5
19.5
19.5
19.5
19.5
19.5

37.20
37.15
36.50
36.50
36.15
36.15
36.50
36.50

B
A
B
B
B
B

0.70
0.60
1.00
1.00
0.60
0.80

0.064
0.064
-

0.30
0.35
0.35
0.35
0.35
0.35
0.40
0.40

43.00
43.00
43.00
43.00
43.00
43.00
43.00
43.00

40.00
40.00
40.80
40.80
40.20
40.00
40.10
40.10

0.60
0.70
0.67
0.70
0.73
0.70
0.83
0.80

pH

a

Acidity
(%)

Dry matter
(%)

Water
(%)

acid

Citric
(%)

CaCl2 2H2O
(%)

Quantity
(%)

Code

Sugar
(%)

Raspberry
(%)

Sample
code

Table 1. The quantity relation (m/m) of basic ingredients and quality parameters of topping, in percents
Pectin

3.07
3.04
3.05
3.08
2.98
3.01

A - Pectin A (Pectin Classic AF703, producer Herbstreith & Fox, KG, Germany)
B - Pectin B (OBIPEKTIN Blue Ribbon 150US, producer, Naturex Company, France)
a
Total acidity of the fruit topping sample, expressed as % of citric acid

The fruit topping with smooth, transparent structure and consistency, glossy surface and
juiciness could be produced if appropriate type and amount of the pectin is selected and
optimal gelling conditions provided. The topping with expected sensory properties, which are
directly related to the products’ composition and quality parameters, was selected using
descriptive tests. Sample M.31 (Table 1) had good viscosity at room temperature (~25 °C),
but cooling on +4 °C made it too viscous, while acidity and aroma were good. Sample M.32
was moderately viscous with temperature independent stability, but slightly higher for
continuous flow on ice cream surface, while samples M.33 and M.34 were very viscous. The
toppings eaten with ice-cream were not sufficiently acidic and acidity was increased to 0.80%
in following samples. The research was carried out for the manufacturer who would use a
relatively small amount of fruit toppings annually, as one of many its products. This was the
reason why for further research B-pectin was selected, as commercially available in relatively
small packaging units, at that time. Thereafter, topping samples M.35 and M.36 are made.
Analyze showed that chilled (+4 C) sample M.36 was moderately viscous, stable after
several successive mixing (with teaspoon), red coloured, with pleasant flavour, refreshing
and juicy, so that ingredients content (Table 1) and quality parameters of fruit topping with
raspberries as final product were determined as adequate.
The fruit topping colour, flavour and viscosity must be pleasant for consuming and to give an
impression that contains enough fruit. Sensory measurements of texture attributes are very
important aspect of food quality, but instruments measure physical parameters, useful for
standardisation of products quality and quickly control are they acceptable (Bourne, 2002;
Asaga et al., 2013; Chen, 2014). The topping use is related to slow laminar flow across the
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surface of ice-cream, from its top to the bottom at the moment of decoration. It should be
sufficient viscous to flow fast enough down the surface and at the same time leaves a thin
glassy shine layer of compact fruit topping on a road that passes, decorating chilled desert to
the moment of consumption. Sensory tests were used for the selection of topping with these
defined characteristics, and viscosity values were measured instrumentally (Table 2).
Heat treatment affects the fruit toppings color quality, and it can be controlled instrumentally,
if the limits of tolerance for color parameters deviations are determined, as shown in Table 2.
Further, fresh fruit is less luminous and darker with the lowest L*-value and less red and
more blue, with low values for a* and b*, while over-ripe fruit became darker, less red and
more blue with advanced ripening. During the storage periods, overall values for L*, a* and
b* of the fruit decreased significantly in comparison to fresh material (Krüger et al., 2011)
Table 2. Quality of fruit topping viscosity and CIELab colour parameters
Viscosity
Sample
L*
a*
code
(average±SD)
(average±SD)
(mPa s)
M.1
140
30.24±0.05
10.17±0.09
M.2
245
29.85±0.04
9.47±0.11
M.31
3015
29.94±0.01
8.94±0.04
M.32
3220
29.90±0.02
10.02±0.06
M.33
8452
29.87±0.02
8.44±0.03
M.34
8140
29.63±0.03
8.64±0.09
M.35
1226
29.67±0.02
9.16±0.08
M.36
1803
29.62±0.01
8.66±0.03

b*
(average±SD)
-0.89±0.05
-1.07±0.04
-0.94±0.02
-0.82±0.02
-1.10±0.03
-1.30±0.05
-1.11±0.02
-1.29±0.03

L* - colour lightness, black (0) and white (100)
a* - red colour (+a*) and green colour (−a*)
b* - yellow colour (+b*) to blue colour (−b*).

Some sensory features can be replaced or expressed and quantified by physical methods
and instrumentally measured physical parameters. For food industry, the use of instrumental
methods means fast, objective food quality control and a reliable prediction of consumers’
perception of a food product (Chen, 2014). Sensory analyses, together with instrumental
measurements were used as tools in fruit topping development, quality optimisation and
standardization. After successive production of eight model-samples and their quality
evaluation, the final formulation for ingredients content, processing method and quality
parameters of fruit topping were determined: dry matter = 40%; total acidity = 0.80%; pH =
3.00; colour parameters L* = 29.62, a* = 8.66, b* = -1.29, viscosity = 1803 mPa s.
Formulations with 19.5% raspberry fruit, 36.50% sugar and 0.80% pectin enabled production
of topping with moderate density and viscosity.
At the end of the research, the acceptability of the quality of the fruit topping for intended
purpose was examined, using the affective sensory tests, as it could not be measured by
instrumental methods, which are designed for single parameter measurement, but oral
sensation is mostly simultaneous multi-modal. Results of sensory testing showed that 41
assessors really like and 14 assessors like (n = 54 assessors included in the research) with
average score 2.8 or 91.7% of maximal 3.0 points, confirming that the achieved quality of
new product was harmonized with expectations of the consumers representatives. In an
interview with respondents it was found that they like fruit topping with raspberries and would
like to buy and consume it, and that the level of expressed preference depended on the kind
of fruit they prefer to consume, as some of them like other fruits more than raspberries.

CONCLUSIONS
Different ingredients impact on sensory and rheological properties of ice cream topping with
raspberry fruit were investigated. The expected sensory quality of fruit topping quality were
defined, before product development: to have natural red colour, pleasant fruity aroma,
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refreshing sweet-sour taste, to be transparent with uniformly dispersed seeds, moderate
density and viscosity, suitable for ice cream decorating. The research consisted of several
consecutive experiments. Content of selected ingredients were used for modeling, while
sensory analyses, together with instrumental measurements were used as tools in fruit
topping evaluation, quality optimisation and standardization. Achieved quality of fruit topping
with raspberries, as final product, were confirmed after consumers evaluation its acceptability
when consumed with vanilla ice cream. The final formulation for ingredients content,
processing method and quality parameters of fruit topping was determined.
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ABSTRACT
Carob (Cerationa siliqua L.) is an evergreen shrub or tree in the pea family, Fabaceae, native to the
Mediterranean region and cultivated for its edible pods. It represents a health-promoting ingredient of
feed and food products with high content of dietary fiber, minerals and vitamins. Carob flour is
processed by crushing dried seedless pods (pulp) which are roasted and milled into fine powder.
In this work wheat flour was substituted with 20% of carob flour and antimicrobial (fungal and bacterial
growth inhibition and consequent shelf-life prolongation) as well as technological, sensory and
nutritional properties of carob enriched wheat bread were evaluated in: a) control bread samples made
of only wheat flour (CON), b) control wheat bread samples with usual 0,4% addition of commercial
preservative (CONP), c) control wheat bread with microbiologically high loaded sugar beet fiber (3%)
(CON-SBF) and two types of bread with 10-20 % of carob flour substitution: d) CON-CAR with 20% of
carob flour and e) CON-SBF-CAR with 3% of sugar beet fiber and 10% of carob flour. For microbial
analyses breads were baked in four repetitions and sampled after 4, 8, 12 and 16 days of storage.
Bacilli and mould inhibitions of CAR samples were similar or even enhanced when compared to
CONP. In contrast, sugar beet fiber samples were highly loaded with moulds and bacilli. Investigated
bread with carob flour had the longest shelf life. The study implied that carob addition to
bakery/confectionary products was capable of preserving technological and sensory characteristics of
the products and significantly improved microbiological stability and prolonged shelf-life of the
products via fungal and bacterial (bacilli) growth inhibition.

Keywords: carob, bread, antifungal activity, antibacterial activity, shelf-life

INTRODUCTION
Bread represents an important part of a balanced diet and wide varieties are available on
market shelves. Shelf life of baked goods depends on physical, chemical and microbial
spoilage. Physical and chemical spoilage is the case for low and intermediate moisture
bakery products, however bread is known as a high moisture product with aw values between
0.96 and 0.98 (Smith et al. 2004). High aw values are associated with microbiological
spoilage. Especially mould growth still represents a problem with high losses to the bakery
industry (Legan, 1993; Corsetti et al. 1998; Smith et al. 2004; Pateras 2007). Losses of
bakery products due to mould spoilage in the industry is as high as 5 %, depending on
seasons, type of products and methods of processing (Saranraj, 2011). Microbial spoilage of
baked products is usually prevented by preservatives. However, with the increasing
consumer demand for stable but natural products without chemical additives, new
antimicrobial active ingredients are highly needed.
Carob flour is processed by crushing, roasting and then milling the seedless carob pods into
a fine powder. Carob flour represents a health-promoting ingredient of different feed and food
products. It contains high levels of carbohydrates and appreciable amounts of proteins with
nutritionally important amino acids (aspartic and glutamic acids, alanine, valine, etc.). It is a
very good source of minerals (Fe, Ca, Na, K, P and S), and vitamins (E, D, C, Niacin, B6 and
folic acid) (Kamal et al., 2013). Carob flour is being acclaimed as an ingredient with a marked
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nutritional value also due to its high levels of dietary fiber and phenolic compounds with
antioxidant activity (Owen et al., 2003; Papagiannopoulos et al., 2004).
Beside the mentioned nutritious properties of carob, carob flour addition could have a
positive impact also on technological characteristics of dough and bread. This could be
especially appreciated in technologically problematic gluten-free products with poor structure
due to lack of gluten. The addition of carob flour to gluten-free buckwheat bread significantly
improved the rheological properties of the dough and also increased the fiber and phenolic
content and nutritional value of the final product (Avbelj et al., 2015). Furthermore, the
addition of higher amount of carob flour resulted in prolonged shelf-life of this product. When
the samples were aseptically withdrawn from the core of the bread, the results showed that a
higher concentration of carob flour addition exhibited reduced growth of Bacillus subtilis and
filamentous fungi in bread (Avbelj et al., 2015).
The results have indicated that carob flour could be a good functional ingredient in bread,
increasing its nutritional value by higher fiber, minerals, vitamins and antioxidants content
and contributing also to the stability of the product.
The aim of this work was to examine whether carob flour addition to bread ingredients
improves the shelf-life of bread by microbial (fungal and bacterial) growth inhibition. The
following types of bread were prepared: a) control wheat bread with only wheat flour (CON),
b) control wheat bread with usual 0,4% of preservative Propi-san addition CONP), c) control
wheat bread with microbiologically high loaded sugar beet fiber (3%) addition (CON-SBF)
and two types of bread with 10-20 % of carob flour substitution: d) CON-CAR with 20% of
carob flour and e) CON-SBF-CAR with 3% of sugar beet fiber and 10% of carob flour. Water
activity of bread slices during incubation and sensory properties were tested as well.

MATERIAL AND METHODS
Dough parameters were measured to gain the knowledge about the incorporated substances
as described by Šoronja-Simović et al. (2016). The combinations were determined according
to the Box-Behnken experimental design, with the following independent variables: quantity
of carob flour (0, 10 and 20% on flour basis), quantity of sugar beet fiber (0, 3 and 6% on
flour basis) and quantity of preservative (0, 0.2 and 0.4% on flour basis). After rheology
experiments were performed (Šoronja-Simović et al., 2016) five interesting samples were
selected (Table 1) and baked in four repetitions: CON - control bread samples made of only
wheat flour, CONP - control wheat bread samples with usual 0,4% addition of preservative
Propi-san (Puratos, active ingredient Ca-propionate (E282)), CON-SBF – control wheat
bread with microbiologically high loaded sugar beet fiber (3%), CAR with 20% of carob flour
and CON-SBF-CAR with 3% of sugar beet fiber and 10% of carob flour.
Table 1. Experimental plan with selected samples
Sample

Independent variables
Sugar beet fibres (%)

Carob flour (%)

Preservative (%)

CON

0

0

0,0

CONP

0

0

0,4

CON-CAR

0

20

0,0

CON-SBF

3

0

0,0

CON-CAR-SBF

3

10

0,0

Bread was baked by the following dough formula: wheat flour (100-80%), carob (0-20%),
sugar beet fiber (0-3%), salt (1%), sugar (5%), yeast (2%), milk powder (2.5%) and bakery
fat (5%). Analyses were performed after 4, 8, 12 and 16 days of baking.
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For microbiological analyses, 10 g of bread core was homogenized (Stomacher, 5 min) with
90 mL of physiological solution (3,4g KH2PO4 in 3M NaOH to reach pH 7,2 in 100mL) in
three repetitions per bread. 100µL of prepared bread solution was pour plated on Dichloran
Rose-Bengal Chloramphenicol Agar (DRBC, Oxoid) and incubated for 7 days at 27 °C for
possible yeast and mould growth, 100µL on Bacillus Cereus Agar (BCA, Oxoid) and
incubated for 7 days on 37°C to test for bacilli. To assess aerobic spore counts, 10ml of
bread solution was added to 100ml autoclaved Plate Count Agar (PCA, Oxoid) cooled to
60°C. Inoculated PCA was subjected to heat shock at 90 °C for 10 min and pour plated on 5
petri dishes, incubated 7 days on 37°C. DRBC, BCA were performed in three repetitions and
PCA was performed in five repetitions. On 7th day of plate incubation, the moulds and
bacteria were counted and radiuses were measured. The level of bacterial and/or fungal
contamination was assessed on the basis of the ratio between overgrown area of petridish
and the area of petridish.
Level of contamination =
Bread slices were cultivated in aseptic environment and loaves were packed and visually
followed for moulds. Additionally, water activity was measured for each bread in three
repetitions.

RESULTS AND DISCUSSION
Table 2. Bread core contamination with moulds, bacilli and aerobic sporogenic bacteria
MICROORGANISM

MOULDS

DAYS

4

SAMPLE

LEVEL OF CONTAMINATION

CON

0

0

0,2

0,7

0

CONP

0

0

0,1

0

CAR

0

0

0

CON-SBF

0

0,1

CON-SBF-CAR

0

0

8

BACILLI
12

16

4

8

SPORES
12

16

4

8

12

16

0

0,2

0

0,6

0,3

0

0

0

0

0

0

0,3

0,5

0,1

0

0

0

0

0,1

0

0,8

0,1

0,2

0

0,4

0,9

0

0,7

1

0,9

0,7

0,7

0,5

0,3

0

0,7

0,1

0

0

0

0,3

0,6

0

0,2

Our results showed that the shelf life of bakery products was mostly limited by mould
growth.The major shelf life limit of backery products is mould growth (Saranraj et al., 2010).
The level of contamination with moulds increased with time as seen in Table 2. On the fourth
day after baking, CON-CAR-SBF and CONP were the only samples showing minimum
contamination, although no sigificant contamination was noticed for all samples (<0,09). On
the 8th, 12th and 16th day the most moulds grew on CON-SBF, followed by CON and CONSBF-CAR. CONP exhibited moulds contamination in the core on 12th sampling day, whereas
CAR stayed uncontaminated until the end of experiment . On the last sampling day, CON,
CON-SBF and CON-SBF-CAR samples were highly contaminated. In case of samples with
sugar beet fibers, increased water addition (Šoronja et al., 2016) for dough making might
increase moisture of core and provide better conditions for mould spores to germinate.
These three samples had also the highest water activity on the 16th day. Sugar beet fibres
seemed to be a source of mould spores and slight inhibition of mould growth in initial days in
CON-CAR-SBF might be due to carob addition.
Rope spoilage of bread by Bacillus subtilis and B. licheniformis causes economic losses to
the baking industry (Bailey and Holy,1993). The bacteria in bread samples were mostly
inactivated during the baking process, but still high bacilli contamination was found for
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sample CON-SBF and lower contamination for CON-SBF-CAR samples where reduction
might be also due to carob’s antibacterial characteristics. CON, CONP and CAR plates were
comparable and had low or even no contamination. Nevertheless, there was no Bacillus sp.
detected. The contamination maximum was reached on the twelfth day for CON, CAR and
CON-SBF samples but CONP and CON-SBF-CAR did not have any bacteria in the core.
CON-SBF was the most contaminated sample due to high microbial load of sugar beet
fibers. The contamination of these sample was at least six times higher than in other
samples. Isolated bacteria had unpleasant smell.
Unexpected trend of decreasing of contamination by aerobic spore forming bacteria was
present. On the first sampling day, they were the most on CAR sample and the least were
noticed for sample CON-SBF-CAR and CONP. But on 8th day, distribution changed and the
most contaminated was CON-SBF and the least CAR. In general, CON-SBF samples had
the highest contamination of all samples.
The effect of carob addition on bread stability was the most obvious when visual monitoring
of bread slices as well as packaged bread was performed. The results show that CAR bread
slices exhibited the longest shelf life and started to mould only after 16 days of storage. Clear
slices were selected on the 16th day and left for additional incubation of 6 days (Figure 1). All
slices were rotten with an exeption of CAR sample. Samples were kept in closed plactic bags
until the day of analyses. Some breads were kept in bags for the last – 16th day. During that
time, moulds started to grow on the crust of these breads. Table 3 represents the
contamination percentage of bread crust on the 16th day. Again, carob antimicrobial
properties were detected as it had similar results as the sample with perservative. CONP and
CAR were visibly less overgrown with moulds than CON and CON-SBF and CON-SBF-CAR.

Figure 1. Slices of samples from left to right: CON, CONP, CAR, CON-SBF, CON-SBF-CAR. Top line
th
nd
represents bread slices on 4 day and bottom line 22 day

th

Table 3. Percentage of bread crust on 16 day that was covered with moulds
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Sample

Covered with moulds (%)

CON

50%

CONP

0,1%

CAR

0,5%

CON-SBF

75%

CON-SBF-CAR

60%

CONCLUSIONS
In conclusion, bread with carob flour addition exhibited lower levels of mould contamination
than bread with added preservative. The highest contamination was present in CON-SBF
samples, followed by CON and CON-SBF-CAR samples, respectively. The most bacteria
developed from the core of CON-SBF samples which were highly contaminated on each day
of analyses. Considering bacilli, preservative was slightly better than carob flour, but when
comparing CON-SBF and CON-SBF-CAR, major differences could be seen. Therefore an
idea that carob inhibits also the growth of bacilli cannot subside. Spore forming bacteria are
decreasing in time. It might be that spores are still present after some time and the difference
is that they do not germinate. Carob does not seem to affect the presence or absence of
aerobic spore forming bacteria. Visual monitoring of bread slices and packaged bread
showed similar results. The sample firstly colonized by moulds was CON-SBF and the one
lastly was CAR. CAR exhibited the longest shelf life, even compared to CONP. Obvious
difference was also in the percentage of moulds on the bread crust. The most overgrown
was CON-SBF, followed by CON-SBF-CAR and CON.
When bread is consumed by customers, the first sign of spoilage is visible moulds on the
bread crust. When moulds are present, the bread is not appealing for customer and it is also
not safe. Natural preservative as carob can reduce contamination and enrich the nutritional
value of bakery products.
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ABSTRACT
In recent times there is increased interest in the influence of production systems on plant productivity,
as well as on food quality. The object of present investigation was to evaluate the protein and fat
content in soybean (Glycine max [L.] Merr.) cv. 'ES Mentor' and 'Aligator' harvested in 2015. Samples
were taken from the long-term field trial established in 2007 at the University Agricultural Centre of the
University of Maribor in Slovenia to study the effects of different production systems (conventional
(CON), integrated (INT), organic (ORG), biodynamic (BD) and control (C)) on crop productivity and
food quality. The samples were analyzed at the Institute for Food Technology in Novi Sad, Serbia with
the purpose of evaluating the content of crude protein and fat in seeds, and protein digestibility.
The results indicate that the production system significantly affected the content of protein and fat in
seeds. CON production system resulted in higher crude protein level (43.7% in DM) than alternative
production systems (ORG and BD, 40.2 and 43.2%, respectively). Contrary, the content of crude fat is
significantly lower in industrial farming systems (CON and INT) than in seeds produced at control plots
(C) where no fertilization or plant protection were used. Soybean variety influenced crude protein
content: 'Aligator' with earlier maturity (000) has higher concentration (42.9%). Protein digestibility is
not influenced by the production system, nor soybean variety and is found to be in the range of 94.8 to
95.7%.
This paper presents some preliminary results of an ongoing project conducted at the University of
Maribor aimed to assess the influence of production system on soybean yield and quality.
Keywords: soybean, variety, production system, protein content, fat content

INTRODUCTION
Soybeans are a remarkable source of protein and oil, therefore it is one of the most important
crop in human and animal nutrition. Regarding the genotype, environment and the influence
of agricultural practices, soybean contains between 37.0% and 47.8% protein, 16.9% to
22.8% fat, 30% to 35% carbohydrate and 4.4% to 5.0% of ash. The soybean oil is dominated
by vital polyunsaturated fatty acids, proteins are of high nutritional value, and it is a good
source of particular minerals and vitamins, as well as isoflavones, fitoestrogens and
flavonoids (Liu, 1997; Bavec and Bavec, 2006; Bellaloui et al., 2011, Sena and Seiça, 2011).
Interest in organically produced food is increasing throughout the world in response to
concerns about conventional agricultural practices, environment, food safety and human
health. Most of comparative research on the chemical composition focuses on fruits,
vegetables and certain crops (Dangour et al., 2009; Brandt et al., 2011; Rembiałkowska et
al., 2012). Only one comparative research that addresses soybean (Balisteiro et al., 2013)
has been found in the scientific data bases.

MATERIAL AND METHODS
Soybean (Glycine max [L.] Merr.) cv. 'ES Mentor' (00 maturity group, Saatbau Linz) and
'Aligator' (000 maturity group, Agrosaat) were grown in 2015 in a long-term field trial at the
University Agricultural Centre of the University of Maribor in Pivola near Hoče (46°28′N,
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15°38′E, 282 m a.s.l.) in Slovenia. The annual mean air temperature of the area is 10.7 °C,
and the average annual rainfall in the area is around 1000 mm. The trial was established on
a dystric cambisol (average pH value 5.5 in 0.1 KCl solution, soil soluble P of 0.278 g/kg and
soil soluble K of 0.255 g/kg in top soil layer). In 2007, when the trial has started, twenty plots
(2.4×7 m) were randomly assigned to five production systems in four replications per system.
The farming systems mostly differed in plant protection and fertilization strategies. The
following farming systems were involved: conventional farming (CON) according to the
Slovene agriculture act and good agricultural practice, integrated farming (INT) according to
Slovene standards for integrated farming, organic farming (ORG) according to the European
Commission Regulation on Organic Farming, and biodynamic farming (BD) according to
Demeter International Production Standards and European Commission Regulation on
Organic Farming (Bavec et al., 2010). In the control treatment (C) no fertilization or plant
protection was used. Differences in fertilization and plant protection among production
systems in 2015 are fully presented by Meglič (2016).
Soybean seeds harvested on individual plots were mixed into two samples. The first sample
was a mixture of field replications one and two, and the second sample of field replications
three and four.
The samples were analysed at the Institute for Food Technology in Novi Sad, Serbia with the
purpose of evaluating the moisture, crude protein, protein digestibility and crude fat. Each
sample was analysed in two replications according to the Serbian official methods for
sampling and analyzing of fodder (Official Gazette of SFRY, No. 15/87). Moisture was
determined by Method No. 6, crude protein by Kjeldahl procedure (Method No. 7), nitrogen to
protein conversion factor was 6.25. Crude fat was determined according to the Soxhlet
method (Method No. 12). Protein digestibility was determined according to AOAC 7.0487.054.
Obtained data were subjected to an analysis of variance (ANOVA) using Statgraphics
Centurion XV (Statgraphics®, 2005) to ascertain significant differences between treatments
(P < 0.05). Differences between means were revealed by Duncan's multiple range test (α =
0.05). The results are presented as the mean of replications ± standard error of mean (SEM).

RESULTS AND DISCUSSION
The results indicate that the production system significantly affected the content of proteins
and fat in seeds (Table 1).
Table 1. Effects of variety (V) and production system (PS) on crude protein and fat content (% in
DM)in seeds of soybean, and protein digestibility (%)
Crude protein
Protein digestibility
Crude fat
(% in DM)
(%)
(% in DM)
Variety (V)
*
ns
ns
Production system (PS)
**
ns
*
V×PS
ns
ns
ns
Variety
'ES Mentor'
'Aligator'
Production system
CON
INT
ORG
BD
C

41.5 ± 0.48b
42.9 ± 0.46a

95.3 ± 0.22
95.5 ± 0.12

17.3 ± 0.12
17.5 ± 0.23

43.7 ± 0.85a
41.7 ± 0.70ab
40.2 ± 0.37b
43.2 ± 0.70b
42.1 ± 0.63ab

95.5 ± 0.15
95.3 ± 0.45
94.8 ± 0.23
95.6 ± 0.20
95.7 ± 0.22

17.2 ± 0.09b
17.1 ± 0.16b
17.4 ± 0.20ab
17.0 ± 0.19b
18.2 ± 0.46a

**, *, ns: significant at the 0.01, 0.05 probability level and non-significant, respectively
a d
means followed by different letter(s) are significantly different (Duncan, α=0.05)
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CON production system resulted in higher crude proteins level (43.7% in DM) than
alternative production systems (ORG and BD, 40.2 and 43.2%, respectively). Contrary, the
content of crude fat is significantly lower in industrial farming systems (CON and INT) than in
seeds produced at control plots (C) where no fertilization or plant protection were used.
Soybean variety influenced crude proteins content: 'Aligator' with earlier maturity (000) has
higher concentration (42.9%). Protein digestibility is not influenced by the production system,
nor soybean variety and is found to be in the range of 94.8 to 95.7%.
The results indicate that the production system significantly affected the content of proteins
and fat in seeds (Table 1). CON production system resulted in higher crude proteins level
(43.7% in DM) than alternative production systems (ORG and BD, 40.2 and 43.2%,
respectively). A negative correlation between protein and fat accumulation in soybean is well
documented (Wilcox and Shibles, 2001; Popovic et. al., 2012) and is shown also in present
study. Thus, the content of crude fat is significantly lower in industrial farming systems (CON
and INT) than in seeds produced at control plots (C) where no fertilization or plant protection
were used.
Popovic et al. (2012) reported that earlier soybean genotypes had higher protein content,
and those with longer maturity period had higher fat content in seed. Report partlly
corresponds to our findings; variety 'Aligator' with earlier maturity (000) has statisticaly
higher protein concentration (42.9%) than ‘ES Menthor’ (41.5%), but fat concentration is not
influenced by variety (17.5 and 17.3%, respectively).
Protein digestibility is not influenced by the production system, nor soybean variety and is
found to be in the range of 94.8 to 95.7%.

CONCLUSIONS
To enable assessment of the nutritional quality regarding the system of production, wellcontrolled long-term field trials is of particular importance. In this way, present study
comparatively evaluates crude protein content, protein digestibility and fat content in seeds of
soybean as a response to different production systems. The results showed that soybean
grown in alternative production systems organic (ORG and BD) has a lower protein content
than soybean cultivated by the industrial (CON and INT) systems, while fat content and the
protein digestibility are not influenced. This paper presents some preliminary and partial
results of an ongoing national project “Soybean”, thus the study is still ongoing, and
comprehensive results on differences in nutritional quality will be shown in a later publication.
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ABSTRACT
Allium species have been used in the traditional medicine for many centuries as edible and medicinal
plant with broad spectrum of biological activities mainly attributed to the sulfur containing compounds
and phenolic compounds, known for their antioxidant activity. Due to short period of availability of
fresh wild garlic (Allium ursinum L.) during spring season, objective of this study was to investigate
drying possibilities of wild garlic in order to ensure its use during whole year. Selection of adequate
drying temperature allows minimization of total drying time and enables avoiding of negative effects on
composition of thermo sensitive products during drying process. In this study influence of drying
temperature in conventional hot air dryer was investigated in order to preserve health benefits
compounds of wild garlic. Two drying temperature (40 and 60 °C) with constant air flow were applied
and effects of applied temperature was investigated. The changes of quality indicators such as
moisture content, colour change, antioxidant activity and sulphur containing compounds content were
evaluated and compared for different drying conditions.
.
Keywords: drying temperature, color change, health benefit compound

INTRODUCTION
Allium species have been used in the traditional medicine for many centuries as edible and
medicinal plant and consumption of Allium ursinum, wild garlic as wild aromatic plant, is
significantly growing in last few years. The healing properties of Allium ursinum, are known in
traditional medicine, and its health promoting action made it an equally valuable component
in herbalism as common garlic. (Błażewicz-Woźniak and Michowska 2011). Sulfur-containing
compounds of wild garlic are also responsible for its traditional use in terms of culinary
properties. Wild garlic is consumed in salad and used as a spice to prepare traditional
dishes. Besides their culinary uses, leaves are also commonly used in traditional medicine.
The most characteristic constituents in Allium plants are sulfur containing compounds,
responsible for a distinct garlic-like scent and are mainly responsible for potential health
benefits of A. ursinum. Apart of sulfur-containing substances A. ursinum has been also
reported as a good source of phenolic compounds (Gîtin et al. 2014; Tomšik et al. 2015).
Several biological activities as antioxidant, cytostatic, antimicrobial, and antidiabetic were
reported for A. ursinum plant and extracts (Sobolewska, Podolak, and Makowska-Was
2013).
The period of active growth of A. ursinum lasts approximately 3-3.5 months starting in early
spring, between late February and early March forming dense populations known as beach
forests (Sobolewska et al. 2006). Hence, it is essential to find an appropriate preservation
technique that makes A. ursinum leaves available during all the year and in the meantime
allows the preservation of sensory properties of the plant.
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Drying may be an alternative process which ends up with long life product and thus facilitates
the use of this plant in food and pharmaceutical industries. However, no work has been
reported in the literature on the drying of A. ursinum. Selection of adequate drying
temperature allows minimization of total drying time and enables avoiding of negative effects
on composition of thermo sensitive products during drying process (Ben Haj Said et al.
2015). Therefore, objective of this study was to investigate effect of drying temperature on
health benefit compounds of wild garlic and ensure it use during the whole year.

MATERIAL AND METHODS
Herbal material
A.Ursinum was colected during April 2016 in the forest of Fruska Gora moutain and freezed
until the drying.
Drying set-up
Convectional drying was performed in experimental convective laboratory dryer. Drying
temperature was provided by the electric heater (6.4 kW) and monitored by temperature
sensors placed in the trays while the temperature controller was located on the front side of
the dryer. Four trays (440 × 290 mm) were placed in drying chamber and 100 g of fresh wild
garlic was placed on each tray in thin layer. Air flow was constant (1 m/s) at constant
atmospheric pressure.
Chemicals
1, 1-Diphenyl-2-picryl-hydrazyl-hydrate (DPPH), Folin-Ciocalteu reagent, Ellman’s reagens
(DTNB) and Heppes buffer were purchased from Sigma (Sigma-Aldrich GmbH, Sternheim,
Germany). L-cysteine was obtained from Acros Organics (Acros Organics, Geel, Belgium).
All other chemicals and reagents were of analytical reagent grade.
Moisture content
Moisture content was determined by drying samples at 105 °C until constant mass.
Experiments were replicated three times for statistical purpose.
Color measurement
The CIE L* a * b* color coordinates were measured by using MINOLTA Chroma Meter CR400 (Minolta Co., Ltd., Osaka, Japan). The surface color of all samples was measured in
terms of L* (degree of darkness), a *(degree of redness and greenness) and b* (degree of
yellowness and blueness).
Determination of thiosulfinates
Modified Lawson’s method (1995) was used for quantitative determination of total
thiosulfinates in dryed A. ursinum. Dryed and grounded A.ursinum was homogenized in
Hepes buffer (50 mM, pH 7.5) with ratio 1:15. The homogenate was shaken at room
temperature for 15 min to ensure complete enzymatic conversion to thiosulfinates. After 15
minutes homogenate was filtered prior to analysis. The cysteine solution (5mM) was freshly
prepared in 50 mM Hepes buffer. Five milliliters of cysteine solution was added into 1 mL
wild garlic extract and the mixture was incubated for 15 min. Reaction mixture of 1 mL was
diluted to 100 mL. Four-and-a- half milliliters of the diluted solution was incubated in a
cuvette with 0.5 mL 50 mM Hepes buffer (pH 7.5) containing 1.5 mM DTNB. The absorbance
at 412 nm was measured after 15 min (A). For blank pure buffer was used. Results were
calculated according to equation 1 and expressed as allicin equivalent/ 100 g DW.

ctiosulfinates

A 100 / 2 14150

(1)
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Determination of total phenolic content
Dried samples were ground in a blender before the extraction. The dried sample was
transferred to a volumetric flask and methanol, as extraction solvent, was added in ratio 1:10.
Extraction was carried out for 24 h at the room temperature (Tepic et al. 2016). The obtained
extract was filtered under vacuum. Prepared extracts were placed into a glass bottles and
stored at 4 °C to prevent oxidative damage until analysis. In the obtained A. ursinum extracts
content of total phenolics compounds (TP) was determined by the Folin–Ciocalteu procedure
using gallic acid as a standard (Kähkönen et al. 1999). Absorbance was measured at 750 nm
using Janway 6300 spectrophotometar (Bibby Sciencific, France). Content of phenolic
compounds was expressed as gallic acid equivalents (GAE) on dry weigh of A. ursinum (g
GAE/100 g DW). All experiments were performed in three replicates.
DPPH test
The free radical scavenging capacity of dry A. ursinum extracts were determined as
described by Espin et al.(Espín, Soler-Rivas, and Wichers 2000) Different amount of dry A.
ursinum extract were mixed with methanol (95%) and 90 µM 2, 2-diphenyl-1-picryl-hydrazyl
(DPPH) in order to gain different final concentrations of the extract. After 60 min at room
temperature, the absorbance was measured at 515 nm (Janway 6300 spectrophotometar,
Bibby Sciencific, France) and expressed as radical scavenging capacity. Radical scavenging
capacity (%RSC) was calculated by following equation:

%RSC 100

Asample 100 / Ablank

(2)

where: Asample is the absorbance of the sample solution and Ablank is the absorbance of the
control. This capacity was also expressed as the inhibitory concentration at RSC value 50%
(IC50, the concentration of test solution required to obtain 50% of radical scavenging
capacity).

RESULTS AND DISCUSSION
Currently, there is growing interest for developing economically feasible and environmentally
friendly processes for conservation of fresh fruits, vegetables and mushrooms. Shelf-life of
these products is reduced due to high moisture content, which are susceptible to microbial
contamination (Tepic et al. 2016). In order to preserve wild garlic, convective drying with
constant temperature and air flow was applied. Therefore effect of two different temperatures
of 40 and 60 °C was investigated on the content of health benefit compounds in the products
dried until equilibrium moisture content.
Analyzed parameters of dried samples are presented in Table 1. Moisture content for both
samples was satisfying and within the border for aromatic plants and species (Pravilnik o
kvalitetu začina, ekstrakata začina i mešavina začina, 2013). But different time was needed
to reach equilibrium moisture content, approximately 9.5h for temperature of 40 °C and about
3h for temperature of 60 °C. Based on the analysis of the colour parameters it is observed
that green colour is dominant in both samples with slightly more expressed green tone in
samples dried at 40 °C. Total phenols from A. ursinum was investigated by various authors
using different extraction solvent ( Vlase et al. 2013; Tomšik et al. 2015; Lachowicz et al.
2016). In our research methanol as solvent was used and total phenolic content of 10.01 and
9.18 g GAE/100 g DW was obtained at 40 and 60 °C, respectively. Better antioxidant activity
was obtained in sample dried at 40 °C which is in correlation with higher phenolic content.
While there was no significant difference between other analyzed parameters, total
tiosulfinates were approximately 40% lower (0.61 g/100 g DW) in sample dried at 60 °C. As
the thioslufinates are thermo-labile compounds lower content was expected at higher
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temperature. From obtained results, it is obvious that better yield of tiosulphinates is obtained
when temperature of 40 C is used.
Table 1. Differences in composition of dried wild garlic in dependence of applied drying temperature
Drying
temperature [
°C]

W
[%]

TP
GAE/100
DW]

40

8.81

60

7.97

[g
g

DPPH
(mg/ml)

TS
[g
allicin/100 g
DW]

L*(D65)

a*(D65)

b*(D65)

10.01

6.88

1.01

34.89

-6.01

9.67

9.18

6.94

0.61

37.53

-5.91

11.14

CONCLUSIONS
Optimizing temperature of drying process in terms of desirable physico-chemical properties
provides high-quality products with prolonged shelf-life and its further use for food and
pharmaceutical industries. Results in this study indicated that moisture content, total phenols
and antioxidant activity were not significantly different, but total tiofulfinates were affected by
drying temperature and reduced by approximately 40% when higher temperature was
applied. In the dependence of compounds being in the focus of interest (phenols or
tiosulfinates), drying temperature of 40 or 60 °C may be selected. However, even lower
temperature ensure better yield of thiosulfinates, drying at temperature of 60 °C is three time
shorter, therefore larger quantity of herbal material may be dried and cost of drying process
may be reduced. These results also could be further used for scale-up calculation, allowing
further industrial scale drying.
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ABSTRACT
In this study physico-chemical, instrumental and sensory properties of meat, cooked for prolonged
times at low temperatures were evaluated. Three cooking methods (sous-vide, steam cooking –
steaming and dry air cooking – roasting) in cooking chamber Fessman at two temperatures (53 °C and
58 °C) for two durations (3 h or 20 h) were used to thermally treat Longissimus dorsi muscles from
young bulls. The effects of cooking regime (temperature/time) and cooking method on the pH value,
composition (NIR), colour (L*a*b*), texture (Warner-Bratzler shear force), sensory parameters, like
colour, texture, smell and flavour (descriptive analysis), as well as on oxidation rate (peroxide value
and TBA) were studied. Almost all parameters (with exception of shear force) observed on roasted
samples significantly (P >0.05) differed from steamed and sous-vide ones. The significant effect of
heating regime on some parameters such as the rose/done colour on surface, done and rose
appearance on cross-section (instrumentally and sensory evaluated), tenderness and flavour was
observed. The surface of roasted beef is intensively red and there is no notable influence of the
cooking regime on the surface colour. On steamed and sous-vide cooked beef done colour on the
surface prevail. The rose appearance on the cross-section of beef slices is more intense in roasted
samples compared to steamed and sous-vide ones. Based on sensory evaluation the rose colour
shade is most intense in samples cooked for 3 h at 58 °C and the least intense at 53 °C. It is
interesting that the juiciest and tenderest samples were those cooked 3 h compared to 20 h. In
roasted beef samples roasted flavour prevails in contrast to steamed and sous-vide samples, where
the cooked flavour overcomes. In sous-vide and roast samples treated for 20 h noticeable warm over
flavour was appeared. Cooking loss increases with increasing time and temperature. Roasted
samples have the highest cooking loss and sous-vide samples the lowest. Lipid oxidation is more
intense at higher temperatures and longer cooking times; among the cooking methods steamed
samples seem to be the most oxidised.
Keywords: meat, beef, thermal treatment, sensory analysis

INTRODUCTION
Different methods of thermal preparation of meat offer us the diversity in taste, texture,
appearance and other characteristics. Heat treatment of meat at low temperature (below 60
°C) for prolonged time (LTLT) is nowadays used by chefs and in the food service sector
because of improved eating quality. It has been shown that meat is tenderer and has lower
cooking loss during LTLT treatment of both, pork (Christensen et al., 2011) and beef
(Christensen et al., 2012). Christensen et al. (2012) found that texture and juiciness seem to
be the most important attributes when choosing the optimal LTLT treatment since flavour and
colour attributes were less affected by the LTLT treatments.
Sous-vide cooking can be defined as the cooking of raw materials under controlled
conditions of temperature and time, inside heatstable vacuumized pouches or containers
followed by rapid cooling (Baldwin, 2012). This technique is one of possible LTLT methods
used because of its ease and appropriateness for the management of prepared foodstuff,
providing the manipulation of the already cooked food after the thermal treatment with no risk
of microbial contamination, and thus, increasing food shelf-life (Armstrong, 2000). Under
conditions of LTLT in sous-vide meats an intense collagen solubilisation occurs, which in turn
leads to a great formation of gelatin, while the myofibrillar based toughening is still not very
intense (del Pulgar, Gazquez and Ruiz-Carrascal, 2012; Roldán et al., 2013). A done
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appearance of the beef surface was developed with increasing heating time at 58 °C. Since
juiciness and tenderness are negatively correlated, therefore an optimal combination of
temperature and time should be balanced between these two attributes in beef (Christensen
et al., 2012). Both, temperature and cooking time have a large effect on the eating quality of
meat, optimal combination therefore depends on meat species and intended use of meat
(Roldán et al., 2013). Other potential effects of sous-vide LTLT, compared with conventional
cooking, are lower moisture loss, less lipid oxidation derived from the absence of oxygen in
the pouch, modifications of the profile of volatile flavour compounds, and different colour
characteristics (García-Segovia, Andrés-Bello, Martínez-Monzo, 2007; del Pulgar, Gazquez,
Ruiz-Carrascal, 2012).
The aim of the present study was to evaluate the physico-chemical and instrumental
parameters as well as sensorial properties of the beef heat treated at two low temperatures
(53 °C and 58 °C) for prolonged time (3 h and 20 h) in order to obtain further understanding
of how vacuum-cooking (sous-vide) in contrast with cooking in the presence of air (steaming
and roasting, without vacuum pouches) relates to consequences on meat colour, texture,
aroma and degree of oxidation.

MATERIAL AND METHODS
The longissimus dorsi muscle (LD) of six Simental bulls, each aged approximately 18
months, was taken 24 h post mortem from commercially-slaughtered animals. Twenty-four
hours post-mortem the LD muscles from left and right sides of the animal between the 7th
thoracic and 6th lumbar vertebrae were removed and cut into fourteen samples (Table 1).
Raw beef samples looked like steaks thickness of about 10 cm, and were thermally treated
by inside heat-stable vacuumized pouches (sous-vide), by steam (100 % relative
humidity/moist heat) and roasting (dry heat) method, each method to two different
temperatures of chamber, 53 °C ( 1 °C) and 58 °C ( 1 °C). Thermal procedures were
performed in the smoking/cooking chamber Fessmann and lasted 3 or 20 hours, internal
temperature in samples were monitored (not presented in tables). The sample used for a
defined method/temperature/time of thermal treating was taken at random, thus eliminating
the effect of sample location in the muscle.
Table 1. Description of the procedures carried out in the present study for the beef treatment and
sampling (six repeats were carried out)
Location in
Ti
carcass

Time Methods

Steaming
Roasting
Sous-vide
53 °C
Steaming
20 h Roasting
Sous-vide
Raw
Steaming
3h
Roasting (9,5 h)
Sous-vide
58 °C
Steaming
20 h Roasting
Sous-vide
Raw
3h

Left LD
n=6

Right LD
n=6

Group
9
7
14
5
1
11
13
2
8
10
12
6
4
3

Before heat
treatment

After heat
treatment

After
freezing

Sensory properties
Colour
L*, a*, b* values

Share force (TA)
Peroxide value
TBARs
Composition

Sensory properties
Colour
L*, a*, b* values

Share force (TA)
Peroxide value
TBARs
Composition

Composition, pH

Composition, pH

Cooking loss was calculated from the weight of the samples before and after heat
treatment, and expressed as a % of original weight. Two of fourteen samples from each
animal were in raw form used for determination of basic composition and pH values, other
samples were deep frozen at –30 °C ( 1 °C) immediately after vacuum packing. Samples
were stored at –30 °C ( 1 °C) before examination in order to ensure the same initial
conditions, and thawed (16 h at 4 °C (±1 °C) before thermal treatment. pH was measured in
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raw samples directly in duplicate using a spear combined glass-gel electrode (type 03, Testo
pH electrode) with thermometer (type T, Testo penetration temperature probe) connected to
a pH meter (Testo 230, Testo). On raw samples the basic chemical composition has been
made by method based on the use of near-infrared light with the apparatus Food ScanTM
Meat Analyser (FOSS, Denmark). To evaluate the sensory qualities, a panel of four
qualified and experienced panellists in the field of meat products (each panellist in this
experiment takes part in this field more than 20 years) was appointed, with the sensory
properties of coded samples tasted in a standard sensory laboratory. On the basis of a
preliminary tasting, the panel decided in favour of and applied the analytical-descriptive test
(Golob et al., 2005). The analysis was performed by scoring the sensory attributes according
to a structured scale from 0 to 4 points, where a higher score indicated greater expression of
a given property. The sensory profile of the samples consisted of 15 descriptors. The first
block related to the visual attributes, such as done and rose colour on surface and on crosssection (on slice). The second block related to the texture in the mouth, including wetsecretion, juiciness and tenderness. The third block related to the flavour attributes, such as
meaty, cooked, roasted, acidic and warm over flavour (WOF). For the sensory evaluation,
the warm samples were cut as 1-cm-thick slices for the panellists to evaluate. To neutralise
the taste, the panel used the central dough of white bread soaked in tepid lemon-flavoured
water (1%). The L*a*b* colour was evaluated twice, on surface (rind) of heat treated
samples and immediately on the freshly cut surface of slices in order to avoid pigment
oxygenation and surface dehydration. A Minolta CR 200b colorimeter (Illuminant C, 0°
viewing angle) was used to determine the CIE L* (lightness), a* (+/ , red to green) and b*
(+/ , yellow to blue) values. Colour values were measured at four different locations on the
surface and slice. Instrumental analysis of texture was performed by apparatus TAXT plus
texture analyser (Stable Micro Systems, Great Britain) at room temperature (20 °C). Cutting
values (N) were measured in duplicates on heat treated and chilled slices of LD muscle
(across the muscle fibres, 10 10 60 mm) as the resistance of the sample to cutting by the
obtuse shaped blade (Warner-Brazler ''V'' blade, length 10 mm, angle between blade sides
60 , diameter of obtuse point of a knife 1 mm). The operating conditions were: blade speed
–1
50 mm min , penetration into muscle 9.4 mm. Rest of heat treated samples were
homogenised, the thiobarbituric acid reactive substances (TBARs; slightly modified
extraction method by Witte, Krauze and Bailey, 1970) and peroxide number (Chopra and
Panesar, 2010) were determined. The experimental data were evaluated statistically using
the SAS/STAT programme (SAS); according to the general linear model. Statistical model
included the main effects of method of heat treatment (M; roast, sous-vide and steam), heat
treatment regime (T-t; 53_20, 53_3, 58_20 and 58_3) and effect of repetition/animal (6). The
predicted mean values for the experimental groups were obtained using the LSM procedure,
and they were compared at the 5% probability level.

RESULTS AND DISCUSSION
On average, 100 g of wet weight of the beef raw samples contained 74.08 ± 1.10 g of water,
23.58 ± 0.55 g of protein, 4.10 ± 1.26 g of fat and 0.61 ± 0.23 g of collagen. The pHs of all of
these samples analysed here were relatively equalized, 5.55 ± 0.08. It can be said that
samples were homogeneous regarding the composition and pH.
The method of heat treatment significantly changed the colour on surface (rind) of
samples, where roasting with darker colour (lower L* values) compared to sous-vide and
steam treated beef had to be withdrawn (Figure 1). A surprisingly high a* value was found in
roasted beef at regime 53 °C for 3 h compared to other methods and regimes. A duller colour
at the surface of the meat was expected, as with increasing temperature pigment quickly
turns into grey, in dry heat processes it passes into brown due to Maillard reactions
(Christensen et al., 2012).
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The treatment of beef samples in dry heat (roast) only at regime 53_3 significantly changed
the colour on the freshly cut surface of slices (Table 2), which became duller (lower L*
values) and less yellow (lower b* values) compared to sous-vide and steam treated ones.
Their colour became lighter and yellower for lower temperature (53 °C) compared to higher
temperature (58 °C), differences are significant for L* values of roasted samples for 3 h and
for b* values of roasted and sous-vide samples for 3 and 20 h.

Figure 1. Photo of beef samples heat treated for 20 hours at chamber temperature of 58 °C according
methods as steaming (left), sous-vide (centre) and roasting (right)

However, instrumental colour differences of relevance were detected in the sensory
analysis. The sensory evaluation panel found that rose/done colour on surface prevail on
roasted (regardless of regime) and as for steamed and sous vide samples the done
appearance is less expressed. A slightly more pronounced rose colour on cross section (on
slices) in roasted samples was seen than in sous-vide and steamed ones. On average, the
less expressed rose colour on slices was seen on the 53_3 samples, but the most expressed
on the 58_3 samples, which slightly differs from the instrumental measurements, where the
a* parameter describing the red colour the largest values reached at the 53_3 regime and
the lowest at the 58_20 regime.
The method and regime of heat treatment significantly affect the cooking loss (Table 2);
cooking losses are higher in roast compared to sous-vide and steam samples and increased
with increasing temperature and prolonged time. Christensen et al. (2012) reported for
bovine Semitendinosus muscle heated (for 6 h, 17 h and 30 h) at 53 °C and 58 °C relatively
lower (25.1-28.6% vs. 32.0-35.9%) losses as in our sous-vide samples (10.4-14.6 vs. 18.027.2%). Juiciness decreased with increasing heating temperature and time (53_3 > 58_3 >
53_20 > 58_20), while cooking loss increased with increasing heating temperature. The most
juicy samples were prepared by the sous-vide method, following steaming, and the driest are
roasted samples. Wet surface of meat may suggest that more moisture is retained in the
meat during cooking, and thereby the meat may also be evaluated more juicy (Christensen et
al., 2011). But in the present study the intensity of wet surface (wet-secretion, Table 2) and
juiciness did not correlate (r2 = 0.06). The intensity of wet-secretion decreased with
increasing temperature and prolonged time. Sensory evaluated tenderness of beef
increased with prolonged time in roasted beef, in sous-vide and steamed samples
tenderness surprisingly remained on the same level or even deceased with increased time.
Linking between tenderness in methods of heating was seen by descriptive sensory analysis,
but was not approved by instrumentally measured shear force; the exception was tenderer
texture in roasted 53_3 sample compared to steamed and sous-vide ones (33.6 N vs. 47.948.5 N). Hardness (high shear force) was most pronounced in the samples 58_20, 53_20
and 58_3, but the tenderer were 58_3 samples.
Both, temperature and length of heating have a large effect on the production of free radicals
in muscle foods that lead to the oxidation of lipids and proteins, which in turn may cause
undesirable changes in colour, sensorial and nutritive values (Estevez, 2011). The
development of lipid oxidation reactions in cooked meat depends on many factors. Heating
increases lipid oxidation in meat (Conchillo, Ansorena and Astiasaran, 2003), and overall, the
rate of oxidation increases with the temperature (Karastogiannidou and Ryley, 1994),
although the development of this type of reactions also depends on the method and time of
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heating. Broncano et al. (2009) reported huge differences in lipid oxidation values in pork
meat between different cooking methods.
Table 2. Effect of heat treatment method at low temperature for prolonged time (regime) on physical,
chemical and instrumental parameters as well as sensory traits (0-4) of beef
M/T-t
Roast
Sous-vide
Steam
PM(SE)
Roast
Sous-vide
Steam
PM(SE)
Roast
Sous-vide
Steam
PM(SE)
Roast
Sous-vide
Steam
PM(SE)
Roast
Sous-vide
Steam
PM(SE)
Roast
Sous-vide
Steam
PM(SE)
Roast
Sous-vide
Steam
PM(SE)
Roast
Sous-vide
Steam
PM(SE)
Roast
Sous-vide
Steam
PM(SE)
Roast
Sous-vide
Steam
PM(SE)
Roast
Sous-vide
Steam
PM(SE)

53_3
58_3
53_20
58_20
Cooking loss (%)
c
Ab
Aa
Aa
15.3
27.0
34.3
38.0
c
Bcb
Bb
Ba
10.4
14.6
18.0
27.2
b
ABa
Ba
Ba
13.7
21.5
20.5
25.1
**
***
**
Ns(3.6)
(5.3)
(2.8)
(4.8)
Peroxide Number
A
0.85
2.24
1.09
1.57
B
1.47
0.91
1.68
1.75
b
Bb
b
a
0.65
0.75
0.78
1.55
*
Ns(0.94) (1.34)
Ns(1.01) Ns(1.94)
L* value
Bc
a
Bb
Ba
45.30
57.69
55.47
57.87
Ab
a
Aa
Aa
53.63
56.93
58.35
59.54
Ac
b
Ab
Aa
55.89
58.21
58.31
60.18
***
***
***
(4.52) Ns(2.53)
(2.09)
(1.40)
a* value
Aa
BAb
Ab
Ac
21.23
18.28
18.12
16.57
Ba
Aa
Bb
Bc
19.09
19.28
16.99
15.17
Aa
Bb
Cc
Bc
20.22
17.71
16.09
15.80
***
*
***
***
(1.59) (1.51)
(1.10)
(1.03)
b* value
Bd
b
Bc
Ba
5.66
9.25
8.08
10.37
Ac
b
Acb
Aa
8.46
9.53
9.06
11.33
Ab
b
Ab
Ba
9.10
8.92
9.00
10.78
***
**
***
(1.44) Ns(0.84) (1.00)
(0.67)
Done colour on surface (0-4)
Ad
Ac
Aa
Ab
2,2
2,6
3,2
3,0
Cb
Cb
Ca
Bb
1,1
1,1
1,5
0,9
Bb
Ba
Ba
Bc
1,9
2,4
2,4
1,0
***
***
***
***
(0,5)
(0,2)
(0,3)
(0,2)
Done colour on cross section (0-4)
Bb
Aba
BAc
Aa
0,9
1,1
0,6
1,3
Aa
Bb
Bb
Bb
1,6
0,5
0,4
0,5
Aa
Bc
Ab
Bc
1,8
0,5
0,8
0,5
***
***
*
***
(0,5)
(0,3)
(0,4)
(0,2)
Wet-secretion (0-4)
Ba
Bb
Bc
Bc
1,6
0,9
0,5
0,5
Aa
Ab
Ac
BAd
2,9
2,5
1,4
0,6
Aa
Ab
Ac
Ad
3,0
2,3
1,2
0,8
***
***
***
*
(0,5)
(0,6)
(0,5)
(0,3)
Tenderness (0-4)
Bb
Aa
Bb
Aa
2,6
3,4
2,6
3,4
Aa
Aa
Aa
Bb
3,4
3,3
3,3
2,8
Aa
Bb
Aba
Aa
3,2
2,9
3,2
3,3
***
***
***
***
(0,5)
(0,3)
(0,3)
(0,3)
Cooked flavour (0-4)
Ba
Bb
Cc
Bc
1,9
1,0
0,3
0,3
Abc
Ac
Aba
Aa
2,9
2,7
3,1
3,2
Ab
Ab
Bb
Aa
2,8
2,8
2,9
3,2
***
***
***
***
(0,3)
(0,5)
(0,2)
(0,5)
Warm over flavour (0-4)
Ac
Ab
Bcb
Aa
0
0,3
0
1,9
Ab
Bb
Ba
Cb
0
0
0,3
0
Ab
Bb
Aa
Ba
0
0
1,4
1,0
**
***
***
0
(0,3)
(0,6)
(0,7)

pT-t(SE)

53_3
58_3
53_20
58_20
Shear force (N)
***
Bb
b
a
a
(3.6)
33.6
37.9
51.9
47.3
***
Aa
b
a
ba
(5.5)
47.9
35.2
47.2
43.9
**
A
(4.6)
48.5
37.4
48.0
44.1
***
(12.9) Ns(11.0) Ns(22.3) Ns(23.5)
TBARs
Cb
Aa
Ba
Ba
Ns(1.37) 0.11
1.07
0.82
1.00
Bb
Bb
Aa
Aa
Ns(1.72) 0.51
0.68
1.19
1.33
**
Ac
Ab
BAb
Aa
(0.66) 0.65
1.00
0.95
1.57
***
**
*
***
(0.12) (0.30)
(0.30)
(0.32)
L* value, surface
***
Ca
Ca
Bb
Bb
(2.74) 29.88
29.06
23.04
23.07
**
Aa
Aa
Ab
Ab
(4.65) 53.22
52.68
46.23
47.47
***
Ba
Bb
Ab
Ab
(2.71) 51.29
47.13
45.67
45.28
***
***
***
***
(1.48)
(3.70)
(4.48)
(4.36)
a* value, surface
***
Aa
Bb
Ac
Bd
(1.42) 22.15
13.03
9.13
7.92
***
Ba
Ab
Ac
Ab
(2.14) 17.75
14.57
8.75
12.89
***
Ca
Cb
Bc
Cc
(1.64) 14.04
8.86
5.52
5.74
***
***
***
***
(1.87)
(1.88)
(2.02)
(1.35)
b* value, surface
***
Cb
Ca
Cc
Bc
(0.90) 8.69
9.95
3.05
3.40
***
Ab
Ab
Aa
Aa
(1.08) 13.75
13.16
15.38
15.27
***
Bc
Bd
Bb
Aa
(1.11) 12.73
10.85
13.86
15.03
***
***
***
***
(0.82)
(0.95)
(1.18)
(1.20)
Rose colour on surface (0-4)
***
Aa
Ab
Aa
Aa
(0,2)
4,0
3,8
4,0
4,0
**
B
B
B
B
(0,4)
0
0
0
0
***
B
B
B
B
(0,4)
0
0
0
0
***
***
***
***
(0,0)
(0,2)
(0,0)
(0,0)
Rose colour on cross section (0-4)
***
Ac
Aa
Cd
Ab
(0,4)
1,6
2,4
1,3
2,0
***
Bcb
Cc
Ba
Cb
(0,3)
1,0
0,9
1,7
1,3
***
Bc
Bb
Aa
Bb
(0,3)
0,7
1,5
2,0
1,4
***
***
***
***
(0,4)
(0,4)
(0,4)
(0,2)
Juiciness (0-4)
***
a
b
Bc
Bd
(0,5)
3,1
2, 6
2,1
0,9
***
a
b
Ab
Ac
(0,5)
3,1
2,6
2,7
2,0
***
a
a
Bb
Ac
(0,5)
2,8
2,8
2,3
1,9
***
***
Ns(0,5) Ns(0,4)
(0,4)
(0,5)
Meaty flavour (0-4)
***
Bc
b
Aa
Bb
(0,5)
2,4
3,0
3,3
3,0
***
A
B
A
(0,4)
3,1
3,0
2,9
3,2
*
Aa
b
Bba
Aa
(0,4)
3,1
2,9
3,0
3,2
***
***
**
(0,4) Ns(0,3)
(0,3)
(0,2)
Roasted flavour (0-4)
***
Ac
Ab
Aa
Ab
(0,4)
1,1
2,9
3,2
2,9
*
Ba
Bba
Bb
Bb
(0,5)
0,4
0,1
0
0
***
C
B
B
B
(0,3)
0
0
0
0
***
***
***
***
(0,3)
(0,4)
(0,2)
(0,4)
Acidic flavor (0-4)
***
b
a
Bb
b
(0,5)
0,4
1,0
0,2
0,3
**
A
(0,3)
0,7
0,7
0,8
0,4
***
B
(0,6)
0,7
0,8
0,3
0,6
***
Ns (0,5) Ns (0,6)
(0,4) Ns (0,5)

PT-t(SE)
***

(16.0)
(18.5)
Ns(19.6)
*

***

(0.31)
(0.30)
***
(0.32)
***

***

(1.87)
(5.18)
***
(4.65)
***

***

(1.40)
(2.58)
***
(1.34)
***

***

(0.76)
(1.43)
***
(1.16)
***

**

(0,2)
-(0,0)
-(0,0)
***

(0,3)
(0,5)
***
(0,3)
***

***

(0,5)
(0,5)
***
(0,5)
***

***

(0,2)
Ns(0,4)
*
(0,3)
***

(0,4)
(0,4)
-(0,0)
*

***

(0,4)
Ns (0,6)
Ns (0,6)

SE, standard error of mean. M, method of heat treatment. T, temperature. T, time. Means with different small letters (a, b, c, d)
within each row are significantly different (P ≤0.05; differences between the regimes). Means with different capital letters (A, B,
C) within each column differ significantly (P ≤0.05; differences between methods of heat treatment). Significance: *** P
** P
P
P > 0.05.
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In our study formations of hydroperoxides (peroxide number) and thiobarbituric acid reactive
substances (TBARs) increased with the temperature and time of heating. TBARs are the
highest in beef 58_20 and the lowest in 53_3; of all observed methods roasting is preferred,
followed by sous-vide and steaming. In addition to these compounds, oxidation of lipids leads
to formulation of some volatile substances, which impart off-flavours in oxidised meat and
meat products, and have also become used as indicators of lipid oxidation (Shahidi and
Zhong, 2010). Where the TBARs were high (the steamed and roasted samples at 58 °C for
20 h) noticeable differences in the warmed-over flavours were seen.
The panel found that roasted flavour prevail on roasted samples (regardless of regime) and
as for steamed and sous vide samples the cooked flavour (associated with broth, clear soup)
is more expressed. In beef, method of heat treatment had the main impact on the increasing
intensity of meat flavour, while effect of regime on the increasing intensity of meat flavour
was less obvious (Table 2). Slightly expressed acidic taste was found in all beef samples.

CONCLUSIONS
The present study evaluated the physico-chemical parameters and sensory properties of
LTLT treated beef heated at low temperature (53 °C and 58 °C) for prolonged times 3 h and
20 h. Vacuum-cooking (sous-vide) and steamed beef in contrast with beef roasted in the
presence of dry air showed significantly less expressed done appearance and rose colour of
meat surface, expected and comparable tender texture, meaty and cooked flavour and
slightly more expressed degree of oxidation (higher TBARs). As Christensen et al. (2012)
stated for choosing the optimal low temperature for prolonged time conditions, a balance
between tenderness and juiciness should be taken into consideration.
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ABSTRACT
White brined cheeses are the most widely produced and consumed cheeses in Serbia. Zlatar
cheeses, produced by traditional method, belong to this group and are characterized with
geographical sign of origin at the national level. However, it is possible to find many similar cheeses
on the market labelled as Zlatar cheeses which are not produced according to defined rules.
In order to define quality parameters and to investigate possible adulteration, composition (dry matter,
milk fat and proteins content), textural properties as well as proteolysis profile of 20 cheese samples
collected on market and one authentic cheese were analysed.
The evaluation of cheese textural properties (firmness, cohesiveness, gumminess, elasticity and
chewiness) was carried out using a texture profile analysis (TPA) technique. Proteolysis was
investigated by determination of water soluble nitrogen fraction expressed as total nitrogen (ripening
index).
In order to investigate similarities/differences between samples principal component analysis (PCA)
and distance based analysis was conducted.
Analysis has shown that some samples deviate significantly from original Zlatar cheese, which
indicates the possibility of adulteration.
Ripening index of original Zlatar cheese is much higher indicating that many samples are being placed
on market before the end of ripening time, probably due to economic reasons. Also, according to the
fat in dry matter content (FDM), the cheese-milk is eventually often skimmed before cheese making
process. For this reason it is necessary to introduce more comprehensive control of products with
labels of origin.
Further analysis of higher number of Zlatar cheese samples from the market would support more indepth investigation and enable defining precise quality parameters.
Keywords: Zlatar cheese, texture, proteolysis, authenticity, adulteration

INTRODUCTION
Traditional food, including cheeses, is a result of accumulated empirical knowledge passed
from generation to generation and represents a cultural heritage of the country. Production
and consumption of different cheeses has a long tradition in Serbia (Dozet et al., 1996,
Maćej et al., 2006). The most important cheese family in Serbia, representing 60% of
consumption, is white brined cheeses (WBC) (Dozet et al. 2006). Zlatar cheese is very
famous WBC produced mainly in households and small craft dairy plants in south east part of
Serbia on Zlatar mountain. Traditional cheeses are characterized with unique composition
and properties that are associated to the territory of their origin including the production
methods, climatic conditions, habits, environmental conditions, etc.
In last 20 years, special attention was given to the protection of origin of different traditional
food, including cheeses, which are connected with some specific regions. EU Regulation (No
1151/2012) defines all terms and different levels of food origin protection such as PDO
(Protected Designation of Origin), PGI (Protected geographical indication) and TSG
(Traditional specialty guaranteed). These terms identify the value of food in specific region
and clearly define quality and authenticity of such products. National regulation in Serbia was
introduced in 2010 (No. 18/2010) and it is in accordance with EU regulation.
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The use of corresponding symbols on the labels of specific food products encourage the
diversification of agricultural production, protect the product names from misuse and imitation
and provide consumers with clear and concise information on their origin. The introduction of
these terms also benefits the rural economy, since it boosts farmers' income and maintains
the population in less favored or remote areas.
Zlatar cheeses are protected with sign of geographical origin on a national level according to
domestic Regulations (2012). They usually have higher prices on market compared to other
WBC, but their significance is still only local and they have been left out of the world market.
Moreover, the production procedure of this cheese may differ greatly, yielding products of
uneven quality with wide variations in composition and characteristics. High price of such
cheeses, and the label that they bear, prevents the proper positioning of the authentic Zlatar
cheese on the market.
The aim of this study was to analyse quality parameters such as composition (dry matter,
milk fat and protein content), textural properties as well as proteolysis profile of 20 cheese
samples collected on market and one authentic Zlatar cheese in order to compare and
investigate possible adulteration.

MATERIAL AND METHODS
Twenty cheese samples were randomly taken from the market, along with the control sample
(C), taken from the recognized producer of Zlatar cheese. Samples were analyzed in terms
of composition (dry matter, milk fat and proteins content), and texture (hardness, elasticity,
cohesiveness, gumminess and chewiness).
Cheese quality parameters were determined according to the following methods: pH – with
digital pH-meter), dry matter content - standard drying method (IDF, 4A:1987); fat content Van Gulik method (IDF 5B:1986); protein content - Kjeldahl method (IDF, 20-1:2014);
Kuchroo and Fox (1982) procedure was followed for the extraction of the water soluble
nitrogen fractions (WSN); FDM (fat in dry matter), MNF (moisture in non-fat solids), PDM
(protein in dry matter) and RI (ripening index=WSN 100/TN) were calculated. All analysis
were done in duplicate.
The evaluation of cheese textural properties was carried out using a texture profile analysis
(TPA) by Texture Analyser TA.XTPlus (Stable Micro System, Surrey, UK) with compression
cell in capacity of 5 kg, using spherical probe (P/1s). Cheese samples (3 x 2 x 2 cm) were
compressed by 30% of the initial sample’s height. The speed of the probes was 2 mm/s, with
trigger force of 2.5 kg.
In order to investigate similarities/differences between randomly used sample principal
component analyses (PCA) was conducted by R statistical software (R Development Core
Team 2014).

RESULTS AND DISCUSSION
Chemical composition, ripening index and pH of 20 cheese samples from market and
authentic Zlatar cheese (Z0) are presented in Table 1. According to the regulation, Zlatar
cheeses belong to full fat cheeses, meaning that they have to have minimum 50% FDM.
However, our results show that four samples (Z9, 10, 12, 20) had FDM less than 45% and
belong to group of semi fat cheeses (Pravilnik, 2014). These results indicate that milk was
skimmed before cheese making process which is not in agreement with defined
technological procedure.
MNF content was more than 67% for all cheeses indicating that they belong to group of soft
cheeses. pH of Zlatar cheeses were in broad interval from 4.30 to 5.22, while pH of authentic
Zlatar cheese was 4.5. Terzic-Vidojevic et al. (2007) showed significant decrease of pH
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during ripening of Zlatar cheese. Literature data about WBC composition are usually very
variable due to uneven technological procedure, ripening parameters, milk composition etc.
(Maćej et. al., 2006, Hayaloglu et al., 2002, 2008).
Table 1. Chemical composition, ripening index and pH of Zlatar cheeses
Sample
FDM (%)
MNF (%)
PDM (%)
Z0*
58.65
70.49
34.37
Z1
56.08
73.19
37.26
Z2
55.36
71.66
33.53
Z3
49.86
72.86
36.70
Z4
56.32
72.75
35.03
Z5
53.13
70.98
33.17
Z6
51.52
74.98
33.12
Z7
45.53
71.93
32.69
Z8
49.25
76.22
53.70
Z9
39.16
72.58
48.20
Z10
44.56
78.04
53.09
Z11
48.69
73.66
34.75
Z12
37.62
77.39
47.43
Z13
58.23
76.08
35.27
Z14
48.59
73.55
33.16
Z15
54.90
71.14
32.02
Z16
49.93
68.33
33.62
Z17
49.13
69.06
37.04
Z18
58.73
76.57
37.54
Z19
52.18
71.06
41.73
Z20
41.37
68.89
42.08

RI (%)
37.49
20.71
16.45
7.85
14.11
20.80
15.09
24.57
9.26
10.29
14.62
16.34
12.90
11.10
14.39
16.22
11.86
13.74
15.71
14.35
12.84

pH
4.50
4.83
4.70
4.30
4.51
4.37
4.93
4.74
4.33
4.96
4.69
4.79
5.22
5.00
5.08
5.01
5.04
4.96
5.00
4.54
4.81

* Z0 – authentic sample of Zlatar cheese; Z1 – Z20 – cheese samples obtained from market

Table 2. Textural properties of Zlatar cheeses
Sample Hardness
Elasticity
Cohesiveness

Gumminess

Chewiness

Z0*

1829.14

0.89

0.63

1137.42

1012.26

Z1

309.68

0.90

0.60

189.66

168.90

Z2

703.52

0.87

0.62

436.21

380.46

Z3

211.26

0.01

0.03

164.11

131.46

Z4

720.42

0.75

0.49

358.61

269.78

Z5

779.57

0.83

0.61

472.42

390.17

Z6

494.76

0.89

0.68

333.48

295.73

Z7

610.44

0.62

0.30

183.32

114.69

Z8

1796.65

0.76

0.38

696.18

517.55

Z9

1319.21

0.91

0.75

989.99

903.24

Z10

672.43

0.89

0.65

435.73

388.33

Z11

666.15

0.85

0.65

429.57

366.80

Z12

565.98

0.92

0.80

455.72

421.39

Z13

257.55

1.04

0.83

211.33

207.06

Z14

789.02

0.80

0.42

328.60

261.80

Z15

757.87

0.91

0.79

599.52

543.23

Z16

497.84

0.92

0.80

400.63

369.39

Z17

960.33

0.89

0.73

694.17

622.77

Z18

323.43

0.56

0.38

121.34

68.46

Z19

430.41

0.87

0.61

262.29

227.42

Z20

639.89

0.93

0.79

506.20

469.2
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According to the regulation, the ripening of Zlatar cheese has to last at least 30 days.
However, our data show that authentic Zlatar cheese has the highest ripening index
(37.49%) compared to the other investigated cheeses. This indicates that Zlatar cheese is
being placed on the market before the end of its ripening time, probably due to economic
reason. Ripening index of cheese samples was within wide interval from 7.85 to 24.57%.
High variability in terms of parameters of proteolysis for WBC was also found in literature,
especially for traditionaly produced cheeses (Barać et al., 2006). Abd El Salam and
Alichanidis (2008) presented that ripening index for WBC is usually within 12 – 20%. The
high RI of authentic Zlatar cheese is probably consequence of autochthonous microflora
developed during ripening.
Textural properties of Zlatar cheeses are shown in Table 2. The biggest differences in
textural properties between authentic and Zlatar cheeses from market were found for
hardness, gumminess and chewiness. There are not many data about texture of white brined
cheeses, but it is generally known that it depends on the composition, especially protein and
fat content, ripening and storage time etc. Also, very important factor influencing the
rheological and textural properties of cheese matrix is pH value.
When pH decreases to the values lower than 5.0, along with the significant protein
demineralization and decrease of hydratation, the hardness of cheese increases and the
elasticity decreases. These textural characteristics are typical for white brined cheeses
(Puđa, 2009).
Figure 1 shows the principal component analysis (PCA) performed with the data gathered
from physico-chemical and textural analysis of cheese samples. From data it is easy to
conclude that authentic Zlatar cheese is very different comparing to cheeses from market.

Figure 1. Principal component analysis of authentic (Z0) and market Zlatar cheeses

CONCLUSIONS
Statistical analysis has shown that some Zlatar cheeses from the market deviate significantly
from authentic Zlatar cheese. Differences between authentic and market Zlatar cheeses are
consequence of FDM and ripening index.
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Further analysis of higher number of Zlatar cheese samples from the market would support
more in-depth investigations and enable defining precise quality parameters. It is also
necessary to introduce more comprehensive control of products with labels of protected
geographical origin.

ACKNOWLEDGEMENTS
This work was supported by the Ministry of Education, Science and Technological
development of the Republic of Serbia grant No 46009.

REFERENCES
Abd El-Salam M.H., Alichanidis E. (2004). Cheese Varieties Ripened in Brine, In Fox P.F., McSweeney
P.L.H., Cogan T.M., Guinee T.P. (Eds.), Cheese. Chemistry, Physics and Microbiology, Vol. 2, 3rd edn.,
(pp. 227–249), Elsevier, London, UK,
Barać, M., Jovanović, S., Maćej, O. (2006). Proteolitičke promene tokoom zrenja autohtonih belih sireva u
salamuri. In Autohtoni beli sirevi u salamuri - Monografija. Faculty of Agriculture, University of Belgrade,
Belgrade, Serbia, 65-86.
Dozet, N., Adžić, N., Stanišić, M., Živić, N. (1996). Autohtoni mlječni proizvodi. Podgorica & Silmir, Belgrade,
Serbia and Montenegro.
Dozet, N.D., Jovanović, S., Maćej, O. (2006). Sirevi u salamuri - mjesto i značaj u sirarstvu. In Dozet, N.,
Maćej, O. (Ed.) Autohtoni beli sirevi u salamuri - Monografija, Belgrade, Faculty of Agriculture, 3-33.
Hayaloglu, A.A., Guven, M., Fox, P.F. (2002). Microbiological, biochemical and technological properties of
Turkish White cheese, “Beyaz Peynir”. International Dairy Journal, 12, 635-648.
Hayaloglu, A.A., Ozer, B.H., Fox, P.F. (2008). Cheeses of Turkey: 2. Varieties ripened under brine. Dairy
Science and Technology. 88, 225-244.
International Dairy Federation (1982). Determination of the total solid content (cheese and processed cheese),
IDF Standard 4A:1986, International Dairy Federation, Brusseles, Belgium.
International Dairy Federation (1986). Cheese, Determination of fat content - Van Gulik butyrometers method,
IDF Standard 5B:1986, International Dairy Federation, Brusseles, Belgium.
International Dairy Federation (2014). Milk and milk products -- Determination of nitrogen content -- Part 1:
Kjeldahl principle and crude protein calculationIDF Standard 20-1:2014, International Dairy Federation,
Brusseles, Belgium.
Kuchroo, C.N., Fox, P.F. (1982). Fractionation of the water–soluble nitrogen from Cheddar cheese: chemical
methods. Milchwissenschaft, 37, 651–653.
Law of geographical origin sign (2010). "Sl. glasnik RS", br. 18/2010.
Maćej, O., Dozet, N., Jovanović, S. (2006). Karakteristike autohtone proizvodnje sjeničkog, homoljskog,
zlatarskog i svrljiškog belog sira. In Autohtoni beli sirevi u salamuri. Faculty of Agriculture, University of
Belgrade, Belgrade, Serbia, 33-63.
Official journal of the Europen Union (2012). Regulation (EU) No 1151/2012 of the European Parliament and
of the Council of 21 November 2012 on quality schemes for agricultural products and foodstuffs.
Pravilnik o kvalitetu proizvoda od mleka i starter kultura (2014). “Sl. glasnik RS”, br. 33/2010, 69/2010,
43/2013 – dr. pravilnik i 34/2014.
Puđa, P. (2009). Tehnologija mleka 1 Sirarstvo – opšti deo. Poljoprivredni fakultet, Univerzitet u Beogradu.
Terzic-Vidojevic, A., Vukasinovic, M., Veljovic, K., Ostojić, M., Topisirović, Lj. (2007). Characterization of
microflora in homemade semi-hard white Zlatar cheese. International Journal of Food Microbiology 114,
36-42.
The Intellectual Property Office of Republic Serbia (2012). Elaborat za zaštitu oznake geografskog porekla
„Zlatarski sir“.Udruzenje stocara „Uvacka reka“, No. G-64/12.

661

III International Congress “Food Technology, Quality and Safety”

THE MESSAGE FROM THE EU FP7 PROJECT »TRAFOON«, TRADITION TO OR
FOR INNOVATION: IS THIS ACHIEVABLE?
1*

2

2

2

4

3

Peter Raspor , Mirjana Pešić , Viktor Nedović , Tanja Petrović , Radosav Cerović Djuro Kutlača ,
3
1
Dijana Štrbac , Sonja Smole Možina
1

Biotechnical Faculty, University of Ljubljana, Ljubljana, Slovenia
2
Faculty of Agriculture, University of Belgrade, Zemun, Serbia
3
Insitute Mihajlo Pupin, University of Belgrade, Belgrade, Serbia
4
Innovation center Faculty Technology and Mettalurgy, University of Belgrade, Belgrade, Serbia
*Corresponding author:
E-mail address: raspor2013@gmail.com

ABSTRACT
The project TRAFOON, »Traditional Food Network to Improve the Transfer of Knowledge for
Innovation« is a 3-years 7FP EU project for improving the transfer of knowledge for innovation in the
field of traditional foods, especially in small and medium enterprises (SMEs). One of the first tasks of
the project partners was to prepare the inventory of needs of national SMEs, which are active in
production, processing and marketing of specific groups of products in the partner countries. Unified
questionnaire was addressed to the producers of traditional products from buckwheat, plum and
raspberry production chain which were selected as a good case of innovative challenges for
combining tradition and innovation for sustainable development of entrepreneurship in the field of
traditional foods. The analysis of the data collected about primary materials production, R&D activities,
processing, packaging, health aspects, marketing and others was done on the principles of SWOT
analysis to support traditional food SMEs, and will interlink researchers, knowledge transfer agents,
and SME associations in 14 European countries to foster the transfer of sustainable innovation and
entrepreneurship in the sector of traditional foods for the benefit of the regions of Europe and the
European consumers.
Key words: traditional food, buckwheat, plum and raspberry, SME, knowledge transfer, SWOT
analysis

INTRODUCTION
The food industry in the EU consists mainly of SMEs and the importance of knowledge
transfer has become essential for EU food industries’ competitiveness (Braun & Hadwiger,
2011). In the European Union, Small and Medium Enterprises (SMEs) of the food sector are
increasingly under pressure due to developing open markets, increasing demand of
standardized and price competitive food products by the consumers, rising importance of
large retailers, and challenges in obeying governmental regulations. This raises the risk of
losing many traditional foods as well as traditional techniques of production, processing,
preservation, and packaging that are applied by SMEs using regional raw materials and often
have a role in the cultural identity of regions. SMEs of traditional foods must extend their
skills in modern as well as competitive marketing and production techniques to comply with
existing European regulations and to promote the aspects of their products related to
nutrition and health (AMBROŽIČ et al 2015).
TRAFOON was established to increase the communication and interaction between
traditional food SMEs, SME associations, and research institutions to improve and increase
the knowledge transfer towards traditional SMEs on different areas of influence/activities
(e.g. food production, food processing, packaging, marketing, labelling, certification,
stabilization of production protocols to assure food quality and food safety, legal issues), and
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to enable research topics that are needed by European food SMEs (Smole Možina. et al
2015)

MATERIALS AND METHODS
At the beginning of the project, the needs of traditional food SMEs in TRAFOON relevant
countries of Europe have been investigated and collected state of the art of their needs
understand as Inventory of Needs. This was based at, four questionnaires, one for each
traditional food category. They were developed including issues from the entire food
production chain, but also questions related to food safety and quality, and entrepreneurship
& legal aspects. All TRAFOON partners contacted the identified SMEs and SME
associations via email/phone/visit, extracting the relevant information for the Inventory of
Needs through the corresponding questionnaire. After extract the needs, SWOT analyses of
the results for each TRAFOON traditional food category were carried out by country and
sector as well. Multi-stakeholder workshops took place between September and October
2014 in Czech Republic, the Netherlands, Poland, Spain, and. Switzerland respectively and
clustered all relevant players as requested by the Project proposal.
The main objectives of the multi-stakeholder workshops were as follows:
1. prioritizing the needs collected in the Inventory of Needs,
2. matching the needs identified in the Inventory of Needs with the available transferable
innovations identified by partners,
3. identifying those needs which do not require in depth research and may be solved
without the development of new research projects, finding the solutions within the
consortium experts, external scientists, or in collaboration with ongoing projects and
4. identifying those needs requiring new scientific approaches to be included as
recommended research lines/initiatives in the Strategic Research and Innovation Agenda
(SRIA).

RESULTS AND DISCUSSION
During 2015 and 2016, based on the results of MSWs, more than 55 Training Workshops
(TWs, http://www.trafoon.eu/training-workshops/) for SMEs have been held in Europe.
During the TWs, the technological, legal, or business-related solutions for these previously
identified needs/demands have been transferred, where specifically trained mediators have
been used to communicate these solutions in the language of the respective countries
(Nedovic, 2016, Petrović et al., 2016, Pešić et al., 2016a, 2016b, RASPOR, P., SMOLE
MOŽINA, 2015 , 2016).
As additional knowledge transfer tool, a multi-lingual online Information Shop
(www.trafoon.org) containing the information gathered and implemented within the
TRAFOON network has been created. This free access online tool includes information (PDF
files, ebooks, audio and video files etc.) about innovations in primary production, processing
and marketing of traditional food using regional raw materials in different languages.
The Information Shop also contains databases of experts and organizations to enable
potential future collaborations and SME-oriented research projects, and includes all
technology/innovation knowledge transferred during the TWs and guidelines for product
innovations in diverse European languages.
If we present two very much relevant areas with great potential for development, by country
Slovenia and Serbia and by product which is relevant for both countries buckwheat and
plums, respectively we can compare results of SWOT analysis to illustrate challenges for
innovation in this fields. The findings which are underlined indicate some similarities between
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buckwheat and plums. However majority of recognised points by the sector is not in the
overlapping cluster. Even more some elements one sector see as strenghts (High quality of
specific varieties recognized on international market) but second one see it as threats
(Quality of raw material). Similar observations was obtained by comparing SWOT analysis
among other countries (Pešić et al. 2015, 2016c, Raspor 2016).
The SWOT analysis for buckwheat sector,
Strengths
Close link to customer
Traditional products
Well handling of current technology/process/ recipes include traditional ingredients
Consumers are aware that quality has a cost,
Advantages of direct sale (from producers to consumers),
Weaknesses
No reliable analytical fast methods for compound analysis and quality measurements
Not feeling free/open to say what they (SMEs) think
Expensive analysis
More strict control, education of the suppliers
Direct labelling of bread
Lack of effective marketing strategies,
Limited interest of the food processing industry towards traditional foods
Opportunities:
New processing
Solution for wasted bread
Marketing/ labelling
Own devices for making analysis (quality of grain)
ECO program - More sustainable for agriculture
Own packaging line, own packaging material
Variety of different/similar products; increase the number of varieties to respond to
the consumers’ request,
Looking for a cost-effective way to meet the needs of both farmers and consumers.
Threats:
Quality of raw material
Safety of raw material (Mycotoxins, Datura)
Cross contamination gluten free /allergenicity
Challenges in hygiene
Energy
GMO pressure (problem with grains in general as consumer concern, not particularly
with buckwheat; this could also be considered as an opportunity for buckwheat, as
long as there are no GM varieties on the market),
Small companies threatened by large ones,
Less attention to quality vs quantity,
The SWOT analysis for plums sector,
Strengths:
• Big potential of human resource and its well trained professionals
• Experience and tradition in innovation in Sweet fruit sector
• Big and diverse potential of domestic raw materials
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•

High quality of specific varieties recognized on international market (raspberry from
Arilje)
Weaknesses:
• Low level of research and development in the companies
• Lack of long-term strategy for development in the companies
• Obsolete equipment
• Lack of continuous education in the companies
• Weak connection of companies with the generators of technologies and knowledge
• Low level of IPR culture
• Lack of marketing skills
• Lack of ICT skills (skill to complete questionnaires)
• Problem with labelling (mostly because of IPR issues)
• Packaging
Opportunities:
• Sweet fruit sector as national priority
• Possibility for IPR protection
• Financial opportunities in IPA (instrument for precessions associations) funds
• Building clusters and networking (Ethno cluster)
• Branding of traditional products
• Trends in health food and organic production
Threats:
• Absence of standardization and harmonization of legal regulations
• Insufficient presence of knowledge and technology transfer institutions
• Distributer, bad cold chain transport
• Retailer, bad storage conditions and payments

CONCLUSIONS
Comprehensive analyse of potential show that switch of traditional food items as well as
traditional technologies from Tradition to innovation is achievable. However, they are
obstacles of financial, technological and social and sociological character which has to be
overcome to bring novelties which will break the market and bring consumers trust of
traditional items which are by definition by consumers understood and accepted as good gift
of nature. To reach that point we will need to solve specific task as indicated in SWOT
comparison for each food item specifically. They are only few tasks which we should
combined and this shall be solved on European level, like, norms, regulations and
certification or Retailers’ power (requirements, regionalism-private regional brands).
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ABSTRACT
This paper examines the oxidative stability and sensory characteristics of traditional fermented
sausage (Petrovská klobása), produced with the addition of commercial starter culture (SC). Batter for
experimental sausages was made from lean pork meat and fat in ratio 80:20. Meat and fat were
minced to 10 mm particle size and mixed with red hot paprika powder (2.5 g/100g), salt (1.8 g/100g),
raw garlic paste (0.2 g/100g), caraway (0.2 g/100g) and crystal sugar (0.1 g/100g), until a
homogeneous composition was achieved. Half of the obtained mixture was inoculated with 15
7
mg/100g of starter culture (about 10 cfu/g) containing Lactobacillus sakei (25%), Pediococcus
pentosaceus (25%), Staphylococcus carnosus (25%) and Staphylococcus xylosus (25%). Other half of
batter was assigned as control. Sausages of SC and control groups were subjected to smoking, drying
and ripening in traditional room. Thiobarbituric acid-reactive substance (TBARS) values and sensory
properties of odor and taste were determined at the end of drying and after 2 and 5 months of storage.
After 5 months of storage TBARS value of SC sausages amounted to 0.47 mg MDA/kg and was
significantly lower (P<0.05) compared to control (0.72 mg MDA/kg). Also, sensory properties of odor
and taste of SC sausages were evaluated with higher score (4.01) in comparison to control (3.86). It
can be concluded that the addition of starter culture can retard lipid oxidation and contribute to the
preservation of desirable sensory characteristics of fermented sausages during long storage period.
Keywords: traditional sausage, starter cultures, lipid oxidation, odor and taste

INTRODUCTION
Petrovská klobása is a traditional dry fermented sausage produced in Bački Petrovac (the
province of Vojvodina, Serbia). This sausage has been produced during winter period for a
long time by a traditional technique without the use of nitrate/nitrite, glucono delta-lactone
(GDL) and bacterial starter’s cultures. It has a specific and recognizable texture, flavor and
taste so it is protected by the Serbian law as a designation of origin at the national level
(Ikonić et al., 2010; Šojić et al., 2014; Šojić et al., 2016). Fermented sausages are products
that contain a high percentage of fat. Fat is responsible for numerous properties of the
fermented sausages. From a physiological aspect, fat is an important source of energy as
well as of essential fatty acids and liposoluble vitamins. Products formed during lipolysis
andlipid oxidation have an important role in the formation of odor, taste and texture of the
final product. However, fermented sausages also show some negative properties as a
consequence of high content of animal fat. Lipolysis is the first step in the process of autooxidation of free fatty acids. Moreover, the oxidative degradation of lipids of meat and meat
products involves the oxidation of unsaturated fatty acids, especially polyunsaturated fatty
acids and cholesterol (Hansen et al., 2004; Zhao et al., 2011). Oxidation can also affect the
nutritional value of food by decomposition of vitamins and unsaturated essential fatty acids
(Zhao et al., 2011; Šojić et al., 2014).
One way to slow down the oxidation of lipids is the use of starter cultures. Bacterial starter
cultures (composed of selected Lactic acid bacteria - LAB and Coagulase Negative
Staphylococci - CNS) are widely used to accelerate the fermentation and ripening process,
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as well as to improve the quality and safety of the final product (Leroy et al., 2010; Essid and
Hassouna, 2013). The protective effect of LAB starter cultures is in relation to pathogenic
and spoilage bacteria through the antimicrobial properties of their metabolites (Leroy et al.,
2006; Ikonić et al., 2011). CNS participate in the development of red color and oxidative
stability of final product. Hence, catalase and superoxide dismutase activities on CNS are
important to decompose the hydrogen peroxide and to prevent lipid oxidation (Leroy et al.,
2010; Barriere et al., 2001).
The aim of this research was to investigate effects of commercial starter culture addition
(Lactobacillus sakei, Pediococcus pentosaceus, Staphylococcus carnosus, and
Staphylococcus xylosus) on oxidative and sensory stability of fermented sausage (Petrovská
klobása) produced in traditional manner.

MATERIAL AND METHODS
Petrovská klobása sausages were manufactured from a mixture of lean minced pork
(80%) and back fat (20%), 2.50% red hot paprika powder, 1.80% salt, 0.20% crushed garlic,
0.20% caraway and 0.15% sugar in traditional manner. Half of the batter obtained was
inoculated with 15 mg/100g of starter culture (SC) (Quick-starter, Lay, Gewirze OHG,
Germany) (about 107 cfu/g) containing Lactobacillus sakei (25%), Pediococcus pentosaceus
(25%), Staphylococcus carnosus (25%) and Staphylococcus xylosus (25%). Other half of
batter was assigned as control. Sausages of SC and control groups were subjected to
smoking, drying and ripening in traditional manner.
The ambient conditions were characterized by low air temperature (average 7.11 ± 3.20 °C)
and high relative humidity (RH) (average 82.6 ± 5.98%) After the drying process, both groups
of sausages were stored in chamber with controlled temperature and relative humidity: 10 ºC
and 75% for five months.
TBARS determination
TBARS (2-thiobarbituric acid reactive substances) test was performed using to the method of
Bostoglou et al. (1994). Spectrophotometer Jenway 6300 (Jenway, Felsted, United Kingdom)
was used. TBARS values were expressed as milligrams of malondialdehyde per kilogram
(mg MDA/kg).
Sensory evaluation of odor and taste
Evaluation was performed according to quantitative descriptive analysis (QDA), using a scale
from 0 to 5, with a sensitivity threshold of 0.25 points (4). Each mark means distinctive quality
level, described as follows: 5 – extraordinary, typical, optimal quality; 4 – observable
deviations or insignificant quality defects; 3 – drawbacks and defects of quality; 2 – distinct to
very distinct drawbacks and defects of quality; 1 – fully changed, atypical properties, product
unacceptable; 0 – visible mechanical or microbiological contamination, atypical product.
Statistical analysis
Statistical analysis was carried out using STATISTICA 12.0 (StatSoft, Inc., Tulsa, OK, USA).
All data were presented as mean value with their standard deviation indicated (mean ± SD).
Variance analysis (ANOVA) was performed, with a confidence interval of 95% (P<0.05).
Means were compared by Duncan’s multiple range test.

RESULTS AND DISCUSSION
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The thiobarbituric acid test (TBARS) is widely used to evaluate secondary lipid oxidation
products in meat and meat products (Pavlović et al., 2014). TBARS values in sausages
during storage are shown in Figure 1.

Different letters abcd mark significantly different means with 95 % probability (P<0.05)

Figure 1. TBARS values in traditional sausage (Petrovská klobása) during storage

Different letters abcd mark significantly different means with 95 % probability (P<0.05)

Figure 2. Sensory properties of odor and taste of traditional sausage (Petrovská klobása) during
storage

At the end of drying TBARS values ranged from 0.20 mg MDA/kg (control) to 0.22 mg
MDA/kg (SC). The obtained results very good corresponded with the literature data for
similar products in the type of fermented sausages (Valencia et al., 2006; Vukovic et al.,
2011).
During storage, there was an increase in TBARS values for both examined groups of
sausages, probably as a result of lipid oxidation (Zhang et al., 2013). After 5 months of
storage, TBARS value in SC amounted to 0.47 mg and was significantly (P<0.05) lower,
compared to this value in control (0.72 mg MDA/kg). The reducing lipid oxidation in
fermented sausages could be attributed to the antioxidative activity of added CNS (Barriere
et al., 2001).
Sensory evaluation of odor and taste in sausages during storage is shown in Figure 2.
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At the end of drying, sensory evaluation of odor and taste between the examined groups of
sausages were not significantly different (P>0.05). After two months of storage, for both
examined groups of sausages, there was a decline in sensory quality of odor and taste. After
5 months of storage, sensory evaluation of odor and taste for SC sausages (4.01) was
significantly higher (P<0.05), compared to control (3.86). The obtained results can be

CONCLUSIONS
Addition of starter cultures influenced the inhibition of lipid oxidation and improvement of the
sensory properties of odor and taste of traditional fermented sausages during long storage
periods (fifth months). Hence, starter cultures could be successfully used as quality enhancer
in traditional sausage (Petrovská klobása).
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