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EVALUATION OF THE ADDITION OF QUINCE SEED OIL CAKE ON THE
TEXTURE AND SENSORY PROPERTIES OF TOAST BREAD DURING STORAGE
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Paunovi¢, Mirjana Demin
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*Corresponding author:
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ABSTRACT

Bread enriched with fruit seed oil cake is an innovation in the food industry, which is increasingly
focusing on the development of functional foods. The use of oil cake as a by-product in food
production is a multifunctional approach that contributes to food safety, sustainability and public
health. By using these nutrient resources, the composition and quality of food can be significantly
influenced, waste reduced and healthier eating habits promoted. The aim of this study was to analyze
the chemical composition, technological and functional properties of quince seed oil cake flour and
the effects of its addition on the freshness and sensory properties of standard toast bread. The oil was
extracted from the quince seeds by cold pressing, and the resulting cake was then ground into flour.
Before being added to the dough, the quince seed oil cake flour was hydrothermally processed. 5 %
and 10 % quince seed oil cake flour were added to the standard recipe for toast bread. The quince
seed oil cake affected the chemical composition of the toast by increasing the protein, lipid, mineral
and moisture content and decreasing the carbohydrate content. The addition of quince seed oil cake
influenced the textural property of hardness and had a positive effect on the freshness of the final
product. The change in freshness was lowest in the Q10 sample with 10 % quince seed oil cake flour
(22.0 %) and highest in the control sample (63.0 %). The greatest negative change during storage
was observed in the crumbliness, while the odor and taste characteristics showed the least negative
changes. After seven days of storage, mold appeared in all samples.

Keywords: quince, oil cake, toast, technological and functional properties, sensory evaluation

INTRODUCTION

Quince seed oil cake is a secondary product after cold pressing that can be used as flour,
protein isolate and protein concentrate, potential source of antioxidants and dietary fiber, etc.
in the food industry and bakery production (Barta et al., 2021). Bakery products offer
immense variety and adaptability, so they can be easily modified depending on the
ingredients available and the desired characteristics. Recently, the food industry has focused
on increasing the health benefits of bread through the addition of bioactive substances. This
approach is not only in line with sustainable food production practices, but also improves the
nutritional quality of the bread, although it poses technological challenges due to the
potential impact on the dough properties and texture of the final product when new
ingredients are added (Guiné, 2022). Texture is the sensory experience of a food's structure
and how it responds to applied forces, combining mechanical, geometric, and surface
properties perceived by the senses (de Paula & Conti-Silva, 2013). When developing food
products, it's crucial to understand customer needs and effectively communicate the
product's value. Therefore, sensory evaluation is an important tool in the new product
development process. Sensory analysis helps to evaluate product quality and assess
consumer expectations and reactions throughout the development process (Swigder &
Marczewska, 2021).

In this study supplementation of wheat flour with 5 % and 10 % quince seed oil cake flour
and it's impact on chemical composition, hardness as texture property, freshness of toast
breads and sensory evaluation were investigated.
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MATERIAL AND METHODS

Material

Wheat flour T 500 (Cekovié mill) was used as the main ingredient for the production of toast
bread and contained 13.74 % moisture, 0.51 % ash, 9.80 % protein, 1.39 % lipid and 74.57
% carbohydrates. Quince seed samples were obtained from a private plantation (Trampling
Cirkovi¢), cold pressed to remove the fats and stored in a freezer. The resulting oil cake
contained 8.07 % moisture, 4.21 % ash, 32.64 % protein, 10.12 % lipid and 44.96 %
carbohydrates. It was coarsely crushed and finely ground with a high-speed grinder
(Delimano, China, MC 343, 200 W) for 30-60 seconds, with at least 50 % of the obtained
particles pass through a 335 um sieve. Other ingredients were yeast (Alfa, Lesaffre), salt
(Solana Tuzla), Softr Premium (Puratos) for dough stability, Propi San (Puratos) as a
preservative for longer freshness and water from the municipal supply.

Toast bread preparation

The finely crushed quince seed flour was mixed with hot water (50°C) in a ratio of 1:2, the
water was absorbed for 30 minutes and made into a sticky, compact cake. This absorbed
water was included in the total amount of water required for kneading. For the standard
dough 58 % water was used, for the Q5 dough 65 % and for the Q10 dough 76 %, which
reflects the water absorption capacity of the quince seeds. Water was added in amount to
produce dough with acceptable handling characteristics. The dough consistency and
stickiness were subjectively estimated by an experienced baker.Other ingredients were
added in an amount of 3,5 % yeast, 2 % salt, 1 % improver and 1 % preservative, calculated
in relation to the total amount of flour. The mixture was prepared in a spiral mixer (Bongard,
France) for 15 minutes in two phases. Up to 90 % of the total amount of water was added in
the first phase and the rest in the second phase, with the flour temperature at 23.4 °C and
the water temperature fluctuating slightly between 21.6 °C and 23.6 °C. During kneading, the
mixer heated the ingredients so that test pieces with temperatures between 29.1 °C and
29.7 °C were formed. The dough was then formed into balls. After 10 minutes of proofing,
the dough for the toasts was divided into 600 g pieces, which were left to proof for a further
10 minutes.

The dough was placed in the molds for the toasts. It was then left to ferment in a proofing
chamber (Bongard, France) at 35 °C and 80 % humidity for 45 to 50 minutes. Baking took
place at 250-260 °C for 30 minutes. After baking, the bread was cooled, sliced and packed in
polypropylene bags. It was then stored at room temperature for 7 days to observe the
changes in textural and sensory properties at 0, 3, 5 and 7 days.

Chemical composition

The moisture, ash, protein and lipid content of the toast bread samples were determined
according to AOAC (AOAC, 2006). The carbohydrate content was determined according to
the formula given in Millar et al. (2019): 100 — sum of moisture, ash, protein and fat.

Texture determination

The textural properties of the toast breads were determined by double compression texture
profile analysis (TPA) using the TAl texture analyzer (Ametek Test & Calibration
Instruments, Texture Analyzer Machine TA1 Series, LLOYD TA 500). A cylinder with a
diameter of 25 mm and a load cell of 50 N were used as part of the analyzer. The toast was
cut into 16 equal pieces of 15 mm thickness using a slicing machine (Graef, Bradford Great
Britain, ABS 07), of which the 4th, 8th, 9th and 13th pieces were analysed in terms of
hardness. Freshness was expressed as a percentage increase in hardness during storage.

Sensory evaluation
The sensory characteristics of the produced breads enriched with different proportions of
guince seed oilcakes were determined on the Oth, 3rd, 5th and 7th day after baking by a



panel of 10 assessors — experts — using the relevant 1SO standards (2023). The evaluation
procedure was carried out according to the instructions in Stikic et al. (2012).

Statistical analyses

Statistical analysis was performed using STATISTICA 12 software, with results expressed as
mean + standard deviation (SD). A one-way analysis of variance (ANOVA) was used to
assess differences between group means. Tukey's HSD test (honestly significant difference)
with a confidence level of 95% (p < 0.05) was performed to determine statistically significant
differences between samples.

RESULTS AND DISCUSSION

Chemical composition

The chemical composition of the toast is shown in Figure 1. The determination of the
moisture content was necessary during the baking and cooling process in order to maintain
the desired quality and extend the shelf life (Rico et al., 2020).
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Figure 1. The chemical composition of control and toast bread with 5 % (Q5) and 10 % (Q10) quince
seed oil cake flour. Similar letters indicate no significant difference at p < 0.05.

The moisture content of the quince seed-enriched bread samples corresponded to the
moisture content of the control sample: the control sample had a moisture content of
34.93+3.49 %, Q5 32.30+0.93 % and Q10 33.02+1.02 % (Figure 1). According to Hassan
and Ali (2014), the moisture content of toast bread enriched with different percentages of
defatted grape fruit albedo flour ranged from 22.65 to 33.50 %, which was within the range of
the results of this study.

The partial replacement of wheat flour with oilseed quince cake flour had a noticeable effect
on the ash, protein and fat content. With the increase in the proportion of quince oil cake
flour, the content of the macronutrients mentioned also increased compared to the control
(Figure 1). The ash content of control, Q5 and Q10 was 1.04+0.18 %, 1.31+0.10 % and
1.49+0.23 %, respectively. Enriching the wheat flour with 10 % quince oil cake flour had the
greatest influence on the ash content.

Baiano et al. (2009) found that toast made from two different types of durum wheat flour
contained 1.56 and 2.54 % ash. Ash content can be considered an indicator of the quality of
the bread as it influences the purity of the flour, the milling process, the color as well as the
texture and taste of the final product (Ismail, 2017). The protein content increased with
higher enrichment of wheat flour. The control had 9.95+£1.33 %, Q5 had 12.16+0.85 % and



Q10 had 12.98+0.58 % proteins (Figure 1). Proteins are essential for the production of toast
as they affect nutritional and structural properties (del Mercado et al., 2021). Zidan (2021)
published that wheat flour toast bread had a protein content of 14.83 %, which was higher
than the results of the present study. Addition of 10 % quince seed oil cake flour had the
greatest positive effect on protein content compared to the control sample.

Although the lipids are only present in small quantities, they play an important role in bread
guality: they stabilize the gas cells during baking and influence the volume, crumb structure
and shelf life (Pareyt et al., 2011). As the proportion of added oil cake increased, the
proportion of lipids increased compared to the control. The lipid content for the control, Q5
and Q10 was 1.07+0.14 %, 1.71+0.25 % and 2.26+0.40 %, respectively. Sadeghzadeh
Benam et al. (2021) reported that toast bread made from wheat flour had a lipid content of
2.03 %, which was higher than the lipid content of the toast bread in this study. The
differences in the results could be explained by different wheat varieties, recipe and toast
production methods. A slight decrease in carbohydrate content was found in toasted breads.
Millar et al. (2019) published carbohydrate values in white wheat bread 54.3 %, which were
close to the results obtained in this research for the same group of compounds. The
carbohydrate content determined in the control was 53.01+£2.66 %, Q5 52.52+2.79 % and
Q10 50.25+2.02 % (Figure 1). Reducing the carbohydrate content of bread and enriching it
with bioactive substances (protein, fiber, antioxidants, phenols) is very popular among
consumers (Mohamed et al., 2006). The differences between the results can be explained
by different types of wheat flour, storage, recipe and bread making condition. Small
differences in the content of this macronutrient could be due to the low proportion of wheat
flour that was replaced by quince seed oil cake.

Texture

For bread, hardness is most commonly determined as the main texture parameter of the
final product, as there is a correlation between the crumb hardness and the consumer's
perception of the freshness of the bread (Carr et al., 2006). The results of toast crumb
hardness during storage on day 0, 3, 5 and 7 measured with the Texture Analyzer and the
freshness, expressed as a percentage increase in hardness, after 7 days are shown in Table
1.

Table 1. The hardness and freshness of toast bread during storage

TOAST BREAD (N
Samples 0 day 3rd day 5th day 7th day Freshness change
during storage after
7 days (%)
Control 2,65+0,16° | 4,19+0,48° 4,26+0,07° 4,32+0,21° 63,02
Q5 3,23+0,21° | 4,62+0,21® | 4,73+0,39% 5,05+0,23" 56,35
Q10 5,02+0,19° 5,51+0,63° 5,56+0,69° 6,12+0,41° 21,91

Q5 —toast bread with 5 % quince seed oil cake flour; Q10 — toast bread with 10 % quince seed oil cake flour.
Similar letters indicate no significant difference at p < 0.05.

The hardness of the fresh samples was statistically significantly different (Table 1). This
quality parameter was influenced by the amount of oil cake added, so that the hardness
increased with the increasing cake proportion and storage time. The same trend was
observed in the samples after the 3rd, 5th and 7th day of storage. In the fresh samples, the
lowest hardness was found in the control (2.65+£0.16 N), while it was 1.9 times higher in the
Q10. In the stored samples, the difference in hardness between the samples with the same
storage period is lower. The highest hardness was measured on the seventh day of storage:
4.32+0.21 N, 5.05+0.23 N, 6.12+0.41 N for the control, Q5 and Q10 respectively. Addition of
10 % quince oil cake showed the lowest change in freshness after the 7-day storage (21.91
%), while the control sample showed the highest change in freshness (63.02 %). The higher
guantity of oilseed cake means less change in the freshness of the toasted bread. The
control and Q5 show the greatest change in freshness after the third day of storage (36.75 %
and 30,09 %, respectively), while Q10 shows the greatest change in freshness between the



fifth and seventh day of storage (9.15 %). According to Nasir et al. (2020), the differences in
firmness correspond to the different degrees of wheat flour substitution, with harder bread
requiring higher force to compresse due to the lower moisture content and the interactions
between gluten and fibre materials. In the study by Nasir et al. (2020), the hardness of wheat
bread was 2.10 N (for fresh samples), which is consistent with the results published in this
study.

Sensory evaluation

The sensory evaluation results of the toast breads tested is shown in Figure 2. After cooling
and stabilization on day 0, the assessors found that the control toast bread had a pleasant
smell and taste, standard appearance and a good chewiness (Figure 2. a). The sample Q5
had a mild odor and taste (score 3.75), high scores for appearance (score 4.23) and texture,
low crumbliness and good chewiness. The sample Q10 had a strong marzipan flavor and a
denser texture, but the increased seed content caused irritation in the palate and throat. This
sample also required more time to chew and swallow.

a) 0 day b 3rd day 0 Sth day
Aﬁ)gearance Apgealanue Appsealanue
Texture/structure g Texture/struct
) 5 /Sin < exture/structure- Texture/structure-

A S lasticity- Aromaftaste /(’: = .

romaltaste c?ué::l;i(;:leyss 2 ‘\3‘5/ \ elasticity-crumbiness Aromaftaste elasticity-crumbiness

|

Aroma/odor Texture/chewiness

Aroma/odor exture/chewiness Aromalodor Texture/chewiness

= CON{T0] ===Q5 ===Q10 e CON{TO] e Q5 e Q10 e CONITO] e Q5 === Q10

Figure 2. Sensory evaluation of control and toast bread with 5 % (Q5) and 10 % (Q10) quince seed oil
cake flour: a) fresh samples; b) after 3rd day, and c) after 5th day of storage.

After the 3rd day of storage at room temperature in polypropylene bags, the toast bread
samples showed reduced freshness. The sample Q5 retained a similar taste and odor to the
control sample and received the highest ratings for appearance and odor (3.75 and 4.23,
respectively). In particular, the sample Q10 showed increased crumbliness, making the
bread harder and more difficult to chew, but with a more pronounced taste. After the 5th day
of storage, the greatest change was observed in the sensory parameters that indicate bread
freshness. The control sample retained the greatest freshness, while the quince seed-
enriched bread samples dried out visibly and showed a lower volume and a sinking in the
middle, which led to lower ratings. The sample Q5 exhibiting an almost imperceptible odor,
but received the highest score for appearance (4.23). The sample Q10 showed a noticeable
reduction in aroma, became particularly crumbly and dry in the middle, difficult to chew and
approached the shelf life limit. After the 7th day at room temperature, the samples became
unusable due to mold growth and excessive dryness. Although the textual properties were
evaluated, the samples were not subjected to further testing or sensory evaluation.

CONCLUSIONS

The replacing part of the wheat flour with quince seed oil cake flour affected the chemical
composition, texture and sensory properties of toasted breads. The bread with 10 % of this
ingredient had better chemical composition, while the sample with 5 % performed better in
terms of texture and sensory properties. The incorporation of quince seed oil cake flour in
toast bread production contributes to the reduction of by-products after quince processing
and to the expansion of the range of bakery products. On the other hand, quinces are not
grown in large quantities in Serbia, so a good long-term plan for the supply of this raw
material is necessary for this product to reach the market and be sustainable.
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ABSTRACT

Nitrites are the most essential synthetic additives and preservatives in the meat processing industry.
They are related to the control of different pathogenic bacteria (e.g., Clostridium botulinum, Listeria
monocytogenes), the development of reddish-pink color and cured flavor, and the delaying of oxidative
reactions (lipid and protein oxidation) in cured meat products. However, these preservatives have
been linked to several health risks, leading to recent regulatory changes. Also, according to “clean
label” trends, customer demand for natural meat products has increased. Hence, scientists and meat
industry processors focus on developing nitrite alternatives. This paper reviews nitrate-containing
vegetable and plant extracts as potential replacements (used entirely or partially) for synthetic nitrites
in manufacturing of cooked meat products.

Keywords: nitrites, cured meat products, nitrosamines, plant extracts

INTRODUCTION

Meat curing is one of the most used methods in the modern meat industry to enhance the
quality and prolong the shelf-life of highly perishable foodstuffs. This process involves adding
salts, nitrites, nitrates, and other ingredients such as sugar, hydrocolloids, phosphates,
spices, and spice extracts (Alahakoon et al., 2015; de Carvalho et al., 2024; Honikel, 2008).
Nitrites (sodium - E250 and potassium nitrite - E249) are registered as allowable food
preservatives in cooked meat products (e.g., sausages and ham). According to EU
legislation: Regulation no. 1129/2011, the addition of nitrites in cooked meat products is
limited to 150 mg/kg (European Commission, 2011).

Also, it should be noticed that the residual nitrites in the final products are lower than the
initially added amount. The reduction of nitrites during processing and storage is probably the
result of NO-myoglobin, microorganisms and enzyme activity, oxidation to nitrate, etc.
(Honikel, 2008; Lotfi & Bryan, 2024; Premi et al., 2024; éojié et al., 2019). These
preservatives are predominantly used to ensure microbiological safety, focusing on inhibiting
C. botulinum and L. monocytogenes growth and delaying oxidative reactions; moreover, they
play a vital role in the formation of a typical cured flavor and typical reddish-pink color for
cured meat products (Melios et al., 2024; Premi et al., 2024).

Regardless, nitrites are noticeably harmful due to the possibility of forming carcinogenic
N-nitroso compounds (NOCs) such as N-nitrosoamines. The finding of NOCs raised
significant safety concerns about using nitrites in cured meat processing (Alahakoon et al.,
2015; Honikel, 2008; Jin et al., 2018; Premi et al., 2024; Zhang et al., 2023).

Nitrosamines can form in the mouth or stomach when foods containing nitrosamine
precursors, such as nitrites and nitrates, are consumed. This reaction occurs through the
interaction of nitrites with secondary amines, which can lead to the formation of nitrosamines
within the digestive system. Additionally, nitrosamines can develop during the processing of
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foods, especially in conditions involving high temperatures and acidic environments, further
contributing to their presence in the final products. Consequently, reducing the residual nitrite
level in meat products can decrease the potential risk of NOCs formation (Zhang et al.,
2023).

According to the numerous investigations, the International Agency for Research on Cancer
(IARC) marked curing meat products as carcinogenic to the humans - Group 1 (Flores &
Toldra, 2021). Concerning these issues, an acceptable daily intake (ADI) of 0.07 mg nitrite
per kg of body weight was set by the Joint Expert Committee of the Food and Agriculture
Organization (JECFA) and the World Health Organization (WHO) that appears to be safe for
healthy newborns, children, and adults (Shakil et al., 2022).

Considering the impact of nitrites on human health, it is essential to note that consuming
vegetables allows for approx. 80% of nitrite sources, while processed meat products contain
only 5%. Also, van Breda et al. (2019) reported that nitrate from drinking water provides
NOCs formation independently of processed meat consumption. Consequently, the
classification report should consider drinking water nitrate levels (Flores & Toldra, 2021; van
Breda et al., 2019). Moreover, some studies have suggested that nitrites have benefit for the
human cardiovascular system. Nitrogen-monoxide (NO), formed from nitrate or nitrite, is
accepted to be one of the chief signaling molecules in the body. Its continuous generation is
essential for the integrity of the cardiovascular system. Recently, an interest in the
therapeutic effect of inorganic NO intake has been enlarged (Bryan & lvy, 2015; Lotfi &
Bryan, 2024).

The “clean labeling® trend, a significant innovation in the food sector, is direct response to the
growing consumer consciousness about the ingredients in their food (de Carvalho et al.,
2024). This trend, which prioritizes the creation of healthier and minimally processed food,
has gained traction by excluding synthetic chemicals (de Carvalho et al., 2024; Zhang et al.,
2023).

As consumer demand for "clean label" products continues to grow, it is vital for researchers
to explore alternatives to synthetic nitrites in cooked meat products (Zhang et al., 2023).
This review article addresses possible replacement of synthetic nitrites by plant based
ingredients including spices, medical herbs, fruits and vegetables.

Alternatives for nitrites in cooked meat products

Several methods have been assessed to find alternatives for synthetic preservatives
(nitrates/nitrites) and enhance the quality and shelf-life of cooked meat products. Usage of
nitrate-containing plant materials is the most dominant method to produce “natural” meat
products without synthetic preservatives (Melios et al., 2024). Celery, spinach, Swiss chard,
radish parsley, and nettle can be natural nitrate sources. Celery is the most widely studied
plant among these plants and has been used commercially because it does not have
negative impact on the sensory properties of meat products (Jin et al., 2018).

During the processing of cooked meat products, the addition of nitrate-containing plant
materials can be approached in two ways. The first method involves the direct addition of all
ingredients (e.g., salts, plants/plant extracts, starter cultures) in the brine or sausage batters.
The second method utilizes the “pre-fermented” or “pre-converted” nitrate-containing plant
material, which has already been treated with a starter culture (e.g., Staphylococcus
carnosus). Adding the starter cultures during processing facilitates the conversion of nitrate
into nitrite. Therefore, optimizing processing parameters is crucial for the successful use of
natural nitrate sources in meat products (Flores & Toldr4, 2021; Melios et al., 2024; Ozaki et
al., 2021).

In different formulations of meat batters, addition of nitrate/nitrite from plant material can also
provide the formation of NOCs. However, different plants, besides significant concentrations
of nitrates, could be reservoirs of phytochemicals, which have strong inhibiting potential
during nitrosation. Consequently, the addition of nitrate-containing plant materials in cured
meats, in some cases, can reduce the endogenous formation of NOCs (Melios et al., 2024).



Several authors examined the application of nitrate-containing plant materials as alternatives
for synthetic preservatives in cooked meat products (Choi et al., 2017; Hwang et al., 2018;
Jin et al., 2018; Riel et al., 2017; Sindelar et al., 2007).

Sindelar et al. (2007) added powder of celery juice in combination with starter culture in
cooked sausages. As a result of this study, sausages treated with celery juice powder
exhibited similar physico-chemical and microbiological quality to those made with sodium
nitrite. In another study, Jin et al. (2018) determined a similar preservative potential of celery
powder (0.8%) in cured meat product. Choi et al. (2017) determined that “pre-converted”
nitrite from red beets (10%) and ascorbic acid, applied in the emulsified sausages, possess
similar antioxidant and antimicrobial potential as synthetic sodium nitrite. Riel et al. (2017)
reported that the parsley extract powder (nitrate > 60 ppm) showed similar antimicrobial
potential against L. monocytogenes as synthetic sodium nitrite, in mortadella-type sausages.
The impact of “pre-converted” nitrites from spinach, lettuce, celery, and red beet (3%) on the
quality and shelf-life of raw and cooked sausages were also determined. Among the obtained
plant materials, spinach exhibited the most power as an alternative to synthetic sodium
nitrite, maintaining the color and delaying oxidative reactions in cooked pork sausage
(Hwang et al., 2018). Kim et al. (2019) reported that “pre-fermented” Swiss chard retarded
lipid oxidation and enhanced the redness of cooked loin ham.

Besides nitrate-containing plants, many natural extracts (e.g., essential oils, oleoresins,
water, and ethanolic extracts) have an antioxidative and antimicrobial potential; hence, they
could be used as potential substitutes for nitrites in cured meat products (Melios et al., 2024).
The level of bioactive compounds (polyphenols, flavonoids, and terpenoids) in plant extracts
is the most important for their preservative potential in the food sector. Principally, plant
essential oils (EOs) attract interest as potential food additives since they are generally
recognized as safe (GRAS) and have broad consumer acceptance (Burt, 2004; Soji¢ et al.,
2020).

Also, it should be noted that the effectiveness of plant extracts depends on many factors
(e.g., climate conditions during plant harvest, physicochemical properties of meat batters,
and interactions among other constituents of meat batters). Moreover, some extracts
possess an intense aroma and inadequate biopotential for further application in the food
industry. Hence, selecting and optimizing extraction technologies are essential for recovering
high-quality plant extracts (Melios et al., 2024).

Several authors determined the application of plant extracts in cooked meat products
(Table 1).

Sweet paprika (Capsicum annuum L.) is one of the most widely used spice in the meat
industry. It is added to enhance meat products' color, aroma, and flavor. Due to its high
content of carotenoids and other bioactive compounds, sweet paprika exhibits some
antioxidant potential. Sweet paprika oleoresins (SPO) are often used to improve the color of
meat products because they show higher thermal stability than ground paprika (Kim & Chin,
2021). Given these benefits, Kim and Chin (2021) explored the possibility of partially
substituting nitrites with SPO to produce cooked sausages. In this study, SPOs were
dissolved in sunflower oil at 1% and 5%. The resulting extracts were dosed at a
concentration of 0.1% as partial substitutes for nitrites in cooked sausages. The results of
this study indicate a significant antioxidant and antimicrobial effect of the added SPOs, as
well as their positive impact on the color of cooked sausages produced with reduced nitrite
content (75 mg/kg). The interaction of nitrite (75 mg/kg) and 0.1% added SPO affected the
final product's shelf-life as in the control sausages, which were produced with an addition of
150 mg/kg sodium nitrite (Kim and Chin, 2021).

Given the well-known protective properties of lipophilic rosemary extracts in meat products,
Abbasi et al. (2023) investigated the potential for partial and complete substitution of nitrites
with rosemary essential oil (REO) in cooked sausages. This study found that REO at a
concentration of 120 ppm reduced lipid oxidation (TBARs test) and the growth of aerobic
mesophilic bacteria in cooked sausages produced without added nitrites.

Additionally, it was found that a combination of REO and nitrites (60:60 ppm) achieved a
similar antioxidant effect as the addition of nitrites alone (120 ppm) in these meat products.
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On the other hand, it is essential to note that the complete substitution of nitrites with
120 ppm REO needs to achieve adequate color formation. Therefore, the authors emphasize
that partially substituting nitrites with this EO is the optimal solution for meeting all quality
criteria for cooked sausages (Abbasi et al., 2023).

The encapsulation process has been increasingly used in recent years to enhance the
functional properties of EOs. Vafania et al. (2019) applied the nanoencapsulation technique
to thyme essential oil (TEO) to improve its antioxidant and antimicrobial potential and to use
it as a partial substitute for nitrites in cooked sausages. Before industrial application, the
encapsulation process was optimized. It was determined that the encapsulate with optimal
physicochemical properties contained nearly 40% of EO and a carrier in a combination of
chitosan and gelatin (1:6). The encapsulate with optimal properties (500 ppm), as well as the
free TEO (1000 ppm), was added to cooked sausages with reduced nitrite content (20 ppm),
while the control sample contained 120 ppm nitrites. The results of this study showed that
TEO, both in its free form and in the encapsulated form combined with reduced nitrite content
(20 ppm), effectively inhibited the growth of C. botulinum, showing similar antimicrobial
potential to the 120 ppm nitrite addition in the control sausages. Additionally, it is essential to
note that adding the encapsulate improved the sensory quality of the final product compared
to the free-form EO (Vafania et al., 2019).

Table 1. Plant extracts as alternatives for nitrites in cooked meat products

Plant material Type of Dose Storgge Effect Reference
extract condition
. . 4°C, DLO . _
Sweet paprika | Oleoresin 0.1% RMG’ (Kim & Chin, 2021)
35 days
4°C, DLO .
Rosemary EO 60 ppm RMG’ (Abbasi et al., 2023)
35 days
4°C, DLO .
Thyme EO 500 ppm RM G (Vafania et al., 2019)
20 days
) 4°C, ;
Coriander EO 0.075-0.150 DLO, (Soji¢ et al., 2019)
Y 60 days RMG
4°C, ;
Peppermint EO 20-60 ppm DLO (Ghat;roallz etal,
30 days )
Peppermint + 4 °C, DLO
tomato EO + SFE 0.150 pl/g RMG’ (Soji¢ et al., 2020)
pomace 60 days
; C1E-RO- 25 °C, ; i
Satureja 7.80; 15;60; (Coutinho de Oliveira
EO DLO
montana L. 31.25 pl/g 30 days etal., 2012)

EO — essential oil; SFE — supercritical fluid extracts; RMG — reducing microbial growth; DLO — decreasing lipid
oxidation

Coriander is an aromatic spice plant with extensive application in the food industry. It is
characterized by a high content of EOs rich in oxygenated monoterpenes, with linalool being
a prominent component (Soji¢ et al., 2019b). To find an alternative to nitrites in cooked
sausages, Soji¢ et al. (2019) used coriander EO (CEOQ) at various concentrations (0.075 -
0.150 pl/g). The authors determined that CEO cannot wholly replace nitrites in meat
products, primarily concerning color formation. However, the combination of nitrites
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(50 mg/kg) and CEO led to a significant reduction in lipid oxidation and the growth of aerobic
mesophilic bacteria. A stable pink-red color was also achieved, which can be attributed to the
synergistic effect of the bioactive compounds from the EO and nitrites with the myoglobin
pigment (Soji¢ et al., 2019b). In this study, using an artificial neural network, it was predicted
that extending the shelf-life of these meat products from 45 to 52 days would be achievable
in sausages with reduced nitrite content (60 mg/kg) to which CEO was added at a
concentration of 0.12 pl/g. The limiting criteria for the sustainability of cooked sausages were
set as: TBARs value (< 0.12 mg MDA/kg), total number of aerobic mesophilic bacteria (< 2.5
log CFU/g), and color (CIEa* > 11) (Soji¢ et al., 2019b). In addition to its application in
traditional medicine, as well as tea and other beverages, peppermint is increasingly used as
a functional ingredient in the food industry (Ghabraie et al., 2016; Soji¢ et al., 2020). This
plant is rich in EO with potent antioxidant and antimicrobial potential (Ghabraie et al., 2016).
For these reasons, Ghabraie et al. (2016) investigated the potential use of peppermint EO
(PEO) as a partial substitute for nitrites in cooked sausages. The PEO demonstrated
antimicrobial potential against E. coli and L. monocytogenes. These researchers partially
substituted nitrites (120 ppm) with 20, 40, and 60 ppm of PEO. The results of this study
indicated that partial substitution of nitrites with 60 ppm of this EO effectively reduced lipid
oxidation (TBARs test) while improving the final product's color (Ghabraie et al., 2016). To
enhance the bioactive potential of PEO, its synergistic effect with supercritical tomato extract,
a by-product of vegetable processing, was also investigated (Soji¢ et al., 2020).

A high content of lycopene characterizes the lipophilic tomato extract. This pigment could
reduce oxidation levels and improve the color of meat products with reduced nitrite content
(Sojié et al., 2020). The results of this study indicate that the synergistic effect of PEO
(0.075 pl/g) and tomato pomace extract (0.075 pl/g) obtained by supercritical fluid extraction
(SFE) contributes to reduced oxidation levels and improved red color formation in cooked
sausages with reduced nitrite content (50 mg/kg) (Soji¢ et al., 2020).

Due to its high content of thymol and carvacrol, the EO isolated from Satureja montana L.
shows significant potential for application in the food industry (de Oliveira et al.,, 2012).
Sausages produced with 0, 50, and 100 ppm nitrites were inoculated with C. perfringens type
A. These authors found that Satureja montana L. EO reduced the growth of C. perfringens,
both in conventionally nitrite-added sausages (100 ppm) and sausages with reduced nitrite
content (0 and 50 ppm). The results suggested that this natural extract could be used as an
alternative for nitrites in cooked meat processing.

CONCLUSIONS

Following the IARC classification of nitrite-cured meat as a Group 1 carcinogen, many
investigators have tried discovering alternative ingredients to replace nitrite or nitrate. Using
nitrate-containing plants in combination with starter cultures could be an alternative to
synthetic nitrites in cooked meat products. There are some appropriate advantages, such as
the removal of E numbers and the opportunity to obtain “clean-label” meat products.
However, nitrites, even at trim levels, pose the risk of generating N-nitrosamines.

Hence, adding plant extracts (e.g., EOs, oleoresins, water extracts) could be another
alternative for nitrites. In this way, the N-nitrosamines are restricted, but, unfortunately, these
natural compounds did not fulfill the preservative effect. Up-to-day investigations have
allowed the partial replacement of synthetic nitrites with different plant materials. The
development of hurdle processing technologies for obtaining natural extracts and their
encapsulation could allow the industrial production of high-quality material for further
application in the meat industry. It is imperative that governments and meat processors
invest in this transition for the future. By taking proactive steps and investing in research and
development, we can collectively steer the meat industry towards a safer and more
sustainable future.
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ABSTRACT

The use of certain waste products in the production of crackers can lead to improved properties and a
higher nutrient content. However, the optimal amount of additives to replace basic ingredients is still
uncertain. The present work aims to determine the optimal amount of tomato pomace in crackers. The
crackers were developed using waste from tomato processing and their physical, chemical, and
sensory properties were evaluated. The study used a selection method to select relevant
characteristics for regression analysis and a second-order polynomial model. A linear programming
algorithm was used to determine the optimal amount of the additive. The results of the study show that
the addition of 9.27% tomato pomace to crackers improves their properties and remains acceptable to
consumers. The optimal amount determined in the study is higher than the amount indicated in the
literature, which allows the addition of 8% tomato pomace in crackers. The higher optimal amount
identified in this work can help to replace more of the main raw materials in the production of crackers.
Keywords: Food waste, Sustainability, Statistical analysis, Optimal quantity, Tomato pomace

INTRODUCTION

The crackers, together with salted bread, grits, pretzels, etc., belong to the group of dry
bakery products with a moisture content of 4 to 9% (Chonova & Karadzhov, 2014). According
to Manley, 2011), there are two types of crackers: unsweetened (fermented and
unfermented) and lightly sweetened (modified with enzymes).

The crackers are characterized by their dry texture, crunchiness and perforated surface,
which makes them a pleasant snack. A major disadvantage of crackers is their relatively high
energy value and low nutritional value. Some potentially harmful compounds are present in
these products, including acrylamide, which is formed at high temperatures and low humidity
during baking in the presence of reducing sugars and some amino acids such as asparagine.
In recent years, there has been an increased interest in adding functional ingredients to
various types of bakery products such as crackers, cookies and bread. Active ingredients
contained in functional foods that are expected to have a positive effect on health should be
consumed in an amount that align with daily food intake standards (Salem et al., 2020). In
addition, functional foods should have the same form as everyday/normal foods, i.e. they
should not be in tablet or capsule form (Sir6 et al., 2008). The food industry generates
millions of tons of waste worldwide, which can be used as a source of important components
such as proteins, dietary fibers, polysaccharides, aromatic compounds or various other
phytochemicals. These biologically active substances can be a functional components in
food, pharmaceutical, cosmetic or other products (Laukova et al., 2016; Quiles et al., 2018).
The use of waste products from food production in the production of crackers leads to the
reduction of waste and the creation of new products enriched with bioactive compounds.
According to Roy et al. (2023), of the total amount of waste products from food production
worldwide, those from fruits are the largest compared to the other waste raw materials.
Research on their use in bakery products is less affected by this.
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According to FAOSTAT (2017), the annual production of fresh tomatoes is about 242 million
tons (Campos et al., 2020). After processing fresh tomatoes into tomato juice, tomato paste
or other tomato products, the waste, commonly referred to as pomace, contains skins/husks,
seeds and a smaller amount of connective tissue (Zuorro et al., 2011).

Tomato pomace is used in various bakery products such as crackers (Ahmad Bhat & Ahsan,
2016; Akubor & Owuse, 2020; Isik & Topkaya, 2016; Tomic et al., 2016) and bread (Nour et
al., 2018). According to the results reported in the cited literature sources, the addition of
tomato pomace at 8% in crackers is acceptable to consumers. The content of protein, ash,
fiber, minerals, total phenols, antioxidant capacity and the color of a and b values of the Lab
color model are increased. The use of tomato pomace in biscuits up to 15% leads to
changes in expansion factor, hardness and color. The investigated influence of 5 to 30%
tomato pomace in bread shows that higher levels of the additive (above 10%) have a
negative influence on the sensory properties, increase the mass and hardness of the bread
and reduce the specific volume. Silva et al. (2023) in their review on the use of tomato
pomace in bakery products pointed out that the addition of different amounts of tomato
pomace in these products has a significant impact on their properties. However, it is still
necessary to determine the optimal amount of the additive to minimize the impact on the
properties of bakery products while ensuring the positive effects of using this waste raw
material. These positive effects include enriching bakery products with fiber and improving
their antioxidant properties (Ahmad Bhat and Ahsan, 2016).

Similarly, Akubor and Owuse (2020) found that the use of tomato pomace can lower the
overall calorie content of the product without compromising its texture and taste. Isik and
Topkaya (2016) recommended an addition of 8% tomato pomace as optimal to maintain
consumer acceptance, while Tomic et al. (2016) pointed out that higher additions (up to 15%)
could negatively affect the sensory properties of crackers.

However, most of these studies focused on relatively low addition levels and there is only a
limited amount of research investigating the potential benefits and challenges associated
with higher levels of tomato pomace. In their review, Silva et al. (2023) emphasize the need
for further research to determine the optimal amount of addition that balances nutritional
benefits with maintaining sensory acceptability.

Given the global increase in fresh tomato production and the generation of significant
amounts of waste, it is important to find efficient ways to utilize it. This study aims to fill the
gap in the existing literature by determining the optimal amount of tomato pomace in
crackers that maximizes nutritional value without compromising product quality.

MATERIAL AND METHODS

Materials

Source data for tomato pomace crackers and the mixtures used for their production are
available in Nakov et al. (2022). The formulation, technology and methods of product
analysis are available in the indicated publication.

Methods

The technological characteristics of the products were used in this development.

Stylized images were created using Inkscape ver. 1.0.1 (https://inkscape.org, accessed
12.07.2024), which is an Open Source Scalable Vector Graphics Editor. Cracker images are
created in vector SVG file format and colored with the averaged color for the respective
sample. For preview in this work, they are converted to bitmap PNG file format.

The methodology for determining the optimum amount of tomato pomace to add to crackers
consists of the following steps:

The color digital images of the crackers were used. They were obtained using a video sensor
of a mobile phone model LG L70 (LG Electronics, Inc., Seoul, Korea). The video sensor is a
VB6955CM (STMicroelectronics International N.V., Geneva, Switzerland). Resolution:
2600x1952 pixels. Pixel size: 1,4x1,4 ym. The images were taken from a height of 20 cm.
Homogeneous lighting is provided by a white dome-shaped part with installed white LEDSs,
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with the greatest intensity of emitted light at 450 nm. Thus, the images of the crackers were
obtained under the same conditions and are comparable.

Color digital images were obtained in the RGB color model, which were converted to the Lab
color model, according to CIE 1976. Color component conversion functions were used at
observer 2° and illuminance D65.

For the color analysis of the crackers with added tomato pomace, a total of 16 color index
values (L, a, b, C, h, YI, WI, BI, SI, CIRG, COL, ClI, ECB, FCI, WL, PACI) were calculated
according to the method of Pathare et al. (2012). These indices provide a detailed insight into
the changes in the visual properties of the product, which are decisive for consumer
acceptance.

The color indices were used according to the color changes they reflect. YI measures the
degree of yellowness. WI quantifies how close an object's color is to white. Bl measures
object browning. Sl represents the saturation or intensity of the color. CIRG shows changes
in green color. COL reflects illuminance or brightness level. Cl quantifies the chromaticity of
an object, specifically the ratio of green-red (a) to blue-yellow (b). The ECB evaluates the
balance between chrominance and brightness. FCI reflects the degree of fading or loss of
color. WL evaluates the level of whiteness. PACI quantifies changes in the green color of an
object.

A data set containing a total of 40 features describing the change in the characteristics of
crackers at different amounts of added tomato pomace was compiled. Table 1 lists these
features.

Data collection: a vector was compiled comprising the physicochemical properties,
antioxidant activity, organoleptic data and color characteristics of crackers with different
amounts of tomato pomace.

Selection of characteristics: The RReliefF method was applied to select the traits that best
described the changes in cracker properties at different addition levels. Traits with a
weighting coefficient above 0.6 were selected to reduce the dimensionality of the data and
focus the analysis on the most important parameters (Vasilev et al., 2021).

Dimensionality reduction: Principal component analysis (PCA) was used to reduce the
number of variables in the feature vector to two principal components that explain over 95%
of the variance in the data. This facilitates the creation of more accurate regression models.
Development of a regression model: A second-order model (polynomial regression) was
developed to describe the relationship between the reduced data set and the amount of
tomato pomace (Georgieva et al., 2020). The model was evaluated using the coefficient of
determination (R?), the sum of squared errors (SSE) and the root mean square error (RMSE)
to assess its accuracy.

Determining the optimal amount to add: A linear programming algorithm implemented in
Matlab using the "linprog" function was used to determine the optimal amount of tomato
pomace addition that maximizes positive product attributes while maintaining sensory
acceptability (Yang & Yamashita, 2018).

Table 1. Features of Crackers with Tomato Pomace and the Mixtures Used in Their Production

F1 Peak Viscosity F11 | Snapping Force F21 | Aroma F31 | Wi
F2 Breakdown F12 | Moisture F22 |Taste F32 |BI

F3 Final viscosity F13 |Lipids F23 | Odor F33 |SI

F4 Pasting Temperature F14 | Proteins F24 |OA F34 |CIRG
F5 Width F15 |Ash F25 |L F35 |[COL
F6 Thickness F16 | Water Activity F26 |a F36 |[CI

F7 Spread factor F17 | Total fibre F27 |b F37 |ECB
F8 Volume F18 |ABTS F28 |C F38 |FCI
F9 Specific volume F19 | Appearance F29 |h F39 |WL
F10 |Hardness F20 | Texture F30 |YI F40 |PACI

The data obtained were processed using the Matlab program system (The Mathworks Inc.,
Natick, MA, USA.). All data were processed with a significance level of a=0.05.
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RESULTS AND DISCUSSION

Figure 1 shows in a general stylized form, by their averaged colors, the crackers with the
addition of tomato pomace. As the amount of additive increases, the color of the products
changes from light to darker.

0% 4% 6% 8% 10%
Figure 1. Crackers with tomato pomace — general view

Figure 2 shows the distribution of the component values from the laboratory model for
crackers with tomato presses. The control sample differed significantly from the samples with
the addition of tomato pomace. The 4% sample also stands out from the others. Increasing
the amount of tomato pomace leads to an overlap of the experimental data.
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Figure 2. Distribution of Lab values for crackers with tomato pomace

Table 2 shows the color index values for pressed tomato crackers. Components L and h
decrease as the amount of tomato pomace increases. Components a, b and C increase their
values. Of the color indices, the values for SI, CIRG, COL, Cl, ECB and PACI increase. The
values for WI, BI, FCI and WL decrease.

Table 2. Color indices of crackers with tomato pomace (TP). The statistical significant difference is at
p<0,05

Inde 0% 4% 6% 8% 10%

L 78,83+8,88 68,15+6,27 63,01+6,67 63,99+8,68 57,39+6,78
a 1,21+0,66 4,55+1,59 6,82+1,78 5,98+1,36 8,19+1,76
b 20,47+2,46 28,83+2,25 32,93+£2,62 32,52+3,21 34,19+2,52
C 4,4+0,34 5,77+0,3 6,3+0,3 6,2+0,31 6,5+0,26
h 1,51+0,04 1,42+0,05 1,37+0,05 1,39+0,04 1,34+0,05
YI 37,85+£7,97 60,86+6,46 75,17+6,96 73,35+7,4 85,78+7,34
Wi 707,35 56,52+4,71 49,67+4,49 50,56+5,66 44,45+4,46
Bl 190,83+55,17 74,41+£16,3 56,6+11,22 61,01+11,91 46,66+8,62
Sl 20,52+2,44 29,23+2,37 33,67+2,73 33,09+3,21 35,19+2,57
CIRG 2,2+0,25 2,43+0,22 2,6+0,27 2,6+0,44 2,83+0,33
COL 7,06+3,84 23,39+8,36 34,86+9,94 31,17+10,55 44,7+11,83
Cl 0,06+0,04 0,16+0,05 0,21+0,05 0,18+0,04 0,24+0,05
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ECB 0,08+0,04 0,22+0,08 0,32+0,08 0,28+0,07 0,39+0,09
FCI 58,36+10,1 39,32+46,15 30,08+5,72 31,4846,66 23,21+5,33
WL 3,93+0,76 2,37+0,26 1,92+0,18 1,97+0,19 1,68+0,14
PACI 15,4+7,9 66,87+25,78 107,96+33 94,19+29,83 142,28+39,26

A selection of meaningful characteristics was made to describe the changes in the crackers
when different amounts of tomato pomace were added. Figure 3 graphically shows the result
of this selection. Those characteristics with weight coefficients above 0.6 are taken into
account. 9 technological characteristics were selected, all components from the color models
Lab and LCh as well as 9 color indices.
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Figure 3. Results from feature selection

The following vector of 23 features was selected using the RReliefF method (Eq. 1):
Fv :[F5-F8-F9-FlO-F11-F13-F14-F15-F18-F25-F26-F27-F28-F29-F30-F31‘F32-F33-F34'F35-F36'F38-F39]

1)

The data of the feature vector are reduced to two principal components. They describe over
95% of the variance in the selected vector data.

The following regression model was determined (Eq. 2):

TP =5.21+0.77PC, +0.001PC?; - 0.05PC?; )
The evaluation of the obtained model shows that the coefficient of determination is R?=0.84.
The sum of squared errors is SSE=0.19. The mean squared error is 0.44. This shows that
the obtained model describes the experimental data with sufficient accuracy.

Figure 4 shows the resulting model in graphical form. The optimum percentage for the
addition of tomato pomace in crackers was determined. From the calculations and analysis
using the Linpprog method, it was found that 9.27% tomato pomace in crackers was
acceptable to consumers and did not significantly change the physicochemical, geometric
and color properties of the product.

9.27 %

Tomato pomace powder, %

100
0 50

0
20 -50

PC2 (1.78%) PC1(98%)
Figure 4. Determining the appropriate amount of tomato pomace in crackers
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Statistical data analysis methods such as principal component analysis and linear
programming algorithm were used in determining the optimal amount of tomato pomace in
crackers.

The results of this study indicate that the optimal amount of tomato pomace addition in
crackers is 9.27%, which is significantly higher than the 8% previously recommended by
Nakov et al. (2022) and Isik & Topkaya (2016). This difference may be due to different
methods, raw material compositions or sensory criteria used in our study. The increased
addition amount resulted in improved nutritional properties of the product, including an
increase in fiber content, proteins, and antioxidant compounds, which is consistent with the
findings of Ahmad Bhat and Ahsan (2016).

However, it is important to note that higher levels of additives may affect the sensory
acceptability of the product. While our results showed that an addition of 9.27% remains
acceptable to consumers, there is a risk of reduction in texture and color changes that may
affect the market success of the product. Silva et al. (2023) highlighted the importance of
balancing nutritional benefits with maintaining sensory properties, a point that is further
reinforced by our findings.

The improved optimal addition rate enables producers to increase the proportion of tomato
pomace in production, thereby reducing raw material costs and contributing to sustainable
production. In addition, crackers with an enriched nutritional profile can be used as a healthy
snack by all age groups.

CONCLUSIONS

In this study, additional research was conducted to determine the optimal amount of tomato
pomace in crackers. To achieve this goal, appropriate statistical methods were used to
analyze the data. The analysis revealed the ideal amount of tomato pomace and showed that
the addition of 9.27% improved the key properties of the crackers while maintaining
consumer acceptance. A total of 40 properties were investigated, covering the
physicochemical, sensory and color changes of crackers with added tomato pomace. Of
these, 23 were considered sufficiently informative, including 9 technological characteristics, 6
color components and 9 color indices. The results of this study provide a useful method to
explore how waste products from food production can be reused to promote sustainability
and ensure food health.
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ABSTRACT

Celery (Apium graveolens L.) is an aromatic vegetable, a member of the Apiaceae family. Celery is a
globally cultivated vegetable. Celery root is rich in dietary fibre, mineral elements, vitamins and
essential oils and, as such, has health benefits. Celery root has few calories, it can be consumed raw
or treated.There are different dehydration methods used to preserve plant material, such as
convective, lyophilisation and combined dehydration methods. Convective dehydration is
characterized by a high temperature which influences the sensory and nutritional characteristics of the
product. The lyophilisation method preserves the nutritional and sensory characteristics of products,
but it involves increased process costs and longer dehydration times. The combined dehydration
method consists of osmotic dehydration in molasses and lyophilisation as a successive dehydration
phase. This study aims to investigate the effect of different dehydration methods on the chemical and
mineral composition of the celery root. The significant differences between different methods of
draying of celery root are confirmed by the application of post-hoc Tukey's HSD test at a 95%
confidence limit. The calculation of Z-Score Analysis, based on chemical and mineral parameters,
points out the best score of celery root dehydration by the combined method, obtaining 91.67%, while
celery lyophilisation and convective dehydration obtained only 15.67% and 7.60% of maximal score
values, respectively.

Keywords: dehydration methods, chemical composition, mineral composition, celery root

INTRODUCTION

The Apiaceae family, also known as the Umbelliferae family, is a significant and diverse
family of flowering plants. It encompasses approximately 3780 species distributed across
434 genera. This family is globally widespread, with members commonly found in tropical
high-altitude regions and the northern temperate zones. Onions, celery, and kale are rich
sources of various health-promoting compounds. Scientific research has highlighted several
bioactive compounds in these vegetables, contributing to their health benefits, particularly
their antioxidant properties. A good deal of scientific articles have found that onions, celery,
and kale are good sources of health-promoting compounds, i.e. apiin, apigenin, rutin, oleic
acid, pantothenic acid, a-linolenic acid, succinate, vitamin E (Liu et al, 2020) glycosides of
quercetin, kaempferol, coumaric acid, ferulic acid, sinapic acid, coffee acid (Olsen, Aaby &
Borge, 2009), and have high antioxidant capacity (Liu et al., 2020, Krecisz et. al 2023).

Celery (Apium graveolens L.) is an aromatic vegetable, a member of the family Apiaceae.
Celery is a globally cultivated vegetable with three botanical varieties: var. Rapaceum,
known as ‘celeriac’ with a large root tuber (popular in Europe); var dulce, forming a crisp
stalk (popular in the USA and Western Europe); and var. secalinum (Asia) (Bruznican, De
Clercq, Eeckhaut, Van Huylenbroeck, & Geelen, 2020). Celery root which has low calories
can be consumed either raw or cooked (Kian-Pour 2023). In recent times, there is a growing
emphasis on enhancing the utilization of secondary products from the food industry, such as
sugar beet molasses. These by-products are valuable sources of natural antioxidants,
minerals, and other functional ingredients. They can be effectively used to enrich food
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products, thereby increasing their nutritional value and contributing to more sustainable food
production practices.

Besides changes in the attractiveness and quality of food after dehydration, another major
disadvantage of dehydration in the food industry is its high cost (Baysan et al. 2024).

In every technological process, it is very important to accurately define the production
parameters of the process to achieve a good and consistent product quality while minimizing
the loss of nutritional and functional properties of the raw materials (KoSuti¢ 2016, Kosuti¢ et
all 2016), where combined dehydration method of peach was characterized by upgraded
overall dehydration effectiveness, reduced time and energy consumption, and enhanced
chemical and mineral matter content of dehydrated peach samples (Filipovi¢ et al., 2022a),
indicating the research path for the celery root dehydration.

This study aims to investigate the effect of different dehydration methods on the chemical
and mineral composition of the celery root. The findings are expected to guide the food
processing industry in selecting the best dehydration technique to produce high-quality dried
celery root with maximum health benefits and desirable physical properties.

MATERIAL AND METHODS

Material

Fresh celery root (Apium graveolens L. var. rapaceum, Alabaster variety) was sourced from
a local greengrocery in Novi Sad, Serbia. The celery root had an average dry matter content
of 9.05%. Sugar beet molasses, used as an osmotic solution in the osmotic pre-treatment
process, was obtained from a sugar factory in Crvenka, Serbia, and had an average dry
matter content of 86.04%.

Convective Dehydration

Diced celery samples were subjected to convective dehydration using the following
procedure: Dehydration Process: The samples were dried to a constant mass in a dryer
(Instrumentaria, Zagreb, Croatia) set at 50°C (Krecisz et al., 2023; Mari¢ et al., 2020).
Grinding: Once dehydrated, the samples were pulverized using a universal laboratory mill,
type: WZ-1 (solem, ZBPP, Bydgoszcz, Poland), to obtain convectively dried celery root
powder.

Lyophilisation

Fresh samples of diced celery were processed using the following lyophilisation procedure:
Freezing: The diced celery samples were frozen for at least 24 hours at -30°C.
Lyophilisation: The frozen samples were placed on metal trays in a freeze-dryer (Christ
ALPHA1-2 LDPLUS, Osterode am Harz, Germany). The lyophilisation parameters were set
as follows: absolute pressure: 1.6 Pa, condenser temperature: -57°C, duration: 48 hours.
Duration of the lyophilization process was determined on the basis of previous tests, where
the chosen process duration produced dehydrated products without water content.

Grinding: After lyophilisation, the samples were ground using a universal laboratory
milltype: WZ-1 (solem, ZBPP, Bydgoszcz, Poland).

Combined Method of Dehydration

The combined method of dehydrating celery root was executed in two stages: osmotic
dehydration followed by lyophilisation. Here are the detailed steps:

Preparation of Celery Root: fresh celery root was washed with running tap water, dried
with paper towels, peeled, and cut into cubes approximately 1 cm x 1 cm x 1 cm.

Osmotic Dehydration: the celery cubes were immersed in vessels filled with molasses
(molasses content as described in Loncar et al., (2021)) at a ratio of 1:5 (dehydrating
material to osmotic solution) to prevent excessive dilution of the molasses and slow down
the process kinetics. This process took place over 5 hours at atmospheric pressure in a
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thermostatic chamber (Memmert IN160, Schwabach, Germany), with the temperature set
and maintained at 20°C.

Post-Osmotic Treatment: after 5 hours, the osmotically treated celery samples were
separated from the molasses and washed with running water to remove excess solution
from the surface of the cubes. The samples were then blotted with paper towels to remove
excessive water.

Freezing: the osmotically dehydrated celery samples were frozen and stored at -30°C for 24
hours.

Lyophilisation: the frozen samples were subjected to lyophilisation using the device Christ
ALPHA1-2 LDPLUS (Osterode am Harz, Germany). The lyophilisation parameters were set
to a absolute pressure of 1.6 Pa, a condenser temperature of -57°C, and process duration of
24 hours.

Post-Lyophilisation Processing: after lyophilisation, the dehydrated samples were finely
ground into a powder of uniform particle size using a universal laboratory mill, type: WZ-1
(solem, ZBPP, Bydgoszcz, Poland).

Chemical analysis

Proximate chemical composition of cookie samples was conducted according to AOAC
(Horowitz, 2019) standard methods: protein content (method No. 950.36), starch content
(method No. 996.11), total sugars content (method No. 2020.07), cellulose content (method
No. 973.18), lipid content (method No. 935.38) and ash content (method No. 930.22). Each
measurement was performed in three replications.

Minerals analysis

The mineral content of potassium (K), calcium (Ca), magnesium (Mg), iron (Fe), zinc (Zn)
and copper (Cu) of the cookies was determined in accordance to the standard methods of
AOAC (Horowitz, 2019). Minerals were determined by atomic absorption spectrophotometry
(method No. 984.27) on a Varian Spectra AA 10 (Varian Techtron Pty Ltd., Mulgvare Vic-
toria, Australia). Each measurement was performed in three repetitions.

Methods of Statistical Analysis

Analysis of Variance

Analysis of variance (ANOVA) was applied in order of determinating the variations statistical
significance on the set of all cookies’ samples tested quality responses. ANOVA analysis
was performed by using STATISTICA 12.0 software (2013), (StatSoft Europe, Hamburg,
Germany).

Z-Score Analysis

In the Z-Score analysis min-max normalization is used for samples’ different response
values. They are recalculated and presented in a new dimensionless unit system, with the
effort of comparisons and further mathematical calculations of different cookie samples’
guality responses (Szarek et al., 2024).

The maximal obtained value of total Z-score values indicates on the optimum value of all
segment Z-scores mathematically combined in defined manner, pointing at the optimal
combination of all tested quality parameters.

The calculation of individual segment Z-scores is as following:

Cookie samples’ technological quality segment Z-score:

212 ) *ki“*kmin
— k= Xkmax~*kmin 1
S1i = 1 1)

where x, are: Proteins, Starch, Total sugars, Celullose, Lipids, Ash, Zn, Cu, Mg, Ca, Fe and
K.
max [Sj]—optimum (2)
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Z-score values were calculated using Microsoft Excel ver. 2016. (Microsoft Corporation,
Redmond, WA, USA).

RESULTS AND DISCUSSION

Tables 1 and 2 present the results of the nutritive composition of celery dehydrated by
different methods: convective dehydration, lyophilization, and a combined method (osmotic
dehydration and lyophilization).

From the results presented in Table 1, it can be seen that celery dried by the combined
method (O.D.+L.) has a statistically significantly higher content of proteins, total sugars, and
ash, but a lower content of cellulose and lipids compared to celery samples dried by the
convective method (C.D.) and lyophilization (L.).

Table 1. Dehydrated celery root chemical composition

Total

Sample: Proteins  Starch sugars Cellulose Lipids Ash
(%d.m.) (%d.m.) (% d.m.) (%dm.) (%dm.) (%dm)
C.D* 1.04 + 0.85+ 525+ 2.64 + 0.30 = 0.81 %
o 0.04% 0.08% 0.15% 0.09° 0.01* 0.03%
|k 131+ 1.01+ 531+ 271+ 0.30 0.79 £
' 0.05" 0.05 0.09 0.05 0.01° 0.02
O.D 4L+ 4.36C¢ 1.04;; 24.99bi 1.57 f 0.263 4,97 ;_r
T 0.19 0.03 0.99 0.04 0.00 0.49

* Convectively dehydrated, pulverized, celery root

** | yophilizated, pulverized, celery root

*** Osmotically dehydrated and lyophilizated, pulverized, celery root

Results are shown as average value + standard deviation of six replications

¢ Different letters in superscript of the same table column indicate the statistically significant difference
between values at a level of significance of p < 0.05 (based on post-hoc Tukey HSD test)

The mineral composition of celery dehydrated by different methods is presented in Table 2.
Celery dehydrated by the combined method (O.D.+L.) has a statistically significantly higher
mineral content in terms of K, Mg, Ca, Fe, Zn, and Cu compared to celery dehydrated by the
convective method and lyophilization. During osmotic dehydration stage of the combined
method, secondary mass transfer — uptake of the solid from the osmotic solution (sugar beet
molasses) in the dehydrating material (celery root) occurs, affecting the change of chemical
and mineral content of celery root dry matter (Filipovic et al., 2022b). Obtained results in this
research also shows the increase of mineral matter content due to dry matter increase from
the mineral-rich molasses during the osmotic dehydration stage of the process.

Table 2. Dehydrated celery root mineral content
K Mg Ca Fe Zn Cu
Sample: (mg/100g (mg/100 (mg/100 (mg/100 (mg/100 (mg/100
d.m.) gd.m)) gd.m) gd.m.) gd.m) gd.m.)
308.43+ 2313+ 73.08+% 0.78 + 0.71 + 0.51+

C.D.

0.94% 0.11% 0.21% 0.03% 0.02% 0.02%

L 309.75+ 23.94+ 7394+ 079+ 074+ 052z

: 1.05% 0.24% 0.34° 0.022 0.04% 0.00%

O.D4L 182574+ 4274+ 12049 5394 135+  0.84%
BT 20.16 1.75 +1.55 0.75 0.15 0.03

Results are shown as average value * standard deviation of six replications
¢ Different letters in superscript of the same table column indicate the statistically significant difference
between values at a level of significance of p < 0.05 (based on post-hoc Tukey HSD test)
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Table 3. Z-Score values of dehydrated celery root
Z-Score values

Sample:

(%)
C.D. 7.60
L. 15.66
0.D.+L. 91.67

The results of Z-Score analysis, table 3, showed that convectively dehydrated, lyophilized
and combined dehydrated celery root obtained: 7.60, 15.66 and 91.67% of total quality,
respectively.

CONCLUSIONS

The significant differences between different methods of drying of celery root are confirmed
by the application of post-hoc Tukey’'s HSD test at a 95% confidence limit. Osmotic
dehydration stage in the combined dehydration method, influenced mineral mater content
increase, due to the molasses content influx into the dehydrating celery root material. The
calculation of Z-Score Analysis, based on chemical and mineral parameters, points out the
best score of celery root dehydration by the combined method, obtaining 91.67%, while
celery lyophilisation and convective dehydration obtained only 15.67% and 7.60% of
maximal score values, respectively. Presented data suggests that the combined dehydration
method is far superior in retaining celery root's desired chemical and mineral properties
compared to lyophilisation and convective dehydration.
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ABSTRACT

This study details the design and development of an electrochemical biosensor for measuring glycerol,
an important compound in food and beverages, due to its role as a naturally occurring triose sugar and
food additive (E 422). Monitoring glycerol concentration is essential for ensuring food quality and
safety. The biosensor operates by enzymatically oxidizing glycerol using glycerol dehydrogenase
(GLDH) in the presence of oxidized Nicotinamide adenine dinucleotide (NAD"), resulting in the
production of its reduced form (NADH) and dihydroxyacetone. The NADH then undergoes
electrocatalytic oxidation at a Meldolas Blue-modified Screen-printed Carbon Electrode (MB-SPCE),
with the resulting current serving as the analytical response. This response is directly proportional to
the glycerol concentration. Standard addition calibration studies using chronoamperometry were
performed with glycerol concentrations between 1.0 to 3.0 mM, utilizing only 100 uL of diluted (0.1 M
phosphate buffer) grape juice (GJ) directly on the biosensor surface. Calibration plots were
constructed by taking current measurements at 100 s after application of the applied potential; this
demonstrated that the glycerol biosensor produced a linear response across the concentration range
studied. The amperometric biosensor was successfully applied to the measurement of glycerol in
commercially available GJ, representing non-alcoholic beverages. These analyses have the ability to
be conducted outside the laboratory using commercially available, portable potentiostats. Overall, this
approach shows promise to form a platform for the development of novel rapid technology for point-of-
test evaluation of glycerol in the production and quality control of non-alcoholic beverages.

Keywords: Food safety and quality, amperometric glycerol biosensor, chronoamperometry, screen-
printed carbon electrode, Meldolas Blue, grape juice

INTRODUCTION

It has been reported that the consumption of grape juice (GJ) is increasing worldwide
because of its sensory characteristics and nutritional value (Bendaali et al., 2022). It is,
therefore, important to be able to ascertain the quality of GJ for commercial purposes.
Kupina (1984) suggested that glycerol, a triose sugar, is one of the crucial indicators of GJ
quality. Caputi et al. (1992) have developed a High-Performance Liquid Chromatographic
(HPLC) method for the measurement of glycerol, which involves a strong cation exchange
analytical column in conjunction with a guard column, together with a refractive index
detector. The method required sample preparation, including a membrane filtration step. The
evaluation of the method was performed using 12 GJ samples in a collaborative study, and
the authors reported that the procedure had been officially recommended (Caputi et al.,
1992). Linget et al. (1998) reported an alternative HPLC approach for GJ analysis, which
could also reliably measure the glycerol GJ concentration. This method involves a complex
HPLC system incorporating an on-line clean-up step using a dialysis procedure, enabling
simultaneous measurement of other analytes, including amino acids, sugars and organic
acids.

While these chromatographic procedures are very reliable, and effective, they have some
important drawbacks. HPLC is a high-cost technique, and the operation and maintenance of
its instruments require highly skilled technical personnel. The overall analysis time can be
quite long, owing to the serial nature of the final measurement step with long elution times;
this is particularly the case when many analyses are required. Therefore, alternative
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approaches, which offer more rapid analyses, lower costs, and require simpler instrument
operation, are highly desirable. One such approach involves the use of electrochemical
biosensors, which are fabricated using screen-printed technology. These devices have been
effectively employed to address complex analytical challenges in different fields including
agri-food, environmental, and biomedical analyses (Gareth Hughes et al., 2016). Biosensors
offer significant advantages such as low cost, particularly as they can be mass-produced
using carbon materials and can be fabricated easily in a wide range of planar geometries.
The surface of the base screen-printed carbon electrodes is readily tailored with a wide
range of enzymes and electrocatalysts to produce biosensors with high selectivity, which is a
prerequisite for the analysis of complex matrices (Smart et al., 2020). Consequently, it was
considered that this approach provides a platform for developing and applying a glycerol
biosensor.

In a previous study (Sprules et al., 1994), we developed a sensor based on a screen-printed
carbon electrode modified with the electrocatalyst Meldolas Blue (MB-SPCE) and reduced
nicotinamide adenine dinucleotide (NADH). This device has the advantage of operating at 0
V (vs Ag/AgCl), which results in highly selective measurements. We showed that this device
could be converted to a lactate biosensor by immobilizing the enzyme lactate dehydrogenase
onto the surface of the MB-SPCE (Sprules, Hartley, et al., 1996). Additionally, it was found
that the MB-SPCE could be readily converted into various biosensors by immobilizing a
suitable dehydrogenase enzyme, together with the cofactor of oxidized Nicotinamide adenine
dinucleotide (NAD"), for the analyte of interest. For example, an ethanol biosensor was
developed to assess the quality of a beverage by immobilizing alcohol dehydrogenase
(Sprules, Hart, et al., 1996). In a separate study, a glutamate biosensor was developed by
immobilizing glutamate dehydrogenase onto the MB-SPCE surface and was applied to
assess food quality (G. Hughes et al., 2016; Gareth Hughes et al., 2014). Bearing the above
discussion in mind, a glycerol biosensor was developed by immobilizing glycerol
dehydrogenase and NAD® onto an MB-SPCE. The intention was to apply the prototype
device to determine glycerol in GJ and deduce its performance in this complex matrix. This
paper describes the procedure for the fabrication and operation of a glycerol biosensor; its
potential for applications in the area of juice beverage analysis is demonstrated using a
commercial GJ product. The described approach could have broad applications in the areas
of food quality and safety.

MATERIAL AND METHODS

Raw materials, chemicals, and reagents

Purple commercially available GJ was purchased at Tesco’s, a UK supermarket chain, and
stored at 4°C. GLDH was obtained from Merck (Darmstadt, Germany). All other chemicals
were purchased from Sigma Aldrich (Dorset, UK). Deionized water was obtained from a
Purite RO200 Sitillplus HP System (Oxon, UK). Stock solutions of monosodium, disodium,
and trisodium orthophosphate were prepared at a concentration of 0.2 M by dissolving the
appropriate mass in deionized water and were then mixed to achieve the desired pH and
subsequently diluted in the cell to a working concentration of 0.1 M. Sodium chloride was
prepared to a concentration of 1.0 M by dissolving the appropriate mass in deionized water
and was diluted in the cell, giving a final concentration of 0.1 M.

Instrumentation

An Emstat Blue potentiostat (PalmSens, The Netherlands) was used for the voltammetric
and amperometric measurements. The potentiostat was connected to a PC for data
acquisition via PS Trace Software.

Gwent Electronic Materials Ltd (Pontypool, UK) supplied all disposable MB-SPCEs. The
working electrode (containing MB-SPCE) was fabricated using carbon graphite-based ink
with Meldolas Blue (C2030519P5), and the reference electrode was fabricated using
Ag/AgCI ink (C2130809D5). The working electrode's area (3 x 3 mm) was defined using
electrical insulation tape.
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pH measurement

The pH of all samples was recorded using a Testo 205 pH meter (Testo Limited, UK). All
solutions were stirred using a colour squid (IKA, UK) and warmed in a HAAKE P5 water bath
(Thermo Scientific, UK).

Assessment of glycerol concentration

A commercial glycerol assay kit (Megazyme International Ireland, Ireland) was used to
estimate the glycerol concentration in the GJ samples. The amount of NADH was detected
by measuring absorbance at 340 nm using a UV-vis spectrophotometer (Thermo Scientific,
UK) as described in our previous study (Ekonomou et al., 2024). Initially, the absorbance
difference (A1-A2) for both blank and sample was determined. Next, the concentration of
glycerol was calculated as follows:

VXMW

C_sxd—xv x AAglycerol [g/L]

Where:

V = final volume [mL]

MW = molecular weight of glycerol [g/mol]

€ = extinction coefficient of NADH at 340 nm
= 6300 [I x mol™*x cm™]

d = light path [cm]

v = sample volume [mL]

It follows for glycerol:
2.34 x92.1

“=6300x 1.0 x0.10

x AAglycerol [g/L]

The sample was diluted during preparation and multiplied by the dilution factor, F.

Fabrication of glycerol biosensor

A mixture of 10 uL containing 10 U of GLDH and 660 ug of NAD" in a 0.1 M PBS, pH 9
solution was drop-coated on the surface of the MB-SPCE working electrodes. The layer was
allowed to dry overnight under a vacuum at —0.6 MPa, at 4°C. Next, a 10 uL aliquot of
glutaraldehyde (GLA; 0.01% in phosphate buffer) was placed on top of the enzyme/NAD"
layer and left overnight under vacuum to allow crosslinking to occur. The fabricated
biosensors were then refrigerated until they were ready for calibration and GJ analysis.

Standard addition calibration procedure and analysis of GJ

A standard addition calibration study was performed with solutions prepared in 0.1 M PBS
pH 9 spiked with 1, 2, and 3 mM glycerol concentrations. The electrochemical technique
employed was chronoamperometry, using an applied potential of 0.0 V vs Ag/AgCl, preceded
by an incubation time of 3 min. Aliquots of 100 uL of GJ and GJ samples spiked with glycerol
were directly deposited onto the glycerol biosensor surface, which was warmed to 30°C on a
thermostated surface and current measurements were taken at 100 s. A new biosensor was
used for each glycerol concentration measurement.

The analysis of GJ was performed in a similar manner to that described above, including an
initial dilution step to adjust the concentration of glycerol to be in the linear range. All GJ
dilutions were carried out using 0.1 M PBS, pH 9.

Statistical analysis

All data acquired were expressed as mean + standard deviation (SD). Data were analyzed
using the paired two-sample for means t-test with IBM® SPSS® statistics 26 software for
macOS (SPSS Inc.) at a 5% level of significance.
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RESULTS AND DISCUSSION

Principal of operation of the amperometric glycerol biosensor

The overall sequence of reactions involved during the operation of the amperometric glycerol
biosensor is shown in Fig. 1. The biosensor operates based on the enzymatic oxidation of
glycerol by GLDH in the presence of NAD". This process leads to the production of NADH
and dihydroxyacetone. The NADH then undergoes electrocatalytic oxidation at an MB-SPCE,
and the resulting electrocatalytic oxidation current is the analytical response. This response
is directly proportional to the glycerol concentration. It's important to note that the advantage
of using the electrocatalytic oxidation reaction of NADH is that the operating potential is
much lower compared to the direct oxidation at bare carbon electrodes. This aspect will be
discussed later.
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Figure 1. The sequence of reactions involved in the operation of the amperometric glycerol biosensor.

Standard addition calibration study and Grape juice analysis

A standard addition calibration study was conducted using the glycerol biosensor along with
chronoamperometry (Fig. 2 A-C). To do this, 100 uL aliquots of GJ to which was added
glycerol (1 - 3 mM), were deposited on the working/reference electrodes.
Chronoamperometry was carried out with an applied potential of 0.0 V vs Ag/AgCl, following
a 3 min incubation period. Fig. 2 (A) shows the chronoamperograms obtained for the
solutions containing only GJ. Fig. 2 (B) shows the chronoamperograms of GJ samples
containing additions 1 mM (blue and green lines), 2 mM (orange and purple lines), and 3 mM
(haki and red lines) of the appropriate glycerol additions.

The chronoamperometric currents were collected for all GJ samples and standards at 100s.
Fig. 2 (C) shows the resulting calibration plot and the regression equation was calculated to
be i (UA) = 0.043C (mM) + 0.0017, with an R? value equal to 0.9971. Using the standard
addition plot above (Fig. 2C), we calculated the unknown GJ concentrations from the
Chronoamperometric responses shown in Fig. 2 (A). This data is further discussed below.

In the present work, two methods, the first using a novel glycerol biosensor with
amperometric detection and the second using a commercial glycerol assay kit with
colorimetric detection, were compared for the determination of glycerol concentration in GJ.
Commercial kits (such as the one used in the current study) have been developed for the
determination of glycerol content in GJ. Even though it is a straightforward and convenient
enzymatic-colorimetric method, it involves multiple steps, which may lead to spurious data.
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Figure 2. Chronoamperometric responses obtained with the glycerol biosensor for A) GJ (n=5) and B)
GJ spiked with 1, 2, and 3 mM of glycerol at 100 — 300 s. C) Presents the standard addition plot for GJ
over the concentration range of glycerol added (1 — 3 mM).

Next, a comparison was made with our newly developed glycerol biosensor and a
commercially available glycerol kit. Table 1 summarises the glycerol recoveries for the
individual GJ samples as well as the mean recovery (1.09 gL™) and precision data with a
relative standard deviation (RSD) equal to 11.52% by the biosensor. This Table also
compares the results obtained with the glycerol kit, which resulted in a mean recovery of 0.28
gL' and an RSD equal to 9.59%. Our results, obtained by the biosensor agrees with the
results reported by Csutoras et al. (2014) in a similar type of GJ product containing 1.21 gL™.
A similar difference in recovery data in GJ has been reported by de Souza et al. (2013) when
using two different analytical techniques (enzymatic-amperometric and spectrophotometric).
de Souza et al. (2013) noted that for all the beverage samples they tested, including various
wines and sodas, the glycerol content observed was similar for both methods except for the
GJ sample, where half the glycerol content was observed when using the enzymatic-
spectrophotometric method (de Souza et al., 2013).

Our results reveal that our novel biosensor can successfully detect glycerol concentration in
GJ and can be easily and rapidly used in the food industry to test quality. One explanation for
the different results obtained with the enzymatic-spectrophotometric kit compared with our
biosensor is related to a high lactate concentration (0.025 — 5 gL™) naturally occurring in the
GJ as reported by Coehlo et al. (2018) testing two commercial GJ samples; this only affects
the former analytical approach, which has a different enzyme sequence which may be
inhibited by lactate in GJ. In previous work performed by our group, it was ascertained that
when working at an applied potential of 0.0 V, no significant interferences were detected in
various liquid samples (Sprules, Hart, et al., 1996; Hughes et al., 2014; G. Hughes et al.,
2016).
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Table 1. Recovery of glycerol content (in gL™) from GJ using a glycerol biosensor and
enzymatic-colorimetric method.

Sample Recovery (gL™)
Biosensor Enzymatic-colorimetry
1 0.91 0.29
2 1.16 0.30
3 1.04 0.30
4 1.04 0.29
5 1.28 0.23
Mean 1.09° 0.28°
SD (n=5) 0.13 0.03
RSD (%) 11.52 9.59

% Different lowercase letters indicate significant differences between methods (p < 0.05).

CONCLUSIONS

This paper has demonstrated the possibility of applying a rapid, convenient electrochemical
glycerol biosensor for the measurement of glycerol in GJ. It is convenient to use due to its
simple geometry, which permits a microlitre volume of liquid sample to be deposited on the
biosensor’s surface and determined using a chronoamperometric procedure. This offers
another advantage for biosensors against spectrophotometric methods, as cloudy and
colored solutions can be measured accurately. Such chronoamperometric methods can be
performed with small, commercial handheld potentiostats, which allow samples to be
analyzed outside of the laboratory. This has the potential to be commercialized and used
directly in the food industry setting at the point of production. This approach has the potential
to lead to a future platform for developing novel rapid technology for point-of-test evaluation
of glycerol in numerous food products and beverages.
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ABSTRACT

Ketosis, a metabolic disorder often present in dairy cows during the peripartal period, is characterized
by low glucose levels and high ketone body levels in the blood. This disorder can significantly reduce
milk production and affect the overall health of the cows. Traditional prevention methods include
proper nutrition and dietary supplements, but increasing research is focusing on the use of essential
plants as an alternative or complementary solution. Essential oils, known for their antioxidant, anti-
inflammatory, and antimicrobial properties, can play a significant role in the prevention of ketosis.
Plants such as green tea, turmeric, medicinal dandelion contain bioactive compounds that can improve
the metabolism of glucose and fats, thereby reducing the risk of developing ketosis. Studies have
shown that adding essential oils to the diet of dairy cows can positively affect metabolism and reduce
the level of ketone bodies in the blood. For example, green tea (Camellia sinensis) contains catechins
and other antioxidants that can improve glucose and fat metabolism, potentially reducing the risk of
ketosis. Additionally, ginger (Zingiber officinale) is known for its antioxidant and anti-inflammatory
properties. It can improve digestion and reduce oxidative stress, which can help reduce the risk of
ketosis. The combination of different essential oils can have a synergistic effect, providing more
comprehensive protection against ketosis. However, the correct dosage and method of application are
important to achieve optimal effectiveness without adverse consequences. Although the research
results are promising, further studies are needed to determine the optimal conditions for application
and the long-term effects of essential plants on the health and productivity of dairy cows. In any case,
essential plants represent an interesting and potentially effective option for improving the health and
well-being of dairy cows and can become an important part of the strategy for preventing ketosis.
Keywords: essential oils, plant extract, phytotherapy prevention of ketosis, dairy cows

INTRODUCTION

The dairy industry plays a critical role in global agriculture, contributing significantly to the
food supply and economy. However, the productivity and health of dairy cows are often
compromised by metabolic disorders, among which ketosis stands out as a particularly
prevalent and challenging condition. Ketosis typically occurs during the early lactation period
when the energy demands for milk production exceed the cow's intake, leading to negative
energy balance and the mobilization of body fat. This process results in the accumulation of
ketone bodies in the bloodstream, which can lead to reduced milk yield, poor reproductive
performance, and in severe cases, can be life-threatening for the cow.

Traditionally, the management of ketosis has involved a combination of dietary adjustments,
such as increasing energy density and supplementing with glucose precursors like propylene
glycol. However, these strategies are not always effective in preventing the onset of ketosis
and may not be sustainable in the long term. Consequently, there has been growing interest
in exploring alternative, natural approaches to ketosis prevention, with particular focus on the
use of essential plants and their extracts.
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METHODS AND RESULTS OF RECENT RESEARCH

Multicomponent plant extract

Ruminants as a result of their evolution, have adapted to consuming a wide variety and large
guantities of phytochemicals. According to Durrer et al. (2020) recent studies suggest a
strong likelihood that even domesticated ruminants can self-medicate using plants (e.g.,
Cichorium intybus L.), especially in cases of metabolic imbalances. Additionally, there is a
long-standing tradition of using medicinal plants such as Camellia sinensis (L.) Kuntze,
Gentiana lutea L., Taraxacum officinale F. H. Wick, and Trigonella foenum-graecum L. to
treat gastrointestinal and metabolic disorders in cattle. Therefore, it is plausible that herbal
remedies could assist cows with subclinical ketosis, even in modern dairy farming
environments. However, in vitro and in vivo studies on the use of plant extracts or individual
phytochemicals in livestock treatment are limited. A recent study by Dorn et al. (2016)
demonstrated that a combination of sodium propionate (SP) and a multicomponent herbal
extract (HE) containing C. sinensis, C. intybus, G. lutea, G. glabra, T. officinale, T. foenum-
graecum, and Z. officinale provided a slight but significant advantage in improving milk
acetone (MAC) in cows with subclinical ketosis compared to using pure SP alone or placebo
(PL). The combination also showed a tendency to reduce blood B-hydroxybutyrate (BHB)
levels more effectively than pure SP. Therefore, alternative approaches need to be explored.
Medicinal plants and their extracts could serve as a therapeutic option for subclinical ketosis
in dairy cows (Durrer et al., 2020).

One approach to breaking the vicious cycle of subclinical ketosis involves using bitter
substances, such as those from Cichorium intybus or Taraxacum officinale, or the bitter
glycoside gentiopicrin from Gentiana lutea, to counteract inappetence. Additionally, the
stimulation of gastric secretion and the anti-emetic properties of Zingiber officinale Roscoe
may be beneficial. Impaired fat metabolism and fat deposition in the liver may be stabilized
by glycyrrhizin from Glycyrrhiza glabra L., as well as by T. officinale and Trigonella foenum-
graecum. Since the liver is the primary organ affected, cows with subclinical ketosis may also
benefit from the hepatoprotective effects of Z. officinale, C. intybus, G. glabra, and T.
officinale.

A recent study by Dorn et al. demonstrated a slight but significant advantage of combining
spirulina (SP) with a multicomponent herbal extract (HE) based on Camellia sinensis, C.
intybus, G. lutea, G. glabra, T. officinale, T. foenum-graecum, and Z. officinale compared to
using pure SP or a placebo (PL) alone in cows with subclinical ketosis. The combination also
showed a trend towards lower blood-BHB levels compared to pure SP (Durrer et al., 2020).

Plant bioactive complex

Kumprechtova et al. (2022) noted that among polyphenols, rosemary has been shown to
enhance antioxidant status and decrease lipid peroxidation and mid-lactation dairy cows.
However the antioxidant status indicators has measured, such as total antioxidant capacity
(TAC) and glutathione peroxidase (GSH-Px), did not show significant improvement with plant
bioactive supplementation (TAC: p = 0.08 at D+7 and D+14; GSH-Px: p > 0.1). Collecting
blood samples before the experiment began would have helped confirm the lack of statistical
differences among groups prior to the experiment, allowing for a more precise analysis of the
supplementation’s effects. It is stated found that supplementation with green tea and turmeric
extract from three weeks before calving to nine weeks postpartum reduced haptoglobin
levels (p < 0.10) and liver cholesterol concentration during the first and third weeks
postpartum. These findings suggest that the plant bioactive complex may support dairy cow
metabolism during the periparturient period. Kumprechtova et al. (2022) observed a
reduction in postpartum serum haptoglobin and better stability of serum parameters over
time, indicating reduced inflammation. In terms of energy status, there was a reduction in
postpartum serum NEFAs, suggesting lower adipose tissue mobilization. Plant bioactive
compounds with antioxidant and anti-inflammatory properties administered during the
transition period appear to improve health parameters in postpartum dairy cows.
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Kumprechtova et al. (2022) state in their work that a plant bioactive complex can help
support the metabolism of dairy cows during the peripartum period. A decrease in serum
haptoglobin levels after calving and greater stability of serum parameters over time suggest a
decrease in inflammation. In addition, the decrease in serum NEFAs after delivery indicates
a reduced mobilization of adipose tissue. Overall, plant bioactive compounds with antioxidant
and anti-inflammatory properties administered during the transition period appear to improve
health outcomes in postpartum dairy cows.

Welted thistle (Carduus crispus)

Considering the prophylactic and therapeutic properties of milk thistle (Silybum marianum)
and milk thistle burdock (Arctium tomentosum), there is a clear need to develop feed
additives for high-yield dairy cows that can help maintain metabolic processes at a sufficient
level to prevent the onset of ketosis. Milk thistle is a plant rich in essential oils and flavonoids
(such as silibinin, silicristin, and silidianin) that provide potent detoxifying, hepatoprotective,
antioxidant, and anti-inflammatory effects in humans. The plant also contains alkaloids,
saponins, oils, proteins, vitamin K, resins, mucilage, tyramine, histamine, as well as macro-
and micronutrients. The leaves, roots, and seeds of milk thistle possess medicinal properties.
This plant can be effectively combined with various herbal mixtures and tinctures for treating
certain diseases. Clinical pharmacology of hepatoprotectors has shown that milk thistle
exhibits antioxidant effects, prevents the development of connective tissue in the liver, and
has anti-inflammatory properties. Its beneficial impact extends to both the liver and the
gastrointestinal tract. Milk thistle is most effective when used in powder form, as it cleanses
liver cells at the micro level (Ovsiienko, 2020).

According to Ovsiienko (2020), two different recipes for the production of feed additives were
developed. The first recipe involved creating two types of hay flour from milk thistle and
welted thistle, which served as the base for granular feed additives. In the second recipe, hay
flour made from milk thistle and welted thistle was mixed with saponite flour and molasses in
the following proportions: 94 % hay flour, 3 % saponite flour, and 3 % molasses before
granulation.

It was established that a granular feed additive made from hay flour of milk thistle or welted
thistle, when used for feeding high-yielding cows during the transit period, reduces the level
of ketone bodies by 34.7-33.3 % compared to animals in the control group. Additionally, a
feed additive that combines hay flour from milk thistle or welted thistle with saponite flour and
molasses further lowers the concentration of ketone bodies by 13 % and 17 %, respectively,
compared to the additive made solely from hay flour of milk thistle or welted thistle
(Ovsiienko, 2020).

Chinese herbal supplements

Chinese herbal feed additives offer a natural, multifunctional, and non-toxic alternative for
reducing disease incidence in dairy cows, without the risks associated with antibiotic use.
These additives are primarily derived from the roots, stems, and leaves of plants, which
possess natural biological activities. Enzymes in the body convert the molecules from these
plants into forms that tissues can more easily utilize. Research indicates that these additives
improve disease resistance, promote fattening and weight gain, enhance feed utilization
efficiency, and shorten the feeding cycle, providing both safety and economic benefits. The
bioactive components in traditional Chinese medicines (TCM) can modulate microbial
community function and improve growth and nutrient digestibility in cows. For example,
Pericarpium citri reticulatae is commonly used in clinical practice to treat nausea, vomiting,
and indigestion, while Radix glycyrrhizae offers protective effects against damage caused by
heat and oxidative stress. In addition to these uses, Radix glycyrrhizae has also been
employed in the care of dairy cows (Cui, 2022).
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Oregano or green tea extracts

According to Stivanin et al. (2019) this study aimed to assess the impact of feeding dairy
cows with oregano (Origanum vulgare) or green tea (Camellia sinensis) extracts on their
feeding and social behaviors, intake, and overall health during the transition period. Twenty-
four Jersey cows were randomly divided into three groups: a control group (CON), a group
receiving 10 g/day of oregano extract (OE), and a group receiving 5 g/day of green tea
extract (GT). Throughout the experiment, researchers monitored feeding patterns, social
interactions, and health issues. The use of plant extracts did not alter dry matter intake (DMI)
before calving, but post-calving, the cows supplemented with oregano extract showed a
trend towards an increased DMI by 1,3 kg compared to the control group. The incidence of
metabolic disorders and both clinical and subclinical infectious diseases was similar across
all groups.

Feeding and social behavior, as well as the frequency of health problems, were observed
throughout the experimental period. Addition of herbal supplements did not affect pre-calving
dry matter intake; however, oregano supplementation after calving was associated with a 1.3
kg increase in dry matter intake compared to the control group. During the day before
calving, oregano supplementation was associated with a 38-minute reduction in time spent
lying down and an 8.6-minute reduction in time spent eating concentrate compared to the
green tea group. After calving, oregano reduced the time spent on concentrate feeding by
9.8 minutes compared to the green tea group and by 7.5 minutes compared to the control
group. In addition, cows receiving oregano had fewer total feeder visits than those in other
treatment groups. Before calving, when green tea was included in the diet, cows visited the
feeder 3.3 times more often and had 1.2 to 1.6 times fewer social interactions compared to
those in the oregano and control groups, respectively. Rates of metabolic disorders and
clinical and subclinical infections were comparable across treatments, but cows in the
oregano group that had disease showed clinical symptoms or subclinical diagnoses an
average of 8 days later than those receiving green tea (Stivanin et al., 2019).

The study found that oregano extract, but not green tea extract, had a tendency to improve
DMI and feeding rate in Jersey dairy cows during the early weeks post-calving. The extracts
had distinct effects on feeding and social behaviors, including the number of visits to the
feeding trough and social and aggressive interactions. Cows supplemented with oregano
extract tended to produce more milk and exhibit better feed efficiency compared to those
receiving green tea extract. However, the plant extracts did not reduce the occurrence of
diseases or metabolic disorders. Given the observed improvements in intake rate, feed
efficiency, and social behavior, oregano extract may help enhance cow welfare during the
transition period (Stivanin et al., 2019).

Green tea and curcuma extract

In this study, researchers examined whether supplementing dairy cows with a plant-based
product containing 95 % green tea and 5 % turmeric extract, both rich in polyphenols, could
reduce inflammation and endoplasmic reticulum (ER) stress in the liver during early lactation.
Twenty-seven cows were divided into two groups: a control group (n = 14) and a treatment
group (n = 13). Both groups were fed a total mixed ration, but the treatment group’s ration
was supplemented with 0.175 g of the plant product per kg of dry matter from three weeks
before calving until nine weeks after. There were no differences in dry matter intake and
energy balance between the groups during weeks 2 to 9 postpartum. However, the cows
receiving the plant supplement produced more energy-corrected milk during this period and
had lower levels of triacylglycerols and cholesterol in their livers at weeks 1 and 3 postpartum
compared to the control group (p < 0.05). Additionally, the supplemented cows tended to
have lower mRNA levels of haptoglobin (p < 0.10), though there were no significant
differences in the relative mRNA levels of eight genes involved in the unfolded protein
response in the liver between the groups. The relative hepatic mMRNA concentration of
fibroblast growth factor, a stress hormone triggered by various stress conditions, was
reduced in the supplemented cows at weeks 1 and 3 postpartum (p < 0.05) (Winkler et al.,
2015).
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The findings of this study suggest that supplementing dairy cows with a plant product made
of green tea and turmeric extract from three weeks before calving to nine weeks postpartum
had a moderate impact on inflammation but had a lesser effect on ER stress in the liver
during early lactation. However, the supplemented cows showed a reduction in hepatic
MRNA levels of FGF21, a stress-related hormone, and lower hepatic lipid concentrations.
This indicates that the plant product helped reduce metabolic stress in the liver. Additionally,
the supplementation led to an increase in energy-corrected milk yield during early lactation.
Overall, these results suggest that a plant product containing green tea and turmeric could
be beneficial in enhancing milk production and preventing fatty liver syndrome in dairy cows
during early lactation (Winkler et al., 2015).

CONCLUSIONS

The conclusion about the effectiveness of essential plants in the prevention of ketosis in
dairy cows indicates the significant potential of these herbal remedies as an alternative or
additional approach in the management of livestock health. Studies have shown that certain
essential plants can have a positive effect on metabolism, improve nutrient intake and reduce
the risk of developing ketosis. The use of plant extracts as nutritional supplements can
provide a natural way to maintain cow health, reducing the need for synthetic drugs and
improving productivity and animal welfare. However, in order to fully understand and optimize
the application of these herbs, additional research is necessary that would include long-term
effects, optimal doses and interactions with other nutrients and drugs. Based on current
knowledge, essential plants represent a promising tool in the ketosis prevention strategy, but
their use should be supported and supplemented by conventional methods and
recommendations of livestock nutrition and health experts.
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ABSTRACT

The presence of aflatoxins in pet food is often overlooked in practice until an incident occurs, which
has unfortunately become increasingly common in recent times. On the other hand, the perception of
the danger of these secondary metabolites of molds in the human food chain is generally at a
satisfactory level. For both humans and livestock, the maximum permissible levels in food are
regulated, so monitoring programs are part of the strategy of state control of food and feed safety in
European countries, including Serbia. However, the mycotoxicological situation for pet food is
different. Dogs are particularly sensitive to aflatoxins and often suffer fatal consequences. Considering
that pets are referred to as "companion animals”, it is clear that due to the emotional attachment of the
owners, each case represents a very sensitive and complicated challenge that exceeds the financial
losses typical for farms. The lack of knowledge about the effects of aflatoxins on the health of dogs
and the lack of regulations and controls for this type of feed are the most common causes of recent
outbreaks. The detour of contaminated grain from the human food chain into pet food is unacceptable
and the frightening consequences can only be avoided by increasing the level of information and
educating all stakeholders.The aim of this article is therefore to raise awareness of the importance of
controls and conscientious behavior in the pet food industry and to warn feed manufacturers and dog
owners about the negative effects that aflatoxins have on these animals.

Keywords: aflatoxins, dogs, pet food

INTRODUCTION

The production of dog food on a global scale has been developing successfully for years and
is still making great progress, but it is also a very demanding task. The most important goal is
to meet the diverse nutritional needs of dogs, which vary according to breed, age and activity
category. But the social status of the dog also contributes to this complexity: the increased
bond with humans (to the point of identification) and the strong urban integration which
induce the different requirements of both owners and animals (Schleicher et al., 2019).

Dry dog food formulations are based on derivatives of all types of meat and meat products,
usually from chicken, beef, pork, but also from other animal species (rabbit, quail, pheasant,
etc.). Protein components from soy are also used. Although dogs and cats do not have an
absolute dietary requirement for carbohydrates, most pet food manufacturers take advantage
of their ability to digest them, and use varying amounts of different grains, such as corn, rice,
wheat, barley and sorghum. These feedingstuffs are added due to their low cost and
acceptable nutritional value, which do not affect the taste and digestibility of the nutrients.
These ingredients are widely used as a source of energy, and additionally of some vitamins,
minerals, fiber and fats (Martinez-Martinez et al., 2021). As recently published by Zhou et al.
(2024), cereal ingredients make up between 30 and 50% of pet food formulations, in some
cases, even reaching 70% (Kempe et al. 2008), and they are also used as fillers to improve
croquette consistency (Witaszak et al. 2020).

Although great attention is paid to the production of food for pet animals, there are
sometimes disputes regarding its safety and quality. Many potential threats endanger pet
food, making it necessary to apply appropriate standards in production. In the EU and
Serbia, most food safety criteria for pets are self-regulated by the industry, which encourages
manufacturers to follow guides to good practice. The European pet food industry uses the
Guide to Good Practice for the Manufacture of Safe Pet Foods (FEDIAF, 2018). Among the
various health problems caused by food, the appearance of mycotoxicoses is a great
concern. Reports of clinical cases of mycotoxicoses in dogs are scarce, but there is ample
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evidence in the literature regarding the geographic distribution of aflatoxigenic fungi and their
secondary metabolites in both complete dog feed and ingredients, leading to aflatoxicosis in
dogs.

And yet, neither European nor Serbian regulations have been established for mycotoxins in
dog food. However, although the legislation on animal feed provides a framework for
ensuring that feedstuffs do not present any danger to animal health or to the environment,
the main focus of mycotoxin limits are the farming animals and, ultimately, the human food
safety. That is, there are no such specific MRLs for grain-based dog and cat foods, as they
are grouped as "non-food-producing animals" according the food laws (Macias-Montes et al.,
2020). Therefore, pet food is regulated by the maximum mycotoxin contamination levels for
all feedstuffs rather than by pet-specific legislation. In the European Union, the list of hazards
in the FEDIAF Guide To Good Practice for the Manufacture of Safe Pet foods (2018)
includes mycotoxins. The possibility of raw material contamination or final products during
transport and storage is emphasized. It is also highlighted that higher risk depends on the
geographical origin of incoming material and weather conditions, while the occurrence of risk
is linked to the quantity of cereals and vegetables used in the recipes.

Therefore, this paper is intended to raise awareness of the risk to which dogs are exposed in
conditions where aflatoxins (but also other mycotoxins) are evidently detected more and
more often, while specific regulations do not exist, and to indicate the urgent need for regular
control mechanisms.

ETIOLOGY OF AFLATOXICOSIS IN DOGS

Today, the origin of aflatoxins as secondary metabolites of molds in the genus Aspergillus,
mainly species A. flavus and A. parasiticus, is very well known. These molds infest cereals,
and in conditions of major climate changes they are increasingly present, while mycotoxins
generally become an unavoidable reality (Nesic, 2018). As published by Kos et al. (2024),
rainy and wet conditions favor the growth and development of Fusarium species and the
synthesis of Fusarium metabolites (e.g. 2014), while Aspergillus metabolites are scarce in
maize samples from the same year. Conversely, hot and dry conditions increase the
prevalence of Aspergillus metabolites. The results from Serbia summarized in their 15-year
review indicate a strong dependence of contamination on weather conditions providing
extensive data particularly for maize.

Cereals are usually integrated into dog feed, especially maize, sorghum, rice, wheat, oats,
barley, etc., as a good source of nutrients, but they also present a significant risk for the
health of dogs because they are vulnerable to contamination by Aspergillus fungi both in the
field and in storage. The situation is complicated by the fact that commercial dry food is used
as the sole or main source of the dog diet and all the amount contained on each bag is
usually eaten until it is exhausted. If it is contaminated, this may cause a prolonged ingestion
of toxic metabolites, and even if at low doses (Hernandez et al., 2020), can induce adverse
health effects, in this case named aflatoxicosis. The aflatoxins are primarily hepatotoxic and
cause liver damage in animals with aflatoxin B1 being most toxic, followed by aflatoxins G1,
B2, and G2. Susceptibility varies with breed, species, age, dose, length of exposure and
health and nutritional status.

The presence of mycotoxins affects the quality and safety of food and feed, posing serious
consequences for both human and animal health. Unfortunately, in practice, primarily food-
producing animals are taken into consideration. Regulations in this area only prescribe
maximum permissible limits for humans and farm animals (EU, 2011; Serbia, 2014). All other
species are neglected, which does not mean they are spared from adverse effects in practice
or do not face problems caused by contamination. On the contrary, neglect puts these
species, including dogs, at an even greater disadvantage. Due to the lack of control or
ignorance of pet food producers, contaminated grains can end up in dog food, whether
intentionally or not.
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CLINICAL PICTURE OF AFLATOXICOSIS IN DOGS

Research on the toxicity of aflatoxins in dogs began in the 1960s, but still compared with
other species, the effects of aflatoxins in dogs are less well documented (Aquino & Correa,
2011). Yet there are reports showing that the median lethal dose (LD50) of AFB1 for dogs is
0.5-1.5 mg/kg body weight, while clinical manifestations are observed at doses from 60
pg/kg of aflatoxins in feed, as shown by Stenske et al. (2006) in the USA cases from
December 2005. Table 1 shows some cases of dog aflatoxicosis described in the literature,
although the number of these publications is very limited and rare.

Table 1. Cases of dog aflatoxicosis described in the literature

Content of aflatoxins in Number of Mortality (%) Reference
feed or feedstuffs (ug/kg) affected dogs

89.0 — 191 (feed) 4 100 Reis-Gomes et al., 2014
1640 — 1770 (corn) 65 92 Wouters et al., 2013

80 - 300 (feed) 50 68 Bruchim et al., 2012

<5 — 4946 (feed) 100 96 Arnot et al., 2012

48 — 800 72 36 Dereszynski et al., 2008
223- 579 9 100 Newman et al., 2007

Diagnosing mycotoxicosis is a significant challenge for veterinarians due to the complexity of
differential diagnosis. The disease syndromes induced by mycotoxins can easily be mistaken
for other health conditions caused by pathogenic microorganisms. Additionally, as said
before, symptoms can vary widely depending on the breed, age, health status, and nutritional
status of the animal. In all species, the liver is the primary target organ after ingestion of
aflatoxin. In dogs, aflatoxicosis presents with digestive, hemodynamic, and nervous system
alterations. Digestive symptoms include vomiting, anorexia, hematemesis, hematochezia,
and melena. Hemodynamic changes may include ascites, peripheral edema, jaundice,
dehydration, decreased blood pressure, hemorrhagic diathesis, and petechiae on the
mucous membranes. Clinical signs associated with central nervous system disorders may
manifest as depression, vocalization, stupor, seizures, and coma due to hepatic
encephalopathy. (Arnot et al., 2012; Bruchim et al., 2012; Dereszynski et al., 2008).

Changes in blood biochemistry are also noted: an increase in the specific activity of liver
enzymes such as alanine aminotransferase (ALT), aspartate aminotransferase (AST), and
alkaline phosphatase (ALP). Coagulation tests in cases of dog aflatoxicosis show a decrease
in the blood's ability to clot, evidenced mainly by an increase in prothrombin time (PT) and
activated partial thromboplastin time (aPTT), as well as a decrease in antithrombin in
plasma, protein C activity, and coagulation factor VII (Prins et al., 2010). Additionally, a
decrease in fibrinogen and platelets, delays in coagulation, and disseminated intravascular
coagulation (DIC) with depletion of coagulation factors are observed. The hemorrhagic
effects of aflatoxins are attributed to their chemical structure, which contains a coumarin ring
with an anticoagulant effect (Martinez-Martinez et al., 2021). Liver failure also leads to
changes in other parameters (Newman et al., 2007). Hyperbilirubinemia, an increase in total
bilirubin, and a decrease in total proteins and albumin can be seen, as well as a decrease in
cholesterol concentrations due to cholestasis resulting from fibrosis of the bile ducts.
However, it is often challenging to definitively attribute a disease outbreak to aflatoxins based
solely on clinical symptoms, biochemical parameters, and macroscopic findings, as these
can be nonspecific and misleading. To accurately diagnose mycotoxicosis, feed analysis and
histopathology examinations are essential. Histological assessment of the livers of affected
animals, as well as analyzing the feed for mycotoxin content, are critical steps in confirming
clinical diagnoses (Aquino and Correa, 2011).
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THERAPY OF AFLATOXICOSIS IN DOGS

There is no real therapy for mycotoxicosis. The treatment of aflatoxicosis is exclusively
symptomatic and supportive (Bruchim et al., 2012; Stenske et al., 2006). It includes the
administration of an electrolyte solution containing additional potassium chloride. Nutritional
support is based on total parenteral nutrition with intravenous fluids and transfusions of fresh
frozen plasma to correct the dehydration and hypovolemia that occur in these cases. The
dogs are also given S-adenosylmethionine and the milk thistle derivative silymarin to treat
the liver. Vitamin K1 is administered to promote the activation of blood clotting, as aflatoxins
such as coumarin have an anticoagulant effect. In addition to broad-spectrum antibiotics
(ampicillin, enrofloxacin) against secondary and systemic infections caused by aflatoxin-
mediated immunosuppression, antiemetics and agents to protect the gastrointestinal mucosa
(famotidine and sucralfate) are prescribed. Vitamin E is used to prevent lipid peroxidation
and damage to liver cell membranes, and L-carnitine reduces oxidative damage (Martinez-
Martinez et al., 2021).

CONCLUSIONS

Based on the summarized data, the obtained conclusions are as follows:

A control program for mycotoxins should cover the pet food industry, and the Hazard
Analysis Critical Control Point (HACCP) criteria are required to include these contaminants
as well. In addition, scientifically based regulations for the acceptable limits of mycotoxins in
pet food would be beneficial. However, strict regulations would increase competition with the
human food chain, leading to higher costs for pet food and lower profits for the industry. So
the right balance needs to be found and implemented.

The safety of food for cats and dogs is of paramount interest to manufacturers, as long-lived
healthy consumers contribute to increased sales. Therefore, any mishap regarding product
safety or quality can have disastrous consequences for the company's profits, reputation and
viability. The health of pets is also of great emotional importance to their owners, which
makes pet food manufacturers even more responsible for the safety and quality of their
products. That is why conscientious business operations and the application of good
production practices must not be questioned.

Nevertheless, owners are not exempt from responsibility for the health of their pets. They
must ensure that the pet food is stored in such a way that it is not contaminated with fungi.
Open bags should be placed in a clean and dry place that is ventilated and protected from
moisture and other environmental influences. The shelf life of commercial products must also
be taken into account.

This paper is intended to help producers and owners deal with this, at least sporadically,
unavoidable problem, with the ultimate goal of ensuring permanent well-being for man's best
animal friend.
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ABSTRACT

Microplastics (MPs) enter animals’ bodies (digestive, respiratory system and skin) through
contaminated water or feed/food. This can lead to the accumulation of plastics in their bodies, which
may be transferred to humans through consumption of animal products. MPs have been shown to
cause various health issues in all living organisms, such as inflammation, oxidative stress, and cellular
damage. Their different distribution routes depend on their physical and chemical properties, and they
can also act as a carrier of other harmful substances and microorganisms. MPs have even been
discovered in animal products such as milk and eggs. Their harmful effect upon living organisms is still
unknow, however, there is evidence of absorbed particles presence in the gonads. As a consequence,
more expressed ovarian cysts, more frequent corpora lutea presence, dilatation of the oviducts, lower
number of growing follicles, a thinner layer of the granulosa cells in female mouse and rats were
noticed. In the testes of male animals an increase in superoxide dismutase (SOD) and
malondialdehyde (MDA) activities were described as a result of antioxidative response after MPs
exposure. Toxicological research has demonstrated that MPs elicit toxic reactions in pig testicular
cells, leading to apoptosis and necrosis of testicular tissue. In mice, presence of MPs is connected
with downregulation of testosterone, LH (luteinizing hormone), FSH (follicle-stimulating hormone) and
AMH (anti-Mullerian hormone) concentrations. In marine vertebrates, long-term exposure to MPs has
been shown to cause weakening of the thyroid endocrine function, leading to a decreased ability to
regulate growth, development, metabolism, and reproduction. Data for MPs effect upon livestock is
lacking or limited, therefore, more studies should investigate alternative ways in which microplastics
are excreted in livestock. In conclusion, microplastics pose a serious threat to animal health, affecting
a wide range of species across different environments. Addressing this issue, requires a concerted
effort from scientists, policymakers, industries, and the public to reduce plastic pollution and protect
animal health.

Keywords: microplastic, food chain, livestock, reproductive health, endocrine system

INTRODUCTION

In the last 50 years or more, the production and distribution of plastic has increased, to the
point that the current era is referred to as the “Plasticene” (Campanale et al., 2020) or
“Plastic age" (Thompson et al., 2009). Between 2010 and 2021, the volume of plastic waste
generated per inhabitant increased by about 29% (+8.1 kilos per person). In 2021, only 6,56
million tons of plastic waste were recycled (European Parliament, 2018). Due to the long-
term decomposition time of plastic, significant amounts of microplastics and nanoplastisc
remains in the environment. These particles can form unintentionally when larger pieces of
plastic deteriorate, but they can also be intentionally manufactured and added to products for
specific purposes for their beneficial properties, such as texture enhancement, exfoliation, or
as emulsifiers. Some of the key products that often contain intentionally added microplastics
include cosmetics, cleaning products, paints, coatings, fertilizers and pesticides. According to
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the European Chemicals Agency (ECHA) around 145 000 tons of microplastics are
estimated to be used in the EU/EEA each year (ECHA, 2023).

Microplastics (MPs) are defined as tiny plastic particles measuring from 1 ym to 5 mm in size
(Welden and Lusher, 2020). Multiple studies have confirmed the widespread presence of
microplastics in various environmental settings, including remote aquatic and terrestrial
locations. (Martins et al., 2020; Mclvor et al., 2022; Feng et al., 2023) Almost every day new
investigation brings information about detection of MPs in the water, soil, groundwater,
drinking water, complete food chain, different parts of organs in aquatic and terrestrial
animals, even humans body and liquids (Hurley et al., 2018). The complexity of the problem
is evident from the multitude of factors such as affected species, types of MPs,
concentrations, routes and durations of exposure, and yet unexplored interactions with
environmental substances, microorganisms, medicines and food/feed ingredients.

INFLUENCE OF MPS ON THE LIVING WORLD

Numerous researchers have demonstrated the negative impact of MPs on aquatic animals
such as: physical blockages in the digestive tract, which reduce r animal's ability to feed
properly; slow growth; increased oxidative and physiological stress; and reduced enzymatic
activities due to the adsorption of other harmful pollutants from the water (such as heavy
metals and persistent organic pollutants, mainly polyaromatic hydrocarbons). These effects
can lead to liver toxicity, disruption of endocrine function, reduced immunity, and finally,
harmful effects on the reproductive systems of marine animals (Sutton et al., 2016; Mallik et
al., 2021). In contrast, the presence of MPs in terrestrial ecosystems is still understudied.
The complexity of distribution patterns and pathways on land is likely the main factor
contributing to this issue, along with the identification of aquatic systems as a primary
endpoint for MP pollution. Additionally, MPs on land are often difficult to detect due to
masking by vegetation and soils (Malizia and Monmany-Garzia, 2019). Some laboratory
studies have shown that earthworms can play a crucial role in redistributing MPs, as their
actions lead to an increased downward movement of MPs in soil (Rillig et al., 2017).
Terrestrial animals including livestock can ingest microplastics through contaminated water
or food. This can lead to the accumulation of plastics in their bodies, which may then be
transferred to humans through the consumption of animal products. In humans, microplastics
have been shown to cause various health issues, such as inflammation, oxidative stress, and
cellular damage, primarily due to their physical and chemical properties. The mechanisms of
MP's harmful effects are complex because of various entry points in the body (skin,
respiratory, digestive system), different distribution routes depending on the chemistry (blood
stream, different receptors; Benson at al., 2022, Veen et al., 2022), and their protentional role
as carriers of other harmful substances and microorganisms (Ullah et al., 2023). Initially,
there was limited concern when MP particles were found in feces, as it was thought that it
passed through the digestive system and exited without causing harm (Beriot et al, 2021).
However, concern has increased with the realization that MPs can enters the bloodstream
and be distributed throughout all organ systems continuing their way up the food chain (Veen
et al., 2022). The same authors have found polyvinyl chloride (PVC-P), PE, and polymers of
styrene (Styr-P) in pigs and cows' blood. There is evidence that MP particles are transformed
by the bovine rumen micropopulation (Wu et al., 2022); plastic polymer type polyethylene
was present in the cows feed and polypropylene was found in the manure. The highest
concentration of MPs, (0.19 items/g) was found in cows’ meat. Predominant polymer types
were nylon and fiber cow and sheep tissues (Bahrani et al., 2024). MPs have even been
discovered in animal products, such as milk and eggs (Da Costa Filho et al., 2021; Liu et al.,
2022). MP concentrations in the egg yolk were higher (8.95 MP egg—-1) compared with the
egg white (3.40 MP egg-1) (Liu et al., 2022). Therefore, more studies should investigate
alternative ways in which microplastics are excreted in livestock (Aardema et al., 2024).

A study on the impact of microplastics on the fungal community during cow manure and
sawdust composting found that MPs, particularly polyethylene and polyhydroxyalkanoate,
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affected the diversity of the fungal community and increased the number of phytopathogenic
fungi in the compost (Zhou et al., 2022).

IMPACT OF MICROPLASTICS ON REPRODUCTIVE HEALTH

A significant amount of plastic is used on farms and enters the environment through many
sources: transportation, building constructions, agricultural production, plastic-coated
fertilizers and biosolids (Okoffo et al., 2021). Long-term application of biosolids, often leads
to the fragmentation of plastic into smaller particles, due to the UV radiation, water and wind
(Briasouliss et al., 2015). Animal manure is another source of microplastics due to its
widespread use as fertilizer on farmlands across the world. The application of chicken
manure compost mixed with NPK fertilizer on agricultural soil for 13 years contributed 1.61 x
1079 MP particles per hectare, according to Zhang et al., 2022. Additionally, a recent study in
the U.S. found that topsoil amended by cattle manure has on average 1.1 + 0.3 MP patrticles
per gram of dry weight (Beni et al., 2023). Drinking water is also a notable source of MPs in
farms which is proven recently in the World Health Organization’s (WHO) report on
“Microplastic in drinking water”. This document confirms that we still do not know how MPs in
water influence health, but it may be similar to the act on marine organisms in the oceans
(WHO, 2019). However, if we do not know how harmful microplastics are for the living
organism, there is evidence that small absorbed particles reach the gonads (Piehl et al.,
2018). This accumulation is always connected with reproductive dysfunction. Wei et al.
(2022) informed about more expressed ovarian cysts, more frequent corpora lutea presence,
dilatation of the oviducts, lower number of growing follicles, a thinner layer of the granulosa
cells in the female mouse and rats. In the testes of male animals an increase in SOD and
MDA activities were described as a result of antioxidative response after MPs exposure
(Deng et al. 2021). Toxicological research has demonstrated that MPs elicit toxic reactions in
pig testicular cells, leading to apoptosis and necrosis of testicular tissue (Wang et al., 2022).
Microplastics and nanoplastics induce the proinflammatory and prooxidant processes, as
well as disrupt reproductive hormone concentrations in male and female animals. Regarding
inflammatory effectors, plastic particles have been shown to upregulating the abundance of
TNF-a (tumor necrosis factor), interleukin IL-113, IL-6, IL-8 and the apoptotic factor caspase-3
(Wang et al.,, 2022). The hormonal panel showed a consistent downregulation of T4
(testosterone), LH (luteinizing hormone), FSH (follicle-stimulating hormone) and AMH (anti-
Mullerian hormone) concentrations (Jin et al., 2022). The same authors had found that
accumulation of MPs in testes of mice decreased sperm quality and testosterone
concentration. Consequently, inflammation of the testis and male reproductive dysfunction
had occurred (Jin et al., 2022). After exposure to polystyrene microplastics, the
concentrations of FSH, LH and T4 decreased while estradiol level increased in the serum of
male mice. In contrast, the observed hormonal changes in females were the opposite (Wei et
al., 2022).

IMPACT OF MICROPLASTICS ON ENDOCRINE SYSTEM

Microplastics often carry harmful chemicals and additives that they have absorbed, including
endocrine disrupting compounds (EDCs), such as bisphenols, phthalates, polybrominated
and polychlorinated biphenyl ethers, and perfluorinated compounds. They are known to
disrupt the hormonal system by mimicking or blocking nuclear receptors like androgen and
estrogen receptors (Galloway et al., 2017). One study examined the sorption behaviors of
three EDCs on polyamide MPs under simulated environmental conditions, finding that
polyamide MPs have the potential to serve as carriers of these EDCs in environmental
systems (Lara et al., 2021). In a more recent study, it is indicated that the presence of MPs
leads to differences in the adsorption capacity between regular soil and soil contaminated
with MPs. A potentially improved retention in soil due to stronger interactions between
bisphenol A and the polyamide MP patrticles was observed as well (Pozo et al., 2024). This
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raises concern since increased affinity of EDCs for adsorption onto MPs may result in their
higher accumulation, raising the risk of better bioavailability to soil organisms, and
subsequently farm animals.

There is limited number of research studies on the direct effects of MPs on the mammalian
endocrine system. However, long-term exposure to MPs and associated chemicals has been
shown to weaken of thyroid endocrine function, leading to a decreased regulation of growth,
development, metabolism, and reproduction in marine vertebrates (Kloas et al., 2009).
Nanoplastic particles have been found to not only significantly inhibit the proliferative
capability of pig kidney cells, but also to induce inflammation and cell senescence, leading to
mitochondrial damage and the accumulation of mitochondrial reactive oxygen species,
ultimately resulting in cellular inflammation and death (Lu and Wei, 2024).

CONCLUSIONS

Microplastics pose a serious threat to animal health, affecting a wide range of species across
various environments. Addressing this issue requires a concerted effort from scientists,
policymakers, industries, and the public to reduce plastic pollution and protect animal health.
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ABSTRACT

Lactic acid bacteria in fermented sausages contribute to fermentation by several positive effects, like
acidification, desirable degradation of initial sausage components, competitiveness and production of
inhibitory compounds such as bacteriocins. Heteroferementative microbiota, in addition to lactic acid,
produce to a lesser extent also acetic and formic acids, hydrogen peroxide, carbon dioxide and
ethanol. However, higher quantities of these substances can lead to flavor, color and textural
problems of the final products, like sour taste, hole formation and/or grey discoloration of sausages.
Among additional processing measures for improving quality, high pressure technology is used mainly
to increase shelf life and the safety of meat products. The aim of the study was to examine
heterofermentative activity in dry fermented sausages produced without or with starter culture and
processed by high pressure at the early stage of ripening. Application of high pressure at the optimal
moment reduced significantly counts of colonies with heterofermentative activity in products without
starter culture. Percentage of heterofermentative microbiota decreased from 50.6% to 6.5% in the
total population of lactic acid bacteria in pressurized sausages, compared to untreated counterparts.
Also, ratio of microbial community members assessed by amplicon 16S rRNA metataxonomics show
that in total population percentage of obligate heterofermentative Leuconostoc genus clearly
decreased (23.3% to 11.6%), while the percentage of Latilactobacillus increased (14.9% to 31.3%) in
final products after high pressure treatment. Expectedly, in sausages with starter culture (pressurized
or not) no colonies with heterofermentative activity were detected. The patterns of changes of main
physicochemical parameters (pH and a,,) in all sausages during ripening were usual for this type of
products. Results showed that the application of high pressure at the optimal moment of the sausage
ripening induces reduction of indigenous lactic acid bacteria heterofermentative activity.

Keywords: lactic acid bacteria, high pressure processing, sausages, heterofermentation, preservation

INTRODUCTION

Lactic acid bacteria (LAB) in fermented sausages contribute to fermentation by several
positive effects, like acidification, desirable degradation of initial sausage components,
competitiveness and production of inhibitory compounds such as bacteriocins.
Heteroferementative microbiota, in addition to lactic acid, produce to a lesser extent also
acetic and formic acids, hydrogen peroxide, carbon dioxide, ethanol and other substances
which contribute positively to the safety and sensorial quality of fermented products.
However, higher quantities of these substances can lead to flavor, textural and color
problems like sour taste, hole formation and/or grey discoloration of sausages (Labadie,
2007; Koch, 2004). Among additional processing measures for improving quality, high
pressure as a novel technology is used mainly at the final stage of production to increase
shelf life and the safety of meat products. Application of high pressure just after fermentative
microbiota reach maximum levels is a promising new approach in processing of dry
fermented sausages and there are no previous studies about impact of this new approach
on heterofermentative activity of lactic acid bacteria in such treated products. So, the aim of
the study was to examine heterofermentative activity in Spanish dry fermented sausages
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produced without or with starter culture and processed by high pressure at the early stage of
ripening.

MATERIAL AND METHODS

The composition of chorizo type of sausages was: pork meat (72%), pork back fat (21%),
spices (3.5 %, paprika, garlic, oregano), NaCl (1.6%) and Ligavi 384® (1.8 % dextrin and
dextrose 82.5%,pork proteins 17.5%), The batter was stuffed into natural pork casings (32-
34 mm diameter). Half of the sausages were produced with starter (Latilactobacillus sakei,
Pediococcus acidilactici, and Staphylococcus carnosus) and another half as artisanal
(without starter). Experimental design is presented in Figure 1:

l Meat batter (day 1)
) l
| ] |

Sausages without starter Sausages with starter
Artisanal -A Starter - S

l ' l
[ O I o [ — |

Not HPP HPP Not HPP HPP
ANP (Control) AP SNP SP

Figure 1: Scheme of the experiment
Legend: ANP - Sausages without starter and without HPP; AP - sausages without starter and with HPP; SNP -
sausages with starter and without HPP; SP - sausages with starter and with HPP

Sausages were stored in a ripening chamber with temperature and humidity control (12-
14°C; 75% RH) for 5 weeks. Physico-chemical analyses were performed on sausages at the
start (day 1), at the mid-process (day 18) and at the end of the process (day 36).
Examination of physico-chemical parameters in sausages comprised of determination of a,,
and pH using LAB swift-a,, Euro-plug&BAT set equipment (Novasina) and pH meter, Crison
pH 25 (Crison Instruments), respectively.

High pressure treatment (300 MPa, 5 min) was applied on sausages after 7 days from the
beginning of the process, i.e. when LAB have already grown to their maximum level. For that
purpose industrial hydrostatic pressure unit (Wave 6000/135, Hyperbaric) was used. After
high pressure processing (HPP) sausages were returned to the ripening chamber for
ripening. All sausages (pressurized or not) were microbiologicaly examined after 36 days of
production.

Lactic acid bacteria counts were determined on Lactic Acid Bacteria Count Plates (3M
Health Care) at 30°C for 48 h (AFNOR validated method 3M 01/19-11/17).
Heterofermentative activity of LAB was also evaluated on LAB Count Plates and its
manifestation was presented as colonies with bubbles, in accordance with the
aforementioned producer interpretation guide.
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Evolution of microbial communities was assessed by amplicon 16S rRNA metataxonomics.
Amplicon sequencing of the 16S rRNA gene was done with the lllumina Miseq platform
using 300 bp pair-end sequencing. The primers used were S-D-Bact-0341-b-S-17 (5'-
CCTACGGGNGGCWGCAG-3) and S-D-Bact-0785-a-A-21 (5-
GACTACHVGGGTATCTAATCC-3) (Carrasco et al., 2020), which amplify the V3-V4
hypervariable region of the 16S rRNA gene, giving an average amplicon length of 430 bp.
PCR amplification, preparation of Miseq libraries, and sequencing were performed at the
sequencing platform of Centro de Investigacion Biomedica de La Rioja (CIBIR), Spain.

RESULTS AND DISCUSSION

Levels of pH in control (ANP) and sausages with starter (pressurized or not) were similar
during ripening, while in pressurized sausages without starter values became somewhat
higher probably due to inhibition of indigenous microbiota by HPP to a moderate extent.

EEN ANP [T1AP [ SNP [ SP

pH value

Start (day 1) Mid (day 18) End (day 36)
Period of ripening

Figure 2. pH value in sausages

The water activity in all sausages gradually decreased during ripening reaching final values
below 0.9 at the end of the production (Figure 3). These results are similar with previous
findings regarding traditional Spanish type of sausages manufactured at low temperature
and relative humidity conditions (Latorre-Moratalla et al., 2010). However, presence of
starter culture and HPP induced in sausages more intensive decrease of water activity
during ripening probably due to increase in denaturation of proteins with consequently easier
evacuation of water.
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Figure 3. Water activity in sausages

Application of high pressure after 7 days of ripening markedly reduced counts of colonies
with heterofermentative activity in products without starter culture (Table 1). Percentage of
heterofermentative microbiota decreased from 50.6% to 6.5% in the total population of lactic
acid bacteria in pressurized sausages, compared to untreated counterparts. Expectedly, in
sausages with starter culture (pressurized or not) no colonies with heterofermentative activity
were detected.

Table 1. Count of lactic acid bacteria in dry fermented sausages at the end of production

Batches of sausages

Lactic Acid Bacteria Unit

ANP AP SNP SP
Number of all colonies logl0 + SD 9.4+0.3 89+04 8.7+04 74+04
Number of colonies with log10 + SD 9.1+03 78+05 NF NF
bubbles
Percentage of colonies with % 50.6 65 ND ND

bubbles in all colonies

NF — Not found; ND — Not determined

The ratio of microbial community members indicates that in total population percentage of
obligate heterofermentative Leuconostoc genus clearly decreased (from 23.3% to 11.6%),
while the percentage of homofermentative Latilactobacillus increased (from 14.9% to 31.3%)
in final products, after high pressure treatment (Table 2). In sausages with starter culture
Latilactobacillus genus decreased from 94.3% to 86.6% after HPP, probably due to the
effect of pressurization on selected starter strain, which consequent increased competition of
indigenous genera in sausage matrix during the remaining ripening period. In sausages with
starter culture presence of Leuconostoc genus was negligible, weather products were
pressurized or not.
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Table 2. Ratio of Latilactobacillus and Leuconstoc in dry fermented sausages at the end of production

Percentage of genus in Batches of sausages

microbiota community ANP AP SNP SP
Latilactobacillus 14.9% 31.3% 94.3% 86.6%
Leuconostoc 23.3% 11.6% 0.06% 0.04%

CONCLUSIONS

The patterns of changes of main physicochemical parameters in all sausages (pressurized
or not) during ripening were usual for this type of product.

The results showed that applying high pressure at the optimal moment during sausage
ripening induces a reduction in the heterofermentative activity of indigenous lactic acid
bacteria and their potentially negative effects on the quality of these products.
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ABSTRACT

Microplastics have become a major environmental concern, contaminating water, soil, and air, and
impacting crop quality, food safety, and human health. They enter agricultural systems through
irrigation water, soil amendments, flooding, and atmospheric deposition. Microplastics can alter soil
structure and fertility, and plants can absorb them, leading to food chain contamination. Domestic
animals ingest microplastics through contaminated feed, further exacerbating the issue. Addressing
microplastic contamination in agriculture requires policy measures, sustainable practices, waste
management, and public education. The EU's strategies, such as the European Green Deal and the
EU Plastics Strategy, aim to reduce environmental impacts through regulations like REACH and the
Single-Use Plastics Directive, promoting biodegradable alternatives and enhancing recycling.
Monitoring microplastics in irrigation water and soil is essential for understanding contamination levels.
Standardized detection methods ensure consistent data and reliable assessments. Microplastics pose
food safety risks as they accumulate in animal tissues and carry harmful chemicals like persistent
organic pollutants and heavy metals. Ingested by humans, these chemicals can cause inflammation,
oxidative stress, and endocrine disruption, increasing health risks. The ECO(RE)ACT project, funded
by Interreg IPA Croatia-Serbia, aims to reduce microplastics contamination and enhance climate
change resilience in Croatia and Serbia through agricultural plastic waste management, ecosystem
monitoring, and innovative mitigation solutions. By leveraging cross-border expertise, the project
seeks to reduce microplastics contamination and promote sustainable agricultural practices.
Keywords: Microplastics contamination, Agricultural systems, Food safety, Environmental health

INTRODUCTION

Microplastics have become a significant environmental issue in recent years. They originate
from the breakdown of larger plastic waste or the use of plastic microbeads in products
(Rocha-Santos & Duarte, 2015). These tiny particles are ubiquitous, contaminating water,
soil, and even the air we breathe. Their presence in agricultural systems directly threatens
crop quality and food safety, ultimately impacting human health.

Microplastics enter agricultural systems through various pathways, including contaminated
irrigation water, soil amendments like compost and sludge, flooding of agricultural fields, and
atmospheric deposition. These particles can accumulate in the soil, affecting its structure and
fertility (Rai et al., 2023). Moreover, plants can absorb them, entering the food chain and
posing risks to human health (Baho et al., 2021). Domestic animals can also ingest
microplastics through contaminated feed, exacerbating the issue. The omnipresence of
microplastics in environment necessitates a comprehensive approach for effective solution.

POLICY FRAMEWORK AND NECESSARY INFRASTRUCTURE FOR REDUCING
MICROPLASTICS

Addressing microplastic pollution in agriculture requires a combination of policy measures,
sustainable practices, improved waste management, and public education.

Governments must play a crucial role in reducing microplastic contamination through
regulations that limit plastic use and improve waste management practices. The European
Union has implemented a multi-faceted approach to combat microplastic pollution,
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integrating strict policy frameworks, sustainable agricultural practices, enhanced waste
management strategies, and comprehensive public education initiatives. At the heart of these
efforts lies the European Green Deal (European Commission, Directorate-General for
Communication, 2021), launched in 2019 to guide the EU towards climate neutrality by 2050
and promote a circular economy that minimizes environmental impact across all sectors.
Central to this plan is the EU Plastics Strategy, introduced in 2018, aimed at reassessing the
lifecycle of plastics from production to disposal to mitigate their harmful effects on
ecosystems.

The EU regulatory framework includes REACH regulations (Regulation (EC) No 1907/2006)
and the Single-Use Plastics Directive (Directive (EU) 2019/904), complementing efforts to
combat microplastic pollution. The REACH regulation, supported by Commission Regulation
(EU) 2023/2055, bans synthetic polymer microbeads in products and mandates producers to
ensure their safe disposal. Simultaneously, the Single-Use Plastics Directive restricts plastics
contributing to microplastic pollution, promotes alternatives, and strengthens recycling efforts
to reduce environmental impact.

Encouraging agricultural producers to reduce plastic and microplastic usage requires a
comprehensive approach (Briassoulis, 2023). Governments can incentivize changes through
financial incentives and regulatory frameworks that encourage the use of biodegradable
alternatives and limit harmful plastics. Educational campaigns are essential for raising
awareness among farmers about the environmental impacts of plastics and microplastics,
providing training and showcasing successful sustainable practices. Technological
innovations, such as biodegradable mulches and precision agriculture, play a crucial role in
resource optimization and reducing plastic use (Kiran et al., 2022).

Improving recycling infrastructure tailored to agricultural plastics and promoting circular
economy practices further supports sustainable waste management. Collaboration with
industry stakeholders, community engagement, and funding for research and development
are also critical to fostering innovation and ensuring the widespread adoption of sustainable
practices in the agricultural sector. This integrated approach would reduce environmental
harm while enhancing the efficiency and resilience of farms in changing climatic conditions
(Briassoulis, 2023).

Effective waste management is crucial for reducing the release of microplastics into the
environment (Kiran et al., 2022). Advancing recycling systems to ensure proper processing
and reuse of plastic can reduce the amount of plastic waste degrading into microplastics.
Additionally, reducing reliance on single-use plastics and promoting the use of biodegradable
alternatives can further decrease the amount of plastic waste entering the environment
(Rafig & Xu, 2023).

Raising public awareness about the sources and impacts of microplastics is crucial for
driving behavioral change. Educational campaigns can inform consumers about the
importance of reducing plastic consumption and encourage them to make more sustainable
choices. By promoting a culture of environmental responsibility, we can collectively reduce
the demand for plastic products and decrease overall microplastic production (Briassoulis,
2023).

MONITORING MICROPLASTICS IN IRRIGATION WATER AND SOIL

Effective monitoring of microplastics is essential for understanding the extent of
contamination and implementing appropriate reduction measures. Regular monitoring
programs can track changes in microplastic levels over time and help identify contamination
sources. Detecting the presence of microplastics in irrigation water sources and soil poses
significant challenges due to the small size of microplastic particles, their widespread
distribution, and complex detection methods (Pérez-Reveron et al., 2022).

Detecting microplastics in water samples requires specialized techniques such as filtration,
separation, and spectroscopic analysis, which can be labor-intensive and costly (Rocha-
Santos & Duarte, 2015). Furthermore, variability in sampling methods and environmental
factors complicates data interpretation and comparison between studies (Fan et al., 2023).
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Microplastics in soil can affect its structure and fertility, potentially impacting crop yields and
quality (Baho et al., 2021). In soil, microplastics can enter through wastewater, flooding, or
atmospheric deposition, posing challenges in detection and quantification. Soil samples may
contain a diverse range of organic and inorganic materials that interfere with microplastic
extraction and analysis, making reliable measurements difficult to achieve. Techniques such
as separation, chemical digestion, and microscopy require careful validation to ensure
reliable results (Rocha-Santos & Duarte, 2015).

Standardized protocols for sampling and analysis are crucial for reducing variability and
ensuring data consistency on microplastics in different areas. Efforts are needed to develop
reliable methodologies, establish baseline data, and assess long-term trends in microplastic
contamination (Fan et al., 2023). Addressing these challenges is critical for understanding
the full extent of microplastic pollution, assessing ecological risks, and formulating strategies
to reduce their environmental impact.

MICROPLASTICS AS FOOD CONTAMINANT AFFECTING HUMAN HEALTH

Microplastics in the environment can ultimately affect human health through the food we
consume. Monitoring microplastics should include animal feed and animal-derived food
products, as their presence in these food sources poses significant food safety risks due to
potential human health impacts. Microplastics enter animal feed through various pathways
such as contaminated water sources, agricultural soil, or the air (Li et al., 2023). These tiny
particles can accumulate in animal tissues over time, presenting a potential risk for humans
who consume meat, dairy, and fish products. For instance, fish and other seafood can ingest
microplastics directly from their aquatic environment, while livestock may ingest them
through contaminated feed and water (Li et al., 2023).

Microplastic particles can contain or absorb harmful chemicals such as persistent organic
pollutants (POPs) and heavy metals (Rai et al., 2023). POPs, which include substances like
polychlorinated biphenyls (PCBs) and polycyclic aromatic hydrocarbons (PAHSs), are known
for their long-lasting presence in the environment and potential to bioaccumulate in living
organisms (Rai et al., 2023). Heavy metals like lead, cadmium, and mercury can also adhere
to microplastic surfaces. These chemicals are toxic and can cause a range of health issues
when ingested.

When humans consume animal products contaminated with microplastics and their
associated chemicals, there are several potential health risks. Ingested microplastics can
cause inflammation in the gastrointestinal tract, leading to various health problems, including
leaky gut syndrome, which can allow harmful substances to enter the bloodstream (Li et al.,
2023). Microplastics and their chemical contaminants can induce oxidative stress, leading to
cellular damage, which is linked to numerous health conditions, including neurodegenerative
diseases, cardiovascular diseases, and aging (Li et al., 2023). Many chemicals associated
with microplastics, such as bisphenol A (BPA) and phthalates, are known endocrine
disruptors, interfering with hormone function and potentially causing reproductive issues,
developmental problems, and increased cancer risk. Some chemicals found in microplastics
are carcinogenic, and prolonged exposure to these chemicals, even in small amounts, could
increase cancer risk over time (Li et al., 2023).

PIONEERING ECOSYSTEM-BASED MICROPLASTICS MONITORING IN CROSS-
BORDER REGION

Given the outlined problems mentioned above, the project “Pioneering ecosystem-based
microplastics contamination reduction and climate change resilience in cross-border region
ECO(RE)ACT” has been designed to address the critical issues of microplastics
contamination within the cross-border region of Croatia and Serbia. This joint endeavor
brings together three institutions: Josip Juraj Strossmayer University of Osijek Faculty of
Agrobiotechnical Sciences Osijek (Croatia), Educons University's Faculty of Environmental
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Protection (Serbia) and the Institute for Nature Conservation of Vojvodina Province (Serbia).
Project is financed by Interreg IPA Croatia-Serbia.

The project aims to pioneer the reduction of microplastics contamination and enhance
climate change resilience in a cross-border region through an ecosystem-based approach. It
focuses on three main areas to achieve its objectives.

Firstly, the project develops a comprehensive strategy to raise awareness and implement
sustainable practices for agricultural plastic waste management. This includes setting up
coordination mechanisms, conducting a situational analysis, creating a joint strategy, and
engaging stakeholders through effective communication efforts.

Secondly, the project creates collective solutions for monitoring microplastics in ecosystems.
This involves organizing knowledge exchange workshops, identifying key control points for
monitoring, and executing a pilot program to test these solutions.

Lastly, the project | pilots innovative solutions to mitigate microplastics contamination from
agricultural production. It establishes a specialized Centre for Microplastics to serve as a
research and mitigation hub, develop a certification process for assessing microplastics
contamination, and implement educational initiatives to raise awareness among the public
and stakeholders.

By leveraging the complementary expertise of its partners in agricultural and environmental
sciences, the project aims to develop climate-resilient strategies. These efforts will ensure
that microplastics detection capabilities and monitoring control points are adapted to
changing environmental conditions. The cross-border approach will strengthen regional
cooperation to address the complex challenges posed by microplastics pollution and climate
change impacts, ultimately aiming for a measurable reduction in contamination levels and
widespread adoption of sustainable practices in the agricultural sector.

CONCLUSIONS

The omnipresence of microplastics in the environment, particularly in agricultural systems,
poses a significant threat to ecosystems and human health. Addressing this issue requires a
comprehensive approach involving policy measures, sustainable agricultural practices,
improved waste management, and public education. By implementing these strategies and
establishing effective monitoring programs, the impact of microplastics can be mitigated and
ensure a healthier, cleaner future for all.
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ABSTRACT

Cruciferous vegetables (Brassicaceae) are rich in nutrients (vitamins, minerals, folates, etc.) and
bioactive compounds (glucosinolates/isothiocyanates — GSL/ITC and phenolic compounds, vitamins,
and minerals), associated with their health-promoting potential in modulation of several types of
cancer and chronic non-communicable diseases, in which a chronic inflammatory condition is present
at metabolic and neurological level. The current research lines on metabolite farming includes
multidisciplinary work integrating the food chain — from seed to food and health — evaluating the
influence of pre- and post-harvest factors to enrich foods in bioactive phytochemicals for human
health, using sustainable practices. In this activity, we evaluated different varieties of cruciferous
germinating seeds (red cabbage, red radish, broccoli, mustards, etc.) under controlled environmental
conditions of hydroponics using priming, elicitors a selective LED light illumination to obtain
sprouts/microgreens enriched in bioactive compounds, as sources of extracts and bioaccessible
fractions of metabolites to investigate their anti-inflammatory and chemopreventive effects. The
evaluation of bioactivity allowed to demonstrate significant antiinflammatory effects of sulforaphane (at
therapeutic dosages), without any toxic effect, with higher potency than the parental glucosinolates
(glucoraphanin, glucoraphenin) or phenolic compounds. The bioaccesible fractions of GSL/ITCs of red
varieties of sprouts (radish and cabbage) demonstrated health-promoting effects on cellular models of
chronic inflammation. This research line continues evolving with the study of the effects of GSL/ITC
from cruciferous foods in adult population with overweight, to investigate on the physiological,
metabolic, and microbiome factors involved in this chronic disease.

Keywords: Brassica, biofactory, bioactives, food, inflammation, obesity

INTRODUCTION

The vegetables, microgreens, and derived ingredients of the cruciferous family
(Brassicaceae) are rich in nutrients and bioactive compounds (glucosinolates/isothiocyanates
(GSL/ITC), flavonol glycosides, cinnamoyl derivatives, vitamins, carotenoids, and minerals).
According to the vast preclinical and clinical available research, the bioactive forms, ITC and
indoles, as well as phenolic metabolites, are the responsible of their activity as health-
promoters, against several chronic conditions and a diverse list of cancers and degenerative
diseases, with a common pathological state of chronic inflammation (Costa-Pérez et al.,
2023). The consumption of fresh broccoli sprouts enriched in GSL/ITC demonstrated
effective modulation of the inflammation markers in overweight and obese adults (Lépez-
Chillén et al., 2019). This positive result triggered the interest to develop, evaluate, and
optimize the production of novel ingredients and food products enriched in bioactive
compounds from Brassicas for human health and wellbeing.

The biostimulation of the secondary metabolism of the growing sprouts, seedlings, and
microgreens, is a sustainable and plausible strategy to enrich fresh foods in beneficial
compounds (GSL/ITC) using a biofactory approach. The objective of delivering the
necessary daily dosage of bioactive compound from a natural and fresh food will facilitate the
nutrition and clinical studies, and the ingredients derived from Brassicas are effective anti-
inflammatory agents with a great potential for the future (Ruiz-Alcaraz et al., 2022). The
current research lines on metabolite farming includes multidisciplinary work integrating the
food chain — from seed to food and health — evaluating the influence of pre- and post-harvest
factors to enrich foods in bioactive phytochemicals for human health, using sustainable
practices. In this activity, we evaluated different varieties of cruciferous germinating seeds
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(red cabbage, red radish, broccoli, mustards, etc.) under controlled environmental conditions
of hydroponics using priming, elicitors a selective LED light illumination to obtain
sprouts/microgreens enriched in bioactive compounds, as sources of extracts and
bioaccessible fractions of metabolites to investigate their anti-inflammatory and
chemopreventive effects.

MATERIAL AND METHODS

The seeds of the different varieties of crucifers (Brassica oleracea var. italica L. cv.
Calabrese; Raphanus sativus var. sativus L var. Sango and Rambo; Sinapis alba L.,
Brassica oleracea, var. capitata f. rubra; B. nigra) were supplied by Intersemillas S.A.
(Loriguilla, Valencia, Spain). The cleaning and imbibition conditions for the initial germimation
(Fig. 1.) as well as the biostimulation with different priming and elicitors are well described
elsewhere (Abellan et al., 2021; Baenas et al., 2014; Herndndez-Canovas et al., 2021)
(Figurel).

Gt cll o) PO (53T

Zn

C5io'uilat) Feams (725

Figure 1. Cruciferous sprouts in growth Chamber at CEBAS-CSIC, detail of
red cabbage sprouts and 96-well plate for in vitro anti-inflammatory
tests with Brassica extracts.

The protocols of bioaccesibility of the sprouts using freeze-dried plant material is detailed in
Abellan et al. (2021), following the INFOGEST accepted methodology without modifications.
The set-up and establishment of the cell model for inflammation using HL-60 cells is
described in Garcia-lbafiez et al. (2023). The results (averaget SD, n = 3) were analysed for
ANOVA and Tukey Multiple Range Test (P< 0.01) using statistical analysis software SPSS
25.0 (LEAD Technologies, Inc., Chicago, IL, U.S.A.)

RESULTS AND DISCUSSION

The use of elicitors for biostimulating Brassicaceae species to enhance their phytochemical
quality was a sustainable and effective strategy to obtain sprouts of different varieties with a
range of bioactive compounds of interest for health-promoting purposes (Baenas et al., 2014;
Lépez-Chillén et al., 2019).

The selection (optimization) of the priming treaments for the induction of germination with
different substances and stressors, in combination with the biostimulation (abiotic and biotic,
elicitors including natural hormones, salts, etc.) (Baenas et al., 2014), under different
conditions of LED illumination (broad-spectrum or monochromatic) (Guijarro-Real et al.,
2022; Hernandez-Canovas et al., 2021), is a sustainable alternative to genetic modification,

to obtain foods enriched in bioactives and plant-derived ingredients using sustainable
practices.
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The current research lines on metabolite farming includes multidisciplinary work integrating
the food chain — from seed to food and health — evaluating the influence of pre- and post-
harvest factors to enrich foods in bioactive phytochemicals for human health, using
sustainable practices. In this activity, we evaluated different varieties of cruciferous
germinating seeds (red cabbage, red radish, broccoli, mustards, etc.) under controlled
environmental conditions of hydroponics using priming, elicitors a selective LED light
ilumination to obtain sprouts/microgreens enriched in bioactive compounds, as sources of
extracts and bioaccessible fractions of metabolites to investigate their anti-inflammatory and
chemopreventive effects
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Figure 2. Protein expression (ELISA) TNF-a, IL-6, and IL-183 of HL-60
differenciated cells and with LPS stimulus, treated with
bioaccesible fraction of cruciferous sprouts of red radish (R) or
red cabbage (C) (ua/mL). Sianificance at *p < 0.05, ** p < 0.01,
*** n < 0.001 with respect to LPS. TNF-a, tumour necrosis factor
alpha; IL-6, Interleukin 6; IL-1 B, Interleukin 1 beta,; LPS,
lipopolysaccharide (Extracted and modified from Garcia-lbafiez
et al., 2023).

The evaluation of bioactivity allowed to demonstrate significant antiinflammatory effects of
sulforaphane (at therapeutic dosages pg/mL) (Figure 2), without any toxic effect, with higher
potency than the parental glucosinolates (glucoraphanin, glucoraphenin) or phenolic
compounds (Ruiz-Alcaraz et al. 2022). The bioaccesibility of the phytochemicals of interest
(GSL/ITC and phenolic compounds) was also characterized in order to drive the functional
evaluation of the different varieties in functional studies (Abellan et al., 2021).

CONCLUSIONS

The strategy of biofactory developing microgreens enriched in bioactive and health-
promoting GSL/ITC with biostimulation of the metabolism and synthesis of beneficial
compounds is compatible with new demands of high quality and fresh foods of acceptable
safety, quality and taste also packed with beneficial ingredients. The biostimulation of plant-
foods for human health is a research line with great potential for the future of food and
nutrition sciences. The bioaccessible fraction of cruciferous foods and derived products can
be included in dietary interventions as coadjuvants for the modulation of chronic conditions
and treating different diseases, given their potential anti-inflammatory effect on chronic
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inflammation (Costa-Pérez et al., 2023; Garcia-Ibafiez et al., 2023). The current challenge is
to evaluate the use of ingredients enriched in glucosinolates (e.g. glucoraphanin as source of
sulforaphane) to evaluate the influence on energy metabolism, inflammation status and
markers, body composition, and microbiome in adults with overweight and obesity (Project
“‘SANO”).
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ABSTRACT

Dryland ecosystems contain different soil conditions that can affect plants' chemical properties.
Capparis spinosa, an important economic species, can thrive in various soil conditions, yet there
is limited information about the effects of environmental conditions on its chemical properties. In
this study, we collected C. spinosa from both gypsum and non-gypsum soils in southern Iran,
where this species's largest and most economically important population exists. We considered
different parts of the plants, including petals, sepals, flags, pistils, fruits, leaves, and seeds. We
then determined the total phenol content, total flavonoid content, antioxidant activities (DPPH,
FRAP, ABTS), and Glucocapparin in both soil conditions. Based on the findings, plant parts and
sites significantly impacted most of the parameters. The highest amount of Glucocapparin was
found in the pistil, while the lowest amount was found in the petals. Petals had the highest total
phenol content, while the lowest was in the seeds. The highest total flavonoid content was in the
leaves and fruit, and the lowest was in the seeds. The largest amount of DPPH was found in the
leaves, while the lowest amount was in the pistils. As gypsum levels increased, the amount of
DPPH also increased in various plant parts. There was no significant difference between the two
sites for FRAP, with the highest amount found in the sepals. Overall, the gypsum sites showed
higher values for most of the parameters. The PCA results showed that pistils were associated
with Glucocapparin, petals with DPPH, and the leaf and sepal with total phenol, FRAP, ABTS,
and total flavonoids. Total phenol had correlations with most of the factors. Additionally, different
glucosinolate compounds were found in various parts of the plants. Our results indicate that
C.spinosa has valuable chemical compounds in both soil conditions.

Keywords: Gypsum soil, Caper, biochemical trait, Glucosinolate

INTRODUCTION

Drylands are harsh environments with aridity and highly available elements, to which
plants have adapted by developing a high diversity of chemical traits (Gross et al., 2024).
Gypsum soils contain large amounts of gypsum (CaS042H20), Ca, S, and Mg (Palacio
et al., 2014). Plant adaptation, particularly for secondary metabolites to gypsum sails, is
less well understood. The soil conditions of gypsum influence plants' chemical properties
and secondary metabolites. Species that grow in gypsum soil may have higher phenolic
and flavonoid content compared (Bautista et al., 2016). Comparing gypsovags in two
gypsum and non-gypsum soils showed higher phenolic compounds and antioxidant
activity in non-gypsum soil (Cekic et al., 2018). Additionally, sulfur increased total
glucosinolate levels in Brassica rapa (Li et al., 2007). Previous studies were mainly
conducted on agricultural land and the Brassicaceae family. To our knowledge, there are
no studies on environmental factors affecting C. spinosa bioactive compounds and
glucosinolate in natural ecosystems.

Glucosinolates are natural substances in many plants, particularly in the Brassicaceae,
Caricaceae, and Capparaceae families (Connolly et al., 2021). However, there are
limited studies on Capparaceae. Capparis spinosa is a well-known species of the
Capparidaceae family found in the Mediterranean region and holds ecological and
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economic significance (Chedraoui et al., 2017). Capparis spinosa is a plant with high
nutritional and bioactive value (Annaz et al., 2022). It has high polyphenol content and
antioxidant activity in different parts, particularly buds (Grimalt et al., 2019).
Glucosinolate compounds such as glucocapparin, glucobrassicin, neo-glucobrassicin,
and hydroxy-glucobrassicin are present in various parts of C. spinosa (Ahmed et al.,
1972; Maldini et al., 2016). To our knowledge, there are no studies on different plant
parts, especially flower parts, for polyphenols, antioxidant activity, and glucosinolate in
gypsum habitats.

The largest population of C. spinosa for economic purposes is in the southwest of
Zagros in the Kazeron region of Iran, with a high content of gypsum in the soil in most
localities and high support for the economy of local people. This study aimed to
investigate 1) what is the effect of gypsum soil on glucosinolate and antioxidant activity
of C. spinosa; 2) how chemical compositions in C. spinosa leaves, flowers, and fruits
change in gypsum and non-gypsum soils; and 3) how the chemical status of Caper bush
in the different soils from an agri-food perspective.

MATERIALS AND METHODS

Study area and plant sampling

The sampling sites were located in the Abkenar rangeland (N 29° 27' 22.722", E 51° 45’
37.536"; Kazerun city, Fars province, Iran). Two sites with similar climatic and
topographic conditions, including gypsum and non-gypsum sites, were chosen, with the
gypsum site being a relict gypsum mine. Three replications of flowers, leaves, and fruit
samples were taken at random from both sites from healthy C. spinosa shrubs in the
summer season and transported to the laboratory; then, the leaves and fruits were dried
using a freeze drier at -80 and ground. Seven plant parts were considered for
biochemical analysis, including sepal, petal, pistil, flag, leaves, fruit, and seed.

Measurement of leaf, fruit, and flower biochemical parameters

The hydroalcoholic extracts were prepared to analyze the total polyphenol content and
antioxidant capacity of formulations of C. spinosa. Total phenolic content (TPC) was
determined by the Folin-Ciocalto colorimetric method using gallic acid as standard
(Singleton et al., 1999). Total flavonoid content (TFC) was measured using the aluminum
chloride colorimetric method and quercetin as a standard (Akkol et al., 2008). DPPH free
radical scavenging activity was determined using the Brand-Williams et al. (1995)
method with minor modifications. ABTS radical scavenging activity was measured using
the Re et al. (1999) method with slight modifications. The FRAP assay was developed
by Benzie and Strain (1996) to measure the Ferric reducing antioxidant power
assay.Glucosinolates hydromethanolic extraction and chromatographic analysis was
carried following the methodology described in Abellan et al. (2021) for intact
glucosinolates, as described elsewhere.

To assess the effects of sites, plant parts, and their interactions on the biochemical
parameters of C. spinosa, we used a GLMM and compared the means using Tukey
HSD. Principle component analysis (PCA) was used to evaluate the relations between
biochemical traits and correlations between the characteristics. PERMANOVA was also
performed to test for significant differences in biochemical composition between
treatments.

RESULTS

Both the sites and plant parts significantly affected the chemical properties, except for
FRAP and Glucocapparin. Plant parts had the highest effects among the properties,
except for ABTS, where sites had the highest impact (Table 1). The highest TPC values
were found in the flag and fruit, while the lowest values were observed in the seed and
pistil. TPC levels for petals, pistils, and fruits significantly increased in gypsum soil,
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whereas levels for sepal and flag decreased (Fig. 1). The highest TFC was observed in
the leaves at both sites, and the seeds at both sites showed the lowest TFC values. In
the gypsum site, the TFC increased in the leaves, petals, and flags, while it decreased in
the fruits and sepals (Fig.1).

Table 1. Results of GLMMs for the effects of the sites, plant parts treatments, and their
interactions on chemical characters. Bold values indicate significant effects of treatments.

Sites(S) Parts (P) SxP
Treatments F P F P F P
TPC (GAE mg/kg FW) 34.01 <.001 20101.62 <.001 328.41 <.001
TFC (QU mg/kg FW) 95.16 <.001 740.07 <.001 310.14 <.001
ABTS (%) 253.40 <.001 117.07 <.001 205.25 <.001
DPPH (%) 21.03 <.001 91.27 <.001 9.58 <.001
FRAP 0.49 0.491 14.16 <.001 1.42 0.242
Glucocapparin (umol/gDW) 0.003 0.946 37.12 <.001 4.85 0.002

Table 2. GLS content for different parts of C. spinosa in two sites. For calculations of percentage
the sum of low-concentration GLSs divided by total GLSs (sum of low-concentration GLS+
Glucocapparin)

n- n-butyl- Neo- Hydroxy- low-
propyl- lucosino glucobr lucobrass lucobrassici Total  concen
glucosi 9 late assicin 9 cin 9 n GLSs tration
Parts Sites nolate GLS %
Gypsum 21.00 2.97 0.09 ND 1.79 61.66 41.92
Pistil Non-
gypsum ND ND ND ND 0.19 35.79 0.53
Gypsum 10.05 2.37 ND ND ND 41.81 29.71
Sepal Non-
gypsum ND ND ND ND ND 31.58 0
Gypsum 2.74 ND ND ND ND 26.01 9.47
Flag  Non- ND ND ND ND ND 22.1 0
gypsum
Gypsum 3.42 1.38 0.62 ND ND 27.07 20
Petal  Non- ND ND ND ND ND 22.8 0
gypsum
Gypsum ND ND ND ND 0.75 34.1 2.2
Fruit Non-
gypsum ND ND ND ND ND 27.6 0
Gypsum ND ND 1.29 3.60 0.19 36.7 13.84
Leaf Non-
gypsum 5.33 ND 0.57 0.84 ND 37.9 18.30
Gypsum ND ND ND ND ND 24.2
Seed  Non- ND ND ND ND ND 29.6
gypsum

Table 3. The correlation coefficient between biochemical characters for C. spinosa. * P < 0.1, *P <
0.05, ***P < 0.0001.

Trait TPC TFC ABTS DPPH FRAP Glucocapparin
TPC (GAE mg/kg FW) 1
TFC (QU mg/kg FW) 0.65*** 1

ABTS (%) 0.55***  0.53*** 1
DPPH (%) 0.35* 0.30 0.23 1
FRAP 0.25 0.62*** 0.15 0.37* 1

Glucocapparin

- * - - *kk
(umol/gDW) 0.35*  0.13 0.11 0.63 0.01 1
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Table 4. Correlations between chemical parameters for C.spinosa and principal component axes.
*P < 0.05, **P < 0.001.

Traits Principal component
Dim. 1 Dim. 2 Dim. 3 Dim. 4 Dim. 5
TPC (GAE mg/kg FW) | 0.82*** -0.01 -0.35 -0.43 0.01
TFC (QU mg/kg FW) 0.81*** 0.50*** 0.07 -0.09 0.18
ABTS (%) 0.67*** 0.18 -0.55 0.44 -0.14
DPPH (%) 0.66*** -0.56*** 0.32 0.23 0.31
FRAP 0.60*** 0.30 0.68 0.03 -0.29
Glucocapparin i " kx
(umol/gDW) 0.38 0.88 0.04 0.10 0.22

Table 5. Examining the significant effects of the biochemical in the sites, plant parts and their
interactions using the PERMANOVA

Treatments Df Sum of Sq. F R’ P-value
Part 1 184.51 44.8 0.69 0.001
Site 1 22.04 10.8 0.28 0.001

PartxSite 1 23.27 13.3 0.21 0.001

The antioxidant activities varied significantly among different treatments. The highest and
lowest FRAP values were observed at both sites in the leaf and pistil, respectively. Other
parts generally showed no significant differences between them. (Fig.1). High DPPH
values were recorded for the seed, leaf, fruit, petal, and flags. However, the sepal and
pistil exhibited significantly lower values than the other parts. In the gypsum site, the
pistil, leaf, and seed showed a significant increase compared to the non-gypsum site
(Fig.1). When considering ABTS, the flag from the non-gypsum site showed the highest
value, while the flag from the gypsum site showed the lowest value. The ABTS values for
the seed, leaf, and fruit from the gypsum site were significantly increased, while the flag
exhibited a decrease in the gypsum site (Fig.1).

Glucocapparin
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Figure 1. Effects of the sites and plant parts treatments on biochemical parameters (mean + SE, n
= 3). Uppercase letters are the results of the T- tests for the sites and lower-case letters are the
results of the Tukey test for the plant parts.
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The highest values of Glucocapparin were observed in the pistil, sepal, leaf, and fruit,
while the petal and flag showed lower values in both sites. There were contrasting
increases and decreases in the fruit and seed in the gypsum site compared to the non-
gypsum site (Fig.1). Most glucosinolate compounds were found in low concentrations in
the plant parts of the gypsum site, except for the leaf and pistil, which were also
observed in the non-gypsum site (Table 2).

Variables - PCA
ariables ) 2 Parts

otlte * ® Fruit
® Flag

® leaf
A Petal

conti €N e
P Pistil
[ | o
o

0 ® Seed
Sepal

A Sites

0.0
Dim1 (45.5%)

PCA1
Figure 2. PCA results for seven plant parts in 2 sites

Our results showed positive correlations between most parameters, except for
glucocapparin, which negatively correlated with TPC and DPPH. (Table 2). The principal
component analysis (PCA) results show that the first axis accounts for 45.5% of the
variations. In comparison, the second axis accounts for 24.2% of the variations (Fig.2).
All parameters exhibited a strong positive correlation with Dim.1, except for
glucocapparin, which showed a negative correlation. TFC and glucocapparin displayed
strong positive correlations, while DPPH showed negative correlations with Dim.2 (Table
3). Sites, plant parts, and their interactions significantly affected the biochemical
compositions, according to the PERMANOVA results (Table 4).

DISCUSSION

The research findings indicate that C. spinosa contains high levels of bioactive and
chemical compounds in various parts, regardless of soil type. The chemical composition
varied primarily in different plant parts and was less affected by soil type. Glucosinolates
were high in all plant parts, with Glucocapparin being the predominant compound.
Although gypsum did not increase Glucocapparin levels, it strongly impacted other
glucosinolates in the respective sites.

C. spinosa had higher antioxidant activity and glucosinolate compounds in
gypsum soil

This study showed that gypsum soil demonstrated higher antioxidant activity of ABTS
and DPPH and higher phenolic and flavonoid content in most parts. These results
contradict Ceki¢ et al.'s (2018) findings, which indicated that three studied gypsovags
have lower antioxidant and phenolic content than non-gypsum soil.

Additionally, gypsum soil influences glucosinolates. Glucocapparin was the dominant
compound, consistent with Matthdus and Ozcan (2005). Glucosinolates with low
concentrations were observed mainly in gypsum, except for a few leaf and pistil
observations in non-gypsum. The increases in antioxidant activity and glucosinolates
could be linked to higher environmental stress, such as drought and the high sulfur
content of gypsum soil (Escudero et al., 2015). More studies are needed on gypsum
habitat species to draw better conclusions.
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Flower parts show very diverse antioxidant activity and glucosinolate compounds
All plant parts showed high antioxidant activity, with the leaves demonstrating the highest
values and the seeds and pistils showing the lowest, regardless of the site. consistent to
(Bhoyar et al., 2018). Moreover, there was substantial glucocapparin content in every
part of the plant. There were high values for the fruit and leaves, and the flower sections
had varying amounts that ranged from highest to lowest, consistent with (Maldini et al.,
2016). Furthermore, taking into account glucosinolates in low concentration,
observations were made of n-propyl-glucosinolate and glucobrassicin in flower and leaf,
hydroxy-glucobrassicin in flower, leaf, and fruit, and N-butyl-glucosinolate only in flower
and Neo-glucobrassicin only in leaf consistent to (Maldini et al., 2016). The total content
of glucosinolates ranged between 22.1 pymol/g (flag of Non-gypsum) and 61.6 umol/g
(pistil of gypsum), with an average of 32.7 (umol/g DW), which is considerable in
comparison with other glucosinolate-containing plants from Brassicaceae (Matthaus &
Luftmann, 2000).

Our study used mature flowers rather than buds, which may account for some variations
in the results. Our results are the first to provide data on flower sections, including petals,
sepals, pistils, and flags. Our results revealed surprisingly different compounds in flower
sections, with variable amounts observed at two sites.

CONCLUSIONS

C. spinosa (caper bush) can thrive in various soil conditions, particularly gypsum. This
suggests that C. spinosa exhibits stronger bioactive and antioxidant activity and higher
levels of GLSs in gypsum soil due to the more challenging conditions of this habitat. The
differing results in flower sections indicate the need for further study of flowers better to
understand the plant's response to environmental conditions and to identify plant parts
with high bioactive compounds. The high quality of fruits and seeds in both soil
conditions indicates that this species could be widely used for restoring harsh lands for
agricultural food production and ensuring sustainable food security in the face of global
warming, which is expected to impact cropping areas worldwide.
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ABSTRACT

Oxidative stress is a main cause for development of chronic hon-communicable diseases. It can be
prevented by antioxidants, especially those from berry fruit and its products. Blueberry is rich source of
nutrients and biologically active compounds, but unfortunately it is not available in the fresh form
during the whole year. Blueberry wine is a product obtained after alcoholic fermentation of blueberries,
and during this process in wine are preserved all thermo labile biologically active compounds. This
study is aimed to show phenolic profile, antioxidant properties and activity of fruit wine on enzymatic
systems in vitro and lipid peroxidation. Blueberry wines were produced in different controlled
microvinification procedures. Phenolic profile was analyzed by UPLC/MS-MS system. Total phenolic
content (TPC), antioxidant and antiradical activity were analyzed by spectrophotometric methods.
Level of lipid peroxidation (malondialdehyde (MDA) level) and activity of enzymes of antioxidant
protection superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) were
evaluated on synaptosomes isolated from the brain of Wistar albino rats. Microvinification procedure
significantly affected on phenolic profile, antioxidant and antiradical activity. Blueberry wines showed
ability to activate enzymes of antioxidant protection and decrease MDA level in synaptosomes in
which was experimentally induced oxidative stress. The most predominant group of phenolic
compounds were phenolic acids and flavonoids. The TPC as well as FRAP values were significantly
different among different microvinification. In oxidative stress induced synaptosomes which were
treated with blueberry wine values for MDA were decreased while SOD, GPx and CAT activities were
increased. As a rich source of antioxidants blueberry wine could prevent oxidative stress which is
responsible for development of chronic non-communicable disease.

Keywords: blueberry wine, oxidative stress, phenolic compounds, antioxidant properties, enzymes of
antioxidant protection

INTRODUCTION

Berry fruit are very popular part of diet during the spring and summer. During the season it is
possible to consume it as a fresh, while different processed forms are available during whole
year. Compare to other berry fruit which have lighter colour skin (pink, light red, and red) than
blueberry, it is possible to highlight blueberry as a higher source of natural active compounds
which exhibit antioxidant properties (Stull et al., 2010; Johnson et al.,, 2011). From the
phenolic antioxidants in the blueberry is possible to point out phenolic acids which are
represented in both fruits and their derived products. Phenolic acids are presented as a
derivatives of hydroxycinnamic and hydroxybenzoic acids (Torres et al., 1987; Meyer et al.,
1998). Phenolic antioxidants have been reported to have various positive effects on the
human health like anti-inflammatory, anti-carcinogenic effects and protective effects on
neuronal cells (Ji et al., 2024). These compounds possess strong ability to scavenge free
radicals, donate hydrogen, chelate metals, break radical chain reactions, and quench singlet
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oxygen in vitro and in vivo (Mamani-Matsuda et al., 2006; Dai and Mumper, 2010). Phenolic
compounds from blueberry wine can interact with enzymes of antioxidant protection which
represent first line of antioxidant defense. This mechanism is activated when in human body
imbalance is in the favor of ROS (Karademir Catalgol et al. 2007). Enzymes which are
responsible for this activity are superoxide dismutase (SOD), catalase (CAT) and glutathione
peroxidase (GPx), which are indispensable in the entire human body. Their defense
mechanism is directed to O, ~ and H,0,. Antioxidant defense system in human body acts to
suppress the formation of reactive species being able to damage cells (Altuntas et al. 2002).
Beside phenolic acids there are also other phenolic (anthocyanins, flavonols, flavanols and
stilbens) and non-phenolic (carotenoids) active principles in this fruit which all together
contribute to the health beneficial effects (Xiang and Ning, 2008). During the processing of
blueberry into the wine, all those natural active compounds retain in the final product.

The aim of this study was to evaluate phenolic profile and in vitro, antioxidant, antiradical and
protective effects of blueberry wines against oxidative stress conditions in isolated rat
synaptosomes as a model system.

MATERIAL AND METHODS

Blueberry (Vaccinium myrtilus) originated from Rudnik mountain, Republic of Serbia.

In microvinification were conducted experiments which were divided into the two groups with
and without addition of sugar before start of fermentation. Fruit was disintegrated in both
groups. To avoid activity of unwanted microorganisms 10g of K,S,0s per 100 kg was added
into the fruit must. The control was without added sugar. Total soluble solids (expressed in
°Brix) were measured in the fruit must in both groups. Aiming to increase total soluble solids
of must up to 20.5 °Brix, sugar was added in the second set. The obtained fruit must were
inoculated with the pure strain Saccharomyces cerevisiae of the selected wine yeast Lievito
Secco (Enatrtis, Italy) and Lalvin 71B (Lallemand, France) at the dose of 20 g per 100 kg. All
experiments in microvinification were conducted in watts with the pigeage system (Hromil,
Kovilj-Serbia). Alcohol fermentation was conducted at 20°C over 7 to 10 days. During this
process, the must was stirred twice a day. After fermentation, each fruit wine was separated
from the must by sedimentation. Afterwards, they were racked off the lees and kept at 12°C
for the next six months, until further studies.

In all samples of blueberry wine were evaluated physicochemical properties. The pH value
was evaluated by using pH meter, while total titratable acids (TTA) were obtained after
titration with NaOH. Total soluble solids (TSS, expressed in °Brix) were measured in the fruit
juice using the refractometer. The alcohol concentration was determined by the alcohol
density meter after samples distillation. The strength by volume (vol. %) was calculated using
20°C/20°C tables (OlV, 2009).

All chemicals and reagents of analytical grade were purchased from Sigma Aldrich
(Steinheim, Germany). Aiming to decrease the influence of the matrix during phenolic
identification, solid-phase extraction (SPE) was applied, Oasis HLB 6CC 200 mg cartridges
(Waters, Milford, MA, USA). UPLC/MS-MS analysis was performed using a Waters Acquity
Ultra Performance H-Class System (Waters, Milford, MA, USA). UPLC separation was
achieved on the column compartment with ZORBAX Eclipse XDB C18 column (150 mmx4.6
mm; 5 ym). During analysis, the column was kept at 25 °C while mobile phase flow-rate at
0.7 mL/min and injection volume was 10 pL (Godevac et al., 2009). Phenolic compounds
were identified by comparing their retention times (tg) and mass spectra with the relevant
standards. IntelliStart program (Waters, Milford, MA, USA; 2005) provided parameters that
were used for quantification. UPLC was coupled with a triple quadrupole mass spectrometer
Acquity TQD (Waters, Milford, MA, USA) with the software MassLynx 4.1 (Waters, Milford,
MA, USA; 2005) which was used for data acquisition and processing. Finally, the ionization
source conditions were as followed: capillary voltage of 3.5 kV, source temperature of 150°C
and desolvation temperature of 450°C, with a flow rate of 900 L/h. Nitrogen and argon were
used as cone and collision gases, respectively.
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CAT activity was measured by the H,0O, degradation assay (Colovié et al. 2015), and
expressed as U/mg of protein. Total SOD activity was determined by using commercially
available SOD assay kit (Sigma-Aldrich). The activity of GPx was measured in a coupled
enzyme method by measuring the decrease of NADPH at 340nm (Colovi¢ et al. 2015).
Results were expressed as U/mg protein. The level of MDA was estimated as the
concentration of thiobarbituric acid reactive product [8]. Results were expressed as moll of
thiobarbituric acid — reactive substance (MDA equivalent)/mg protein using a standard curve
of 1,1,3,3-tetramethoxypropane.

Redox potential of the fruit wine samples was determined using the Ferric Reducing Ability of
Plasma (FRAP) test (Benzie and Strain, 1996). The obtained results were expressed in
mmol/L Fe?*. Anti-DPPH radical activity of the fruit wine samples was evaluated as previously
described (Blois, 1958). The obtained results were expressed as a reciprocal value | (%)
multiplied by 100. Total phenolic content (TPC) of the fruit wine samples was estimated by
the Folin—Ciocalteu (FC) method using gallic acid as a standard (Woraratphoka et al., 2007).
The results were expressed in mg/L of gallic acid equivalents (mg GAE/L).

Statistical analysis was conducted by using the software SPSS Statistic V22.0 (IBM,
Chicago, IL, USA; 2014); t-test for the paired samples; one-way and two-way ANOVA, with
Tukey post hoc test for subgroup differences among drupe fruit species.

RESULTS AND DISCUSSION

Physico-chemical properties were evaluated for all fruit wine samples (Table 1).
One-way ANOVA revealed significantly higher TSS and alcohol content in the wine samples
made with addition of sugar before fermentation. The results for pH and TTA were similar.
TSS is important parameter for prediction of alcohol content (Vol. %) in the wine, while pH
and TTA directly affect its flavor and aroma.

Table 1. Physico-chemical properties of fruit wine samples

Total Soluble . . Alcohol

T\)//\ﬂ?]:f Solids must pH Tot?rIn'I;Iti(r:a:gilc(lee”/-};:lds content

(°Brix) 9 (Vol. %)
Enarti t 14.51 2.83 6.82 8.31
nartis yeas +0.35 +0.15 +0.27 +0.23
. 19.51 2.85 7.51 11.45

Sugar+ Enartis yeast +0.45% +0.17 +0.31 +0.32%
Lal d t 14.32 2.83 6.58 8.21
alemand yeas +0.54 +0.21 +0.45 +0.21
18.77 2.87 7.72 11.27

Sugar+ Lalemand yeast +0.61% +0.11 +0.25 +0.35%

a*-significantly different from the wine without sugar addition before fermentation

Fruit wine samples produced without sugar were compared with those made with sugar
(Table 2). The addition of sugar significantly affected the content of determined phenolic
compounds (p<0.05). A higher content of sugar before fermentation was responsible for
enhance alcohol concentration in the final product (Table 2). As an extracting agent, alcohol
contributed to the enriched phenolic content of the fruit wine samples. The influences of
different yeast during the vinification procedure did not affected phenolic content.
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Table 2. Content of selected phenolic acids in the analyzed fruit wine samples (ug/mL)

Type of Caffelc p-Coumarlc Chlorqgenlc Gallllc Protoca}tehum Catechin | Epicatechin
Wine acid acid acid acid acid
Enartis 93.78 1.67 721.43 54.27 75.24 34.21 43.51
yeast +5.11 +0.21 +7.31 +2.31 +1.43 +1.25 +1.53
E‘;gi: 127.37 4.15 783.25 75.34 121.47 43.24 57.21
+7.45 +0.27 +10.41 +3.12 +5.32 +1.72 +1.55
yeast
Lalemand | 91.53 1.78 725.32 51.34 78.52 32.75 44.81
yeast +4.17 +0.15 +10.43 +1.85 +1.32 +1.78 +1.82
Lili?;"; 4 | 12845 3.86 785.51 73.21 123.32 42.35 55.32
yoast +8.23 +0.23 +8.21 +4.51 +5.77 +1.82 +1.45

The most predominant phenolic compound in blueberry wine was chlorogenic acid which
content was (721.43 — 785.51 pg/mL). It is important to point out content of two other
phenolic compounds, caffeic and p-coumaric acids. Their content in analyzed wine samples
were in line with literature data which highlighted blueberries as a rich source of this two
phenolic acids (Hakkinen et al., 1999; Zadernowski et al., 2005). Gallic acid was also
detected in significant content. The most abundant hydroxybenzoic acid derivative was gallic
acid. Its content was reported in the study which analyzed blueberry fruit (Zadernowski et al.,
2005). In comparison with our results it was also detected in analyzed wine samples p-
hydroxybenzoic acid (Hakkinen et al. 1999). Hydroxycinnamic were more abundant than
hydroxybenzoic acid derivatives, as described before (Zadernowski et al., 2005). Epicatechin
and catechin were also identified, as expected (Liwei et al., 2003). Blueberry wines were
enriched with epicatechin (p < 0.05). Such a finding is well supported by a Dutch study (Arts
et al., 2000).

Table 3. The values for FRAP, TPC and DPPH of analyzed fruit wine samples

Type of FRAP Total Phenolic Content (TPC) DPPH ICso
Wine (mmol/L Fe* (mg GAE/L) (%)
Enartis yeast 7251 2285.31 1.58
+1.85 +35.52 +0.05
Sugar+ 88.45 2532.71 1.51
Enartis yeast +1.72% +38.53" +0.02
Lalemand yeast 73.26 2293.22 1.61
+1.75 +31.11 +0.03
Sugar+ 87.51 2575.61 1.53
Lalemand yeast +2.07% +37.41% +0.02

a*-significantly different from the wine without sugar addition before fermentation

The TPC, antioxidant and antiradical properties was affected by the applied vinification
procedures. Fruit wines produced with addition of sugar showed better antioxidant and
antiradical properties, as well as higher TPC (Table 3). Literature data indicate that blueberry
showed high total phenolic content and antioxidant properties (Angeles et al., 2022; Gémez
et al., 2021). Quantitative differences throughout literature data may depend on the selection
of cultivars, different climate conditions and/or sample preparation (Halvorsen et al., 2002).
High values for FRAP and DPPH were observed for blueberry wine. Both parameters most
likely depend on the cumulative (synergistic) effect of various compounds present in fruit
wines. Generally speaking, berry fruits possess a good antioxidant potential, but to a varying
degree. Higher alcohol level improved the extraction of phenolic compounds leading to the
enhanced antioxidant potential of the final product. In a agreement to our results literature
data highgihted high values for redox potential of blueberry (Vasantha Rupasinghe and
Clegg 2007).

Detection of oxidative stress parameters was conducted in the synaptosomal preparations
which were in vitro treated with H,O, to induce oxidative stress, and wine samples were
added to evaluate their protective effects. All investigate wine samples showed ability to
induce increase of synaptosomal activity of antioxidant enzymes (SOD, CAT, and GPx). Also
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was observed decrease of MDA content compared to single H,O, treatment. Statistically
significant difference (p<0.05) was shown for controls and synaptosoms treated with
blueberry wines for all four parameters. The obtained enzyme activation and decreased lipid
peroxidation suggest that the wines intensify defense against ROS induced by H,0,, and
prevent the membrane lipid damage resulting from the produced ROS abundance. Ability of
blueberry wine to decrease oxidative stress in synaptosomes exposed to H,O, is a result of
synergistic effect of all antioxidant compounds, which are present in this product. It is
possible to highlight among all those compounds, activity of phenolic acids and flavonoids as
key bioactive compounds detected in fruit wines. Additionally, technological process of
production during which was added sugar before start of fermentation significantly affected
on the content of phenolic compounds. Obtained results related to antioxidant, antiradical
and protective effect against oxidative stress can be explained by the fact that sugar is
responsible for the higher alcohol content, which has a role in the extraction of natural active
compounds from solid parts of the fruit.

Table 4. Results for MDA, CAT, SOD and GPx activity in rat synaptosomes jointly treated
with H,O, and the blueberry wines.

Type of Wine MDA CAT SOD GPx
(nmol/mg) (U/mg protein) (U/mg protein) (U/mg protein)
Enartis yeast 2.31° 0.0052° 5.73% 0.0152°
Sugar+ ~ Enartis 1,425 0.0062%" 6.48% 0.0175%
yeast
Lalemand yeast 2.45° 0.0050° 5.78° 0.0157¢
Sugar+ Lalemand 1.51° 0.0063"¢" 6.58"¢" 0.0178""
yeast

a-statistically significant difference compared to wines obtained in vinification Enartis yeast
b-statistically significant difference compared to wines obtained in vinification Lalemand yeast
c-statistically significant difference compared to appropriate

MDA contr0=3.81; CAT conra=0.0045; SODcontro=4.78; GPXcontro=0.0147

High antioxidant activity of blueberry wine against ROS in oxidative stress induced
synaptosomes is in line with the study which highlighted blueberry as a berry fruit with high
antioxidant activity (Cakar et al., 2018). In accordance to our result is possible to highlight the
study which indicated blueberry extracts as a good for decrease MDA level in the brains of
experimental animals (Miller and Shukitt-Hale 2012). This study showed that blueberry wines
are rich source of phenolic acids and flavonoids. Protective effect of flavonoids against ROS
is highlighted in the study in which were cell lines exposed to herbal extract rich in flavonoid
aglycones, free radical generation and MDA levels decreased, whereas an increase in SOD,
catalase, and GPx activities was noticed. The observed activities confirm the protective
effects of flavonoid aglycones, which is in agreement with their antioxidant properties (Sun et
al., 2011).

CONCLUSIONS

This study showed that blueberry wines can be considered as a rich source of phenolic
compounds-phenolic acids and flavonoids. During the production process microfinification
procedure significantly influenced on antioxidant, antiradical properties and phenolic
compound content. Blueberry wine showed ability to decrease MDA content and increase
activity of enzymes of antioxidant protection CAT, GPx and SOD which is result of synergistic
effect of phenolic and non-phenolic compounds which are responsible for protection against
ROS.
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ABSTRACT

Chemical seed treatments are still the most common tool against seed and soil borne plant diseases.
Due to their negative impact on the environment, human and animal health, it is necessary to find
other solutions. Seed biopriming is an advanced seed treatment technique that can be a sustainable
alternative. The aim of this research was to examine the effect of different microbial biocontrol agents
on reduction of seedborne pathogens in maize. Microorganisms that were used as biopriming agents
were: Bacillus amyloliquefaciens (BA1l), Bacillus amyloliquefaciens (ABOZ2), Pichia sp. (P1),
Trichoderma asperellum (T251/21), and mixture of five Trichoderma harzianum isolates. Two samples
of maize seeds previously confirmed to be naturally contaminated with Fusarium spp. (over 5%) were
used as a plant material. Biopriming was performed by submerging the seeds in cell suspension of the
agent. Subsequently, the seeds were placed on Potato Dextrose Agar medium and incubated at room
temperature for 7 days. Infection rate and germination parameters were rated to determine effects of
the biopriming. The highest reduction of infection rate in both seed samples was detected on seeds
primed by T. harzianum mixture and T. asperellum (0% infected seeds), while the lowest reduction
was recorded in treatments with B. amyloliquefaciens (BA1l) (6.5% infected seeds). Analysis of
variance revealed the existence of significant differences (p<0.05) in the length of the primary root and
mesocotyl between the treatments. The shortest primary root and mesocotyl in both samples were
observed in treatment with B. amyloliquefaciens (ABO2) (16.38 mm and 26.4 mm, respectively), while
the longest primary root and mesocotyl were measured after biopriming with Pichia sp. (P1) (58.25
mm, 40.03 mm, respectively). The results show that the application of Bacillus, Trichoderma and
Pichia bioagents can benefit control of maize seed pathogens when applied as seed treatment, while
Pichia sp. can also significantly improve root and mesocotyl development.

Keywords: biocontrol, seed biopriming, maize

INTRODUCTION

Maize (Zea mays L.) is the most versatile and leading cereal in production volume. It plays
an increasing and diverse role in global agri-food systems. Maize is primarily used as a feed
globally (56.3% of production), but is also significant as food crop (12.8%), besides other
non-food uses (19.6%) (Erenstein et al., 2022). The world's largest maize producers are the
USA, followed by China and Brazil, whose production exceeds 60% of the total world
production (FAOSTAT, 2022). In the Republic of Serbia, in the last three years, maize
occupies the largest area among cereals (over 35%) (Statistical Office of the Republic of
Serbia, 2024). According to FAOSTAT data, maize took the first place in production volume
among all commodities produced in the Republic of Serbia in 2022 (4,283,293,000 t). Maize
cultivation has risen over time, and the crop demand is projected to double by 2050 (Camera
et al., 2019). Due to its wide distribution and use, maize as an agricultural crop is given
significant attention, and great efforts are made to improve its production. Among many
causes that affect maize yield, fungal diseases are one of the main factors responsible for
losses. Numerous fungi species cause damage, but only a few cause significant maize
losses. Most non-treated maize seeds are declared to be contaminated with seed-borne
fungi, including Aspergillus spp., Fusarium spp., Penicillium spp., Bipolaris maydis, and
Rhizopus spp., leading to low-field emergence, reduced crop vigor, increased seedling
diseases, and low productivity (Erasto et al., 2023). Increasing public awareness of the
environmental and human health risks associated with chemical pesticides led to an increase
in interest and acceptance of alternative strategies in crop production. Since the beginning of
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agricultural practices, seed priming has been demonstrated to enhance seed quality,
germination rate, stress resistance, and crop yield (Singh et al., 2020).

Seed priming is considered to be an easy, highly effective, low cost and low-risk technique.
Within the priming technology, biopriming is gaining more and more importance. Seed
biopriming involves immersing the seeds in a solution containing bioagents to improve the
quality of the seeds. This technique of seed treatment can be applied to control many seed-
and soil-borne pathogens (Reddy & Reddy, 2013). Potential bioagents for maize seed
biopriming are bacterial bioagents Pseudomonas sihuinsis, Bacillus aerophilus,
Pseudomonas stutzeri, Enterobacter cloacae, and fungal bioagents Trichoderma harzianum,
and Trichoderma afroharzianum (Afrouz et al., 2023; Chidanandappa & Singh, 2024). Maize
seed biopriming shows positive effects, not only in terms of suppressing pathogens but also
affecting seed quality.

This research aimed to examine the effect of different microbial biocontrol agents on the
reduction of seedborne pathogens in maize. Also, the aim of this paper was to observe the
effect of applied bioagents on the root and mesocotyl length of maize.

MATERIAL AND METHODS

In the experiment, as biopriming agents, following beneficial microorganisms were used:
Bacillus amyloliquefaciens (strain BA1 and ABOZ2), Pichia sp. (strain P1), Trichoderma
asperellum (isolate T251/21) and Trichoderma harzianum (mix of isolates T2, T5, T6, T12
and T13). Bacterial strain B. amyloliquefaciens were revitalized by seeding on nutrient agar
(NA), while fungal isolates T. asperellum and T. harzianum, and yeast Pichia spp. strains
were revitalized by seeding on Potato Dextrose Agar (PDA), after which the inoculum of the
selected strains was prepared. The bacterial strain inoculum (ABO2) was prepared by
inoculating the Liquid Nutrient Broth (HB, Torlak) with an overnight bacterial culture of the
previously revitalized strain B. amyloliguefaciens ABO2. The bacterial inoculum was
incubated for 24h on a horizontal shaker (222DS Benchtop Shaking Incubator Labnet, USA)
with external mixing (150 rpm) at room temperature. After that, 10% (v/v) of the previously
prepared inoculum was added to the optimized nutrient medium for cultivation (5 g of
sucrose, 1.47 g of yeast extract, 5 g of KH,PQ,, distilled water up to 1000 ml), and then
cultivation performed on a horizontal shaker (222DS Benchtop Shaking Incubator Labnet,
USA) with external mixing (150 rpm), at room temperature for 70h. The concentration of
bacteria B. amyloliquefaciens used in this experiment was 1x10® CFU/ml for strain ABO2
and 1x10™ CFU/g for strain BAL (this strain has already been formulated in powder form).
Fungi T. asperellum (isolate T251/21) and five T. harzianum isolates (T2, T5, T6, T12 and
T13) were grown on Potato Dextrose Agar (PDA, composition 4 g of potatoes from 250 g of
boiled potatoes, 20 g of dextrose, 18 g agar, distilled water up to 1000 ml) at 25+0.5 °C, in
the dark, for ten days. Using a sterile inoculation loop to scrape mycelium growing on PDA
medium, colonies were transferred to 1000 ml of distilled water until reaching a conidial
concentration of 4.7x10°® CFU/mI, while Tween 20 (0.5 ml per 1000 ml of distilled water) was
applied as a solubilizing agent. The final concentration of the conidia suspension was
checked under a microscope using a hemocytometer. After 48h on PDA medium, actively
growing yeast strain Pichia spp. was transferred, taking two loopfuls of culture, in 1000 ml
prepared Potato Dextrose Broth medium (PDB, composition 4 g of potatoes from 250 g of
boiled potatoes, 20 g of dextrose, distilled water up to 1000 ml). After 48 hours of incubation
on a horizontal shaker (222DS Benchtop Shaking Incubator Labnet, USA) with external
mixing (150 rpm) at room temperature, the suspension (1x10° CFU/ml) was used for seed
priming.

Testing of the prepared bioagents was carried out under in vitro conditions. These were two
maize samples collected from the producer of maize seed, randomly selected based on the
seed infection level with Fusarium spp. The level of 5% is a threshold for maize seed
infection with Fusarium spp. determined by the "Regulations on the Health Inspection of
Crops and Facilities for the Production of Seeds, Seedlings, and Plant Material, and the
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Health Inspection of Seeds, Seedlings, and Plant Material" (Official Gazette of the Republic
of Serbia, 107/2008). Seeds were sterilized with sodium hypochlorite (5% NaOCI) and rinsed
several times with sterile distilled water. The experimental design comprised six different
treatments in three replications. Seeds treated with sterile distilled water served as control.
The maize seeds were bioprimed for two hours. After biopriming, the seeds were arranged in
Petri dishes @ 150 mm on PDA medium using sterile tweezers. One Petri dish represented
one replicate. In each Petri dish, 50 seeds were placed at an equal distance from each other
and incubated at room temperature.

The effect of seed biopriming on pathogens control, as well as seed quality parameters, was
evaluated seven days later. The incidence of maize seeds infected was expressed as the
percentage of seeds from which fungi species were isolated. The developed mycelium and
reproductive structures of the fungus were observed under a microscope to identify the
pathogen. After visual assessment and observation under a microscope, 20 seedlings from
each Petri dish were selected, and the primary root and mesocotyl lengths were measured.
The sum of the primary root and mesocotyl length was considered as seedling length. Length
was the expressed in millimeters. Data collected were statistically analyzed using the
Analysis of Variance (ANOVA) in Statistica software (version 14.0). Differences between
means were determined using the Least Significant Difference (LSD) test at p=0.05 level.

RESULTS AND DISCUSSION

After seven days of incubation, an examination of petri dishes revealed a different
percentage of infected seeds between treatments. The highest percentage of infected seeds
in both hybrid samples was in the untreated control (24% and 18% infected seeds). Among
applied bioagents, the lowest reduction of infection rate in both hybrid samples was recorded
in treatments with B. amyloliqguefaciens (strain BAl) (5% and 8%). In treatments with
bioagents T. asperellum and T. harzianum, no infected seeds were detected, while the
average infection rate in treatments with Pichia sp. and B. amyloliquefaciens (ABO2) were
1% and 3%, respectively (Table 1).

Table 1. The infection rate of maize seeds primed with bioagents

Infection rate (%)

Bioagent Sample 1 Sample 2 Average
BAl 5 8 6.5
ABO2 6 0 3
P1 1 1 1
T251/21 0 0 0
T. mix 0 0 0
Control 24 18 21

Figure 1 shows the Petri dishes with maize seeds after seven days of priming with potential
bioagents. The occurence of Fusarium spp. and Bipolaris spp. was determined. Fusarium
spp. was recorded in treatments BAl1 (2%), ABO2 (3%), and control (7.5%), while the
occurrence of Bipolaris spp. was registered in treatments P1 (1%), BA1 (3%) and control
(10%). In addition to the positive effect of the Trichoderma bioagents on the infection rate,
the external colonization of maize seeds is also visible. It indicates the shortcomings of the
application of these bioagents.
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Figure 1. Comparatlve view of 2 samples of primed hybrid P0217 maize seeds after 7 days (a—view
from top side (Sample 1), b — view from bottom side (Sample 1), ¢ - view from top side (Sample 2), d —
view from bottom side (Sample 2), 1 — BA1, 2 - ABO2, 3 - P1, 4 - T251/21, 5 — T. mix, 6 — Control)

By measuring the primary root and mesocotyl length of maize seedlings, differences between
treatments were recorded. Among all applied bioagents, the highest root length (average
58.25 mm) was recorded when using Pichia sp. (P1), while the shortest root length (average
16.38 mm) was noticed using B. amyloliquefaciens (ABO2). Compared with the control,
when applying Pichia sp. and T. harzianum (T. mix), an increase in root length was observed
(11.54% and 1.96%, respectively), however, not statistically significant. Other bioagents had
opposite effect on the root length. The longest mesocotyl was found when the bioagent
Pichia sp. was applied (average 40.03 mm), while the shortest mesocotyl was rated in
treatment with bioagent B. amyloliquefaciens (ABO2) (average 26.4 mm). In both samples,
statistically significant difference was recorded when applied bioagent B. amyloliquefaciens
(ABO2), while using T. asperellum (T251/21) and B. amyloliquefaciens (BAl) in one sample
statistically significant difference was noted. The effect of other bioagents was not statistically
significant (Figure 2).
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Figure 2. Influence of potential bioagents on primary root and mesocotyl length of maize
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Most species of Trichoderma have been associated with biocontrol strategies against plant
pathogenic fungi. Based on the results of Chandra Nayaka et al. (2010), maize seed
treatment with the microbial agent T. harzianum effectively reduced Fusarium verticillioides
incidence. Ferrigo et al. (2020) announced that T. harzianum applied to seeds can reduce
both F. verticillioides and F. graminearum disease incidence and severity. These results are
in agreement with our work, where it was found that when applying bioagents based on T.
asperellum and T. harzianum, the presence of Fusarium was not determined in comparison
with the control. Several studies have confirmed the positive influence of biopriming of maize
seeds on seedling length. Maize seed primed with Trichoderma spp. and Bacillus spp.
significantly affect plant height, root length, fresh weight, and dry weight (Mutetwa et al.,
2019). LOpez-Coria et al. (2016) observed that T. asperellum, similar to
other Trichoderma spp. stimulated shoot and root growth, when it is used for biopriming.
Contreras-Cornejo et al. (2009) claimed that biopriming with Trichoderma spp. can increase
the shoot elongation, particularly of the mesocotyl, while Shaffique et al. (2022) declared that
maize seed biopriming with Enterobacter sp. enhanced average mesocotyl and root length.
In a study by Chidanandappa and Singh (2024), fungal bioagents T. harzianum and T.
afroharzianum and bacterial bioagent Pseudomonas sihuinsis significantly increased
germination, root:shoot ratio, and seedling vigor, which ultimately enhanced the plant growth
and development.

CONCLUSIONS

Biological seed treatments may provide an alternative to chemical control and can save
yields to feed the increasing world population while reducing environmental risks and health
hazards. As presented, Bacillus, Trichoderma, and Pichia bioagents can benefit the control
of maize seed pathogens when applied as a seed treatment, whereby bioagents based on
Trichoderma expressed the highest potential. Significant differences between applied
bioagents on the germination parameters were found. It was confirmed that priming seeds
with Pichia spp. and T. harzianum bioagents can improve root and mesocotyl development,
while bioagents B. amyloliquefaciens had opposite effect. To realize the application of
bioagents for maize seed biopriming, further research of their influence on pathogen control
and seed quality are necessary.
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ABSTRACT

Analysis of food involves sample preparation, analysis, and detection of major food components (e.g.
carbohydrates, phenolic compounds, aroma compounds, etc.) and miscellaneous components
(preservatives, colorants, and other). A large number of different analytical methods have been
developed to analyze the properties of food because of the complexity and diversity of food
components. Increased method selectivity can be achieved by applying appropriate extraction
technique. Molecularly imprinted polymers (MIPs) are synthetic materials that specifically recognize
and selectively adsorb certain target molecules, template or their structural analogues. MIPs are a
promising tool for the extraction of substances from complex samples. The aim of this work was to
develop green analytical method combined with selective extraction and liquid chromatography for
analysis of citrus fruits (lime, grapefruit, tangerine, and other). Deionized water, methanol, and deep
eutectic solvent-like mixtures were tested for extraction, a solid phase extraction with MIP-based
sorbents was used for analytes cleaning and reversed phased high performance liquid
chromatography method for extract analysis. The proposed method demonstrated a linear range of
50-1000 ng.mL"l, the limits of detection in the range of 8.2-44 ng.mL'1 for selected coumarins, and the
recovery more than 85% (RSD < 4.8%). Umbelliferone was detected in lime and in grapefruit, herniarin
was detected in lime. The environmental character of the analytical method was evaluated using
AGREE, GAPI, and Analytical Eco-Scale.

Keywords: citrus fruits, coumarins, MIP-based extraction, HPLC

INTRODUCTION

Natural materials are rich sources of bioactive compounds. They are beneficial in treating a
wide range of diseases, they emphasize the smell or taste of the natural product, food, food
supplements, cosmetics, and other.

Coumarins, a type of secondary plant metabolites, play a significant role in the biochemistry
and physiology of plants. Chemically, coumarins are organic heterocyclic compounds
composed of a benzene ring connected to a pyrone ring.

Citrus fruits and citrus peel (e.g., lemon peel) are highly valued in the food, pharmaceutical,
and cosmetic industries due to their nutritional, medicinal, and fragrance properties (Saini et
al., 2022). Citrus peels, which constitute 40-50% of the fruit's total mass are often regarded
as waste, contain valuable bioactive compounds, including coumarins. Natural lemon peel
powder, for instance, has been used as a catalyst in synthesizing coumarin-based
compounds (Gomez-Mejia et al., 2019; Loncar et al., 2020). Research indicates higher
concentrations of coumarins, such as umbelliferone and herniarin (Fig. 1) in citrus peels
compared to the edible parts of the fruit (Andrade et al., 2023). These compounds have
demonstrated various health benefits: umbelliferone has antituberculotic, anti-inflammatory,
antidiabetic, antibacterial, antifungal, and antioxidant properties, while herniarin shows anti-
inflammatory, antioxidant, anti-proliferative, and antinociceptive effects. Despite these
benefits, high concentrations can cause skin, eye, or respiratory irritation, warranting further
pharmacological research (Porras-Davila et al., 2023).
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Figure 1. Chemical structure of umbelliferone and herniarin

Utilizing citrus fruits and peel effectively requires a reliable and reproducible analytical
method for targeted analysis and quality evaluation. Sample pretreatment is essential for
analyte determination. Advanced techniques, such as ultrasound-assisted extraction (UAE)
(Kumar et al., 2021), microwave-assisted extraction (MAE) (Gomez-Mejia et al., 2023), and
supercritical fluid extraction (SFE) (Anticona et al.,, 2020) were used for isolation of
coumarins from different citrus fruits. The choice of extraction solvent depends on the nature
of the compounds being extracted, the desired purity, and environmental considerations.
Ethanol, methanol, dichloromethane, and n-hexane are the most used solvents, however
greener solvents, like supercritical carbon dioxide and deep eutectic solvents (DES) are
introduced due to their efficiency and sustainability (Anticoma et al., 2020). Solid phase
extraction (SPE) was commonly used for primary extract purification and analyte
preconcentration. In addition to traditional sorbents, a MIP-based sorbents are incorporated
in new methods due to the high selectivity, chemical and mechanical resistance, and
reusability, making them suitable for extracting specific compounds from complex samples
(Chen et al., 2016).

This study focuses on the qualitative and quantitative analysis of citrus peel such as lime,
grapefruit, tangerine peel and others. The sample pretreatment procedures incorporating
solvent extraction with different solvents and solid phase extraction with a selective MIP-
based sorbent was developed.

MATERIAL AND METHODS

Methanol (HPLC grade) and acetic acid (for analysis grade) were supplied by Centralchem
(Bratislava, Slovakia). The analytical standards umbelliferone (7-hydroxycoumarin) and
herniarin (7-methoxycoumarin) (both 98 %) were purchased from Sigma Aldrich (USA).
Chemicals for preparation of DES-like mixtures, choline chloride (= 98 %), and 1,3-
propanediol (98 %) were purchased from Sigma Aldrich (Schnelldorf, Germany), and L-lactic
acid (90 % solution) was supplied by VWR International (Bratislava, Slovakia). Citrus
samples were purchased from a local supermarket. Samples were cut into small pieces and
stored in a freezer before analysis. DES 1 and DES 2 consisted of choline chloride : L-lactic
acid, 1:4, mol/mol and choline chloride : L-lactic acid : 1,3-propanediol, 1:2:1, mol/mol/mol,
respectively.

Ultrasound-assisted extraction

Chopped citrus peel (1 g) was mixed with 3 mL of extraction solvent. UAE was realized in an
ultrasonic bath (45 kHz) at a constant temperature (40 °C) for 10 minutes. After extraction,
the mixture was centrifuged for 1 minute at 3000 rpm.

Solid phase extraction

Primary agueous UAE sample extract (1.5 mL; obtained under optimal conditions) was mixed
with 0.1 g of Fe;O,@MIP-umbelliferone) sorbent (Machyfiakova et al., 2017) previously
preconditioned with methanol : acetic acid (9:1, v/v) and water (1.0 mL). The mixture was
stirred at 180 rpm for 30 minutes at 23 °C. Afterward, the sorbent was separated using an
external magnet, washed with 1 mL of water for 5 minutes at 180 rpm, and dried at 90 °C.
Subsequently, Fe;0,@MIP was mixed with 1.5 mL of methanol : acetic acid (9:1, v/v) and
stirred for 30 minutes at 180 rpm. The supernatant was magnetically separated and analyzed
by HPLC-FLD.

Analysis was performed on HPLC system (series 1200, Agilent Technologies, Germany)
equipped with a binary pump, automatic injector, column oven, and fluorescence detector
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(FLD). A Kinetex C18 analytical column (100 mm x 4.6 mm, 5 ym, Phenomenex, USA) was
used for separation of coumarins. The mobile phase consisted of 1% aqueous acetic acid
solution (A) and 1% acetic acid in methanol (B). The gradient elution program was as follows:
0-12 min 30-45% B in A, 12-12.5 min 45-100% B, 12.5-14.5 min 100% B. The flow rate was
1.0 mL.min™, an injection volume was 20 pL, and the column temperature was 23 °C. All
analytes were monitored at 320 nm and 450 nm as excitation and emission wavelength,
respectively.

RESULTS AND DISCUSSION

Ultrasound-assisted extraction combined with solid phase extraction using a molecularly
imprinted polymeric sorbent selective for coumarins was carried out to extract analytes form
citrus peel. The sample pretreatment procedures were optimized to produce an extract
suitable for HPLC-FLD analysis.

Solvent extraction is the most used sample pretreatment technique for solid matrices to
separate or isolate compounds. Solvent selection plays a key role in achieving high
extraction efficiency. In the work, the methanol, deionized water, DES 1 : water (3:1, v/v),
DES 2 were tested. The most suitable solvents for the extraction of herniarin and
umbelliferone was deionized water and a mixture of DES 1 : water (3:1, v/v) (Figure 2). Both
solvents are ecological, but the preparation of the DES 1 mixture is more complex. Extracts
in deionized water are also preferable for subsequent purification using SPE. Optimization of
extraction temperature from 23 to 40 °C shows that a higher temperature allows the
extraction of coumarins more effectively. In general, an increased temperature often allows a
faster extraction, where the analyte molecules diffuse faster into the extraction solvent.
Optimization of the extraction time was evaluated in time interval 10-30 minutes reaching the
maximal extraction yield at 10 minutes. Optimal conditions for extracting coumarin
derivatives, umbelliferone, and herniarin, were established as UAE with deionized water at
40 °C for 10 minutes. These conditions were suitable for obtaining primary extracts from lime
peel and was applied for other citrus fruits (e.g., lemon, orange, pomelo, grapefruit).
Advanced technique such as UAE, is "greener" and allows efficient extraction in shorter
times (several minutes).

herniarin umbelliferone
500 2 r
Ty 400t T 16 |
i:,fg 300 o 7 b o g 1.2 | - ]
% 200 r é é g g % 0.8 r %ﬁ g ? %
< 100 t < 04
1 2 3 4 1 2 3 4

Figure 2. Optimization of extraction solvent for UAE of lime (n = 3, RSD < 8.5 %)
1 — methanol; 2 — deionized water; 3 — DES 1 : water (3:1, v/v); 4 — DES 2

SPE with different type of sorbents were used for primary extract purification and analytes
concentration. Sorbents of C18 type, polymeric sorbent selective for phenolic compounds
and lab-made MIPs selective for coumarins were tested. MIP-umbelliferone was filled in SPE
column or magnetic MIPs (Fe;O,@MIP-umbelliferone) was used in batch extraction. Based
on the higher recovery results, a batch extraction on Fe;O,@MIP-umbelliferone was
selected. The recoveries were 93% and 87% (RSD < 4.8%, n=3) for umbelliferone and
herniarin, respectively. The FesO0,@MIP extraction method offers advantages such as
reduced solvent volume and simple extraction procedure.
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The applicability of the method for coumarins isolation and quantification was investigated by
extracting different citrus peel samples, lime, grapefruit, tangerine, pomelo, and others. The
extracts were analyzed by the HPLC-FLD method, which reached the limits of detection 8.2-
44 ng.mL* for targeted coumarins. Umbelliferone was detected in the lime (Figure 3),
grapefruit, tangerine and pomelo sample, while herniarin was detected in lime. Amount of
umbelliferone varied from 0.5 to 1.1 ug.g™, however herniarin content was higher (450 pug.g°
Y. Citrus fruits, e.g., orange, lemon, grapefruit, pomelo, and various lime species such as
Persian lime and Mexican lime vary in structural diversity and composition (Goh et al., 2022).
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Figure 3. HPLC-FLD chromatograms of lime peel extract tread by Fe;O,@MIP batch solid phase
extraction. Legend: 1- umbelliferone, 2- herniarin

Proposed method combining UAE extraction, Fe;O,@MIP extract cleaning and coumarins
concentration, and HPLC-FLD separation of selected coumarins. The approaches contribute
to the environmental friendliness of the method were applied. These involve the use of
ecological solvents - water or DES, devices with low energy consumption (UAE), and
reusable sorbents for SPE. To assess the impact of the proposed procedures on the
environment AGREE, GAPI, and Analytical Eco-Scale (Bartolo et al., 2024) tools were used,
which represent a comprehensive approaches to evaluating the environmental friendliness of
the analytical method. AGREE and GAPI evaluates the environmental impact across the
main stages: general method type, sample collection, sample preparation, reagents and
solvents required, and instrumentation. The Analytical Eco-Scale is based on assigning
penalty points to individual parts of the analytical precedure that are not in accordance with
the ideal green analysis. Figure 4 shows the environmental evaluations of the method.
AGREE score is higher than 0.7 (Fig. 4a) which indicates ecologically acceptable method. In
case of GAPI the most parts, seven, are green, six yellow and two red (Fig. 4b), which
means method is ecologically acceptable. The Analytical Eco-Scale score was higher than
80 (Fig. 4c) indicating excellent green analytical method. The biggest impact on the
greenness of the approaches was the amount of waste, used solvents, and sample
preparation techniques.
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Figure 4. Evaluation of the environmental impact of the proposed method for the analysis of coumarins
in citrus fruits with AGREE (a), GAPI (b), and Analytical Eco-Scale (c)
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CONCLUSIONS

The analysis of citrus fruits peel was conducted to evaluate its suitability for various
applications, including food, cosmetics, or as a source of bioactive or other value-added
compounds. Efficient, simple, and time-saving analytical method that meets the requirements
for high-throughput screening and ecological sustainability can enhance the wider use of
natural materials. This study shows that UAE and selective MIP-based extraction are
effective techniques for sample pretreatment and isolating coumarins from citrus, allowing
their subsequent quantification using the HPLC-FLD method. The proposed method is green
and has potential for analyzing other citrus samples.
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ABSTRACT

Dry rot caused by several species from genus Fusarium is a devastating fungal disease affecting
potatoes worldwide. Infected tubers and seed pieces rot after harvest or planting. Losses from dry rot
during storage are estimated to range from 6 % to 25 %, and occasionally rise up to 60 % in extreme
cases. Symptoms of Fusarium dry rot first appear on tubers at wound sites as shallow, small brown
lesions after about a month of storage. Cavities below the brown, dry decay areas are usually lined
with mycelium. Infections of potato tubers by certain Fusarium species are usually accompanied by
the production of mycotoxin contamination. The task of this work is to check the pathogenicity and
determine the difference in virulence of twenty isolates originating from potato tubers with symptoms
of tuber dry rot, which were identified as Fusarium spp. based on morphological and cultural
characteristics. The sample consisted of randomly selected tubers, with typical symptoms of dry rot.
Pathogens were isolated from the infected tubers using standard phytopathological methods on Potato
Dextrose Agar (PDA). The pathogenicity test for each isolate was performed by wounding and
artificially inoculating potato tubers of the Orchestra variety. The inoculated tubers were placed in
plastic boxes and incubated in humid conditions at room temperature for 21 days. After the incubation
period, the horizontal and vertical diameters of the necrosis were measured. Subsequently, the
pathogen was re-isolated from the infected tuber. Data analysis was done using ANOVA (Analysis of
variance) followed by Tukey's HSD test. Significant differences (p<0.05) were observed in the
diameter of necrosis caused by different Fusarium spp. isolates. The highest virulence was detected in
isolates FK47 and FK39, both from Zobnatica, whereas isolate FK48 (Pivnice) had the lowest degree
of virulence. The remaining isolates were within the group with medium virulence. This research is part
of a study on potato dry rot in Serbia, a significant issue due to the substantial quantitative losses and
qualitative damages it causes.

Keywords: Fusarium spp, potato, dry rot

INTRODUCTION

Potato (Solanum tuberosum L.) is the main non-cereal food in terms of consumption. In
Serbia, potato production was over 520.000 tons in 2022 with an average yield of 21.6
tons/ha (FAOSTAT 2022).

Among the biotic stresses, fungal pathogens are the major limiting factor in the potato
production system that can cause economic losses in the field as well as during
transportation and storage (Tiwari et al., 2020a). Fusarium is one of the most important
genera of phytopathogenic fungi, which causes wilting of potatoes in the field and dry rot of
potato tubers during storage (Azil et al., 2021).

According to Cullen et al., (2005), 13 species of Fusarium are considered causative agents
of Fusarium dry rot in potatoes worldwide, but species composition depends on geographic
location and season. Due to differences in potato cultivars and climatic conditions, different
Fusarium species have been isolated and identified from Fusarium dry rot of potatoes in
different countries and regions. Among them, F. sambucinum is considered in Europe, China
and North America as the most aggressive fungal species that causes dry rot in tubers (Du et
al., 2012; Secor and Salas, 2001). In general, Fusarium spp. can infect potato tubers through
superficial wounds or natural tuber openings during, before, or after harvest.

Typical symptoms on the skin of potato tubers infected with Fusarium spp. generally include
a wrinkled brown appearance and sunken tissue with a dry and leathery appearance. Initial
symptoms were observed to be shallow, small brown spots at tuber wound sites after
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approximately 30 days of storage. After that, the infected tissue begins to enlarge in all
directions, and the periderm of the tuber gradually sags and decays. Finally, concentric rings
are observed on the enlarged lesions, and the dead tissue begins to dry out (Liu et al., 2022;
Zhang et al., 2023). Cotton-white, purple, yellow, pink or brick-colored spores and mycelia of
Fusarium spp. they are observed in the cavity under the rotten lesion (Vatankhah et al.,
2019). In addition to economic losses, Fusarium spp. they are known to produce mycotoxins
that contaminate potato tubers and are toxic to humans and animals (Senter et al., 1991;
Bennett and Klich, 2003). Most Fusarium species are able to produce one or more
mycotoxins with varying degrees of toxicity (Bottalico and Perrone, 2002), often classified as
trichothecene and non-trichothecene mycotoxins (Mills, 1990). The main types of mycotoxins
produced by Fusarium spp. include bovericin, moniliformin, fumonisins, trichothecenes and
zearalenone, the last two being considered the most important due to their frequent
occurrence. Trichothecene products of F. culmorum, F. graminearum and F. sambucinum
(Stepien and Waskiewicz, 2013). An experiment conducted by Xue et al., 2014 found that
trichothecenes accumulate not only in the lesion, but also in the adjacent asymptomatic
tissue of potato tubers, which is important from a consumer perspective.

Control strategies for Fusarium dry rot include cultural practices such as crop rotation, use of
disease-free seed, and avoidance of tuber injury during harvest. Biological control agents,
ultraviolet radiation, and chemical control are also used to control the disease (Heltoft et al.,
2015).

The goals of this research were to: (i) form a collection of Fusarium spp. isolates from potato
tubers with typical symptoms of dry rot (ii) to assess their pathogenicity on potato tubers in
laboratory conditions.

MATERIAL AND METHODS

Sampling and isolation of pure fungal cultures - Potato tubers with symptoms of dry rot were
collected in 2022 from warehouses in the locations: Cadak, Kusi¢, Zobnatica, Curug and
Pivnice. The sample consisted of randomly selected tubers, with typical symptoms of dry rot.
Pathogens were isolated from the infected tubers using standard phytopathological methods
on Potato Dextrose Agar (PDA). Potato tubers were washed with tap water to remove the
soil, then they were cut in the middle of the necrosis with a sterile scalpel, and tissue
fragments were taken at the cross section between healthy and diseased tissue. Tissue
fragments were placed on PDA and incubated in the dark at 25 + 1 °C for seven days. After
incubation, different types of fungal colonies were observed on the PDA medium, but only
typical colonies with Fusarium characteristics were selected. Mycelia were transferred to
Petri dishes with sterile PDA to obtain pure cultures. The formation of monohyphal isolates
was performed using the method described by Leslie and Summerell (2006).

Pathogenicity test - The pathogenicity test for each of the 20 collected isolates was
performed by wounding and artificially inoculating potato tubers of the Orchestra variety. The
tubers were washed with tap water, surface sterilized by immersion in a solution of 1%
sodium hypochlorite for 3 minutes, then they were washed with distilled water and left to dry
on sterile blotter paper overnight. Isolates were grown for seven days on PDA medium at 25
+ 1 °C. The apical end of each tuber was wounded with a sterile metal punch leaving a
wound 3 mm deep and 4 mm wide. The tubers were inoculated with round fragments of
mycelia (3 mm in diameter) so that the mycelia came into direct contact with the damaged
tissue of the tuber. Two tubers were prepared for each isolate. The inoculated tubers were
incubated in plastic boxes, at room temperature and under natural conditions of day and
night shifts for 21 days while maintaining high humidity inside the boxes. After the incubation
period, the necrosis diameter was measured. The pathogen was then re-isolated from the
tubers in the same way as the initial pathogen isolation

Statistical analysis - For the results of the pathogenicity test, the size of the diameter of the
lesion of each individual tuber was used in the analysis. Statistical data processing was
performed using the Statistica 14.0 software package (TIBCO Software, USA) using analysis
of variance (ANOVA) and post hoc test (Tukey's HSD) in a 95% confidence interval.
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RESULTS AND DISCUSSION

Potato samples with rot symptoms were collected from different warehouses from 5
locations. All sampled tubers showed symptoms of dry rot. During the sample collection
period, a large number of isolates of phytopathogenic fungi were obtained. For many of
them, based on the appearance of the colony and spores, it could be safely concluded that
they do not belong to the genus Fusarium, and they were excluded from the collection and
further research. A total of 45 isolates of Fusarium spp. monohyphal cultures were formed for
20 representative isolates (FK8, FK23, FK25, FK27, FK28, FK30, FK32, FK33, FK34, FK35,
FK36, FK37, FK38, FK39, FK40, FK46, FK47, FK48, FK50, FK51). For each of the 20
isolates, pathogenicity was checked and then re-isolation was performed. The symptoms that
developed on the tubers of the cultivar Orchestra were identical to the symptoms on the
tubers from which the isolates were isolated. The diameter of the developed necrosis was
measured after the incubation period of 21 days. Analysis of variance determined the
existence of significant differences (p<0.05) between isolates in the diameter of the necrosis
they caused on artificially inoculated tubers (Table 1).

Table 1. One-factor analysis of the variance of the diameter of necrosis on artificially inoculated potato
tubers of the Orchestra variety with isolates of Fusarium spp.

Effect Univariate  Tests of  Significance for AUDPC (food tech)
Sigma-restricted parameterization Effective hypothesis decomposition

SS Degr. of MS F p
(Freedom)
Intercept  21587.67 1 21587.67 3551.23163 0
IZOLAT 643.15 19 33.85 5.56839 1.5223E-07
Error 364.74 60 6.08

The largest necrosis diameter was measured in isolate FK47 of 42.25 mm. However, isolates
FK8, FK23, FK28, FK39 were at the same level of significance. The smallest necrosis
diameter was measured in isolate FK48 and was 10.5 mm. The remaining 14 isolates were
at the same level of significance. Fusarium spp. were detected on tubers with symptoms of
dry rot and could have caused mycotoxin contamination. During the research, Fusarium
species were among the main fungi isolated from tuber rot based on morphological and
cultural characteristics. In potato tuber inoculation tests, lesion sizes varied from 10.5 mm to
42.25 mm. Based on the size of the lesions, the pathogenicity of Fusarium spp. isolates were
divided into four groups: virulent (over 39 mm), moderately virulent (30 - 39 mm),
hypovirulent (11 - 29 mm) and non-virulent (less than 11 mm) (Figure 1).
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Figure 1. Presentation of isolates and diameter of necrosis
Rank a, b, ¢, d — According ANOVA and Tukey's HSD test for significance level of 95%
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Fusarium species are ubiquitous in soil and may exist as saprophytes or pathogens in plant
tissues and debris or as opportunistic pathogens awaiting stress in their host (Palmer and
Kommedahl, 1969). Accurate species identification is essential to develop appropriate
pathogen control practices.It is important to know the identity of Fusarium species that
predominate as inoculum in potato stocks as this will allow growers and marketers to
determine the risk of tuber dry rot development based on a number of factors (including crop
location, cultivar and seed tuber fungicide treatment). For example, F. sambucinum has been
identified as a particularly important species due to its general aggressiveness and
resistance to thiabendazole. The main agents that cause dry rot of potato tubers vary by
location, but may also change over time, especially under climate change conditions. Isolates
of Fusarium species from infected plant tissues vary in their pathogenicity, just as in earlier
reports (Ray and Hammerschmidt 1998; El-Hassan et al., 2007). Not all fungi isolated from
diseased potato tubers or other plant organs were able to cause dry rot or tuber wilt under
laboratory conditions. Such isolates may be saprophytes, secondary colonizers or
contaminants, as hypothesized by Stefahczyk et al., (2016). These isolates could be used in
biological protection after testing their effect on pathogenic Fusarium species, which will be
considered in the following period. Data from our research can be used to monitor Fusarium
spp. in potatoes. Knowing which Fusarium spp. are present in potato tubers with dry rot,
could help reduce crop losses and mycotoxin contamination by fungicide application, as
resistance to fungicides can vary in frequency among isolates of different species (Peters et
al. 2008a). Moreover, the obtained data can be helpful for planning the crop rotation, but also
the crops near the investigated area. Some of the Fusarium spp. that we have isolated from
potato tubers known to be important pathogens of cereals and cultivation of such cereal host
species before or next to potatoes should be avoided to limit the risk of potato tuber dry rot.

CONCLUSIONS

This study concludes that the main causal agent of dry rot on potato tubers belong to
Fusarium spp. Collected isolated had significantly different pathogenicity level and therefore
implicated that this study should be continued in order to determine species complex
involved in potato dry rot in Serbia. Fusarium species are important for not only yield losses,
but they can also produce mycotoxins that affect human and animal health. The appearance
of mycotoxins in potatoes by Fusarium species is causing great concern worldwide.
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ABSTRACT

Meat and meat products are an important part of the human diet in Serbia. They are a convenient
source of high-value proteins, essential vitamins, and important minerals needed for good health
throughout life. Iron (Fe) is found especially in red meat, and it is indicated that vegetarians may be at
risk of iron deficiencies. The aim of this study was to analyse beef, lamb, pork, equine, chicken, and
turkey meats, as well as livers from the same animal species, except turkey liver, regarding the iron
content. Samples were gathered from different meat processing facilities in Serbia during 2023. The
level of iron was determined by inductively coupled plasma mass spectrometry (ICP-MS). The
estimated daily dietary intake (EDI) of Fe was calculated using data of Fe levels obtained in this study
as well as data of dietary intake of estimated meats and livers from the European Food Safety
Authority (EFSA) database. The following mean levels of Fe were found (ug g™) in meat: beef 20.2,
lamb 17.8, pork 7.90, equine 38.8, chicken 4.43, and turkey 6.74. The highest Fe mean level was
obtained in equine liver (330.00 pg g'l) while the lowest level was obtained in beef liver (57.7 ug g'l).
The results for EDI are expressed as percent of the Recommended Dietary Allowance (RDA) for
adults (male: 8 ug g‘l; female: 18 ug g'l). The analysed meats and livers provide in total 16.2% and
7.20% for male and female respectively of the RDA for Fe. The obtained results showed that the
estimated meats and livers can be considered as important dietary sources of Fe, but other food types
are clearly necessary to provide adequate dietary levels of Fe for the Serbian adult population.
Keywords: iron, meats, livers, Serbian adults, intake

INTRODUCTION

Meat and meat products are significant components of the human diet, offering essential
nutrients such as omega-3 fatty acids, B-vitamins (especially niacin and riboflavin), and
bioavailable forms of iron and zinc. Moreover, it contains notable amounts of macronutrients
(proteins and fat). Meat contains significant amounts of macronutrients, such as proteins and
fat and essential nutrients, such as omega-3 fatty acids, B-vitamins (especially niacin and
riboflavin), bioavailable forms of iron and zinc, and other different elements and that depends
of its composition (Mann, 2013; Lopez-Alonso at al., 2016). Essential elements such as iron
(Fe), copper (Cu), zinc (Zn), selenium (Se) and manganese (Mn) are required in appropriate
amounts to maintain a range of physiological functions in humans (Noél et al., 2012
(Dawczynski et al., 2022).

From ancient times, man has recognized the special role of iron in human health and its
deficiency can cause some disease (Beard et al., 1997). Iron is component of a number of
proteins including hemoglobin, myoglobin, cytochromes and enzymes involved in redox
potential, and is biologically essential component of every living organism (Aisen et al.,
2001). Almost two-thirds of the iron in body is found in hemoglobin in circulating erythrocytes,
which is important for transport of oxygen to tissues throughout the body.

Wholegrain cereals, meats, fish and poultry are the major contributors to iron intake, while
the iron from plant sources is less bioavailable. The form in which iron is consumed will affect
dietary intake requirements as not all dietary iron is equally available to the body. The factors
that determine the proportion of iron absorbed from food are complex. They include the iron
status of an individual, as well as the iron content and composition of a meal. Normal
absorption may vary from 50% in breast milk to 10% or less in infant cereals. Dietary Iron
occurs in two general forms — as heme or non-heme iron (Hurrell and Egli, 2010). The
primary source of heme iron are hemoglobin and myoglobin from consumption of meat,
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poultry and fish, while nonheme iron is obtained from cereals, legumes, fruits and vegetables
(FAO/WHO, 2001). Heme iron is highly bioavailable (15%-35%) and dietary factors have little
effect on its absorption, whereas nonheme iron absorption is much lower (2%-20%) and
strongly influenced by the presence of other food components (Hurrell and Egli, 2010).
According to the data of Nutrient Reference Values for Australia and New Zealand to achieve
iron balance, adult men need to absorb about 1 mg/day and adult menstruating women
about 1.5 mg/day, although this is highly variable. Requirements are higher during periods of
rapid growth in early childhood and adolescence. Inadequate iron intake can lead to varying
degrees of deficiency, from low iron stores (as indicated by low serum ferritin and a decrease
in iron-binding capacity); to early iron deficiency (decreased serum transferrin saturation;
increased erythrocyte protoporphyrin concentration and increased serum transferrin
receptor) to iron-deficiency anemia (low hemoglobin and hematocrit as well as reduced mean
corpuscular hemoglobin and volume). These biochemical measures are used as the key
indicators in setting the iron requirements. Iron and the other essential elements in meat and
meat products have been intensively analysed in past decade, because these elements
improve quality of meat and meat products and affect at consumer health (Djinovic-
Stojanovic et al., 2017).

Meat and meat products are significant portion of daily consumption in Serbian adult
population. The average annual consumption of meat in Serbia in 2013 was 60.8 kg/per
capita (the EU average is 78 kg/per capita) of which pork was the most commonly consumed
meat (27.3 kg), followed by poultry (17.2 kg) and beef (14.4 kg) (USDA Foreign Agricultural
Service, 2013). There is very little scientific data available on the content of Fe in meat and
meat products from Serbia. These data are necessary for future studies on the total dietary
intake of Fe by the Serbian adult population. Therefore, the aim of the present study was to
determine the Fe levels in meats and livers from different species of animals from Serbia as
well as assess Fe intake through consumption of meat and livers. The established Fe levels
in commonly consumed meats were also compared in order to suggest to consumers which
of analysed meats are better sources of Fe.

MATERIAL AND METHODS

In total 219 meat and liver samples were collected: 148 red meat samples (11 turkey, 19
chicken, 12 lamb, 60 pork, 35 beef, 11 equine meats) and 71 liver samples (17 chicken, 12
lamb, 17 pork, 14 beef, 11 equine liver). Meat and liver samples were collected from different
meat facilities in Serbia during 2023. After collection samples were homogenized, labeled
and stored in polyethylene bags and frozen at -18 °C prior to analysis.

Sample preparation and ICP-MS analysis

Frozen samples were thawed at +4 °C for a day before analysis and then homogenized. An
amount, approximately 0.5 g, of each thawed, homogenized tissue, was transferred into a
teflon vessel with 5 mL nitric acid (67% Trace Metal Grade, Fisher Scientific, Bishop, UK), for
microwave digestion. The microwave (Mars 6, CEM Corporation, Matthews, NC, USA)
program consisted of three steps: 5 min from room temperature to 180°C, 10 min hold at
180°C, 20 min vent. After cooling, the digested sample solutions were quantitatively
transferred into disposable flasks and diluted to 100 mL with deionized water produced by a
water purification system (Purelab DV35, ELGA, Buckinghamshire, UK).

Analysis of the iron (Fe) was performed by inductively coupled plasma mass spectrometry
(ICP-MS), (iCap Q mass spectrometer, Thermo Scientific, Bremen, Germany). The most
abundant isotope *’Fe was used for quantification.

Torch position, ion optics and detector settings were re-adjusted daily using tuning solution
(Tune B, Thermo Scientific), in order to optimize mechanical and electrical parameters and
minimize possible interference. Basic operating conditions of the instrument were: RF power
(1550 W); cooling gas flow (14 L/min); nebulizer flow (1 L/min); collision gas flow (1 mL/min);
operating mode (Kinetic Energy Discrimination-KED); dwell time (100 ms).
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Standard stock solution containing 1000 mg/L of Fe was purchased from CPAchem
(Bogomilovo, Bulgaria). This solution was used to prepare standards for five-point calibration
curves (including zero). Multielement internal standard (°Li, **Sc, ‘Ga, *°Y, 2°°Bi) was
introduced online by an additional line through the peristaltic pump. All solutions (standards,
internal standards and samples) were prepared in 2% nitric acid.

Quality assurance

The quality of the analytical process was verified by analysis of the certified reference
material NIST 1577c (bovine liver, Gaithersburg, MD, USA). Reference material was
prepared as samples using microwave digestion. Measured Fe concentrations were
corrected for response factors of internal standards using the interpolation method and were
within the range of the certified value (Table 1).

Table 1. Range of the certified value of Fe

Element Certified value* Analysed value** Recovery
Fe ug kg™ ug kg™ %
197.94 + 0.65 197.43+5.21 99.7

* Certified value as given by the manufacturer.
** The data are presented as means + standard deviation.

Statistical analysis

Statistical analysis of experimental data was performed using software Statistica 10.0
(StatSoft Inc., Tulsa, OK, USA). One-way analysis of variance - ANOVA and Tukey’s HSD
test for comparison of means were used to analyse variations of the Fe levels in meats and
livers different species of animals.

RESULTS AND DISCUSSION

The measured contents of the Fe in the meats and livers of different animal species are
shown in Tables 2 and 3.

Table 2. Fe contents in analysed meat samples

Type of sample Number of samples Fe content*
ug g™

Chicken meat 19 4.43+2.07°
Turkey meat 11 6.74 +3.04 °
Pork meat 60 7.90+4.71°
Lamb meat 12 17.83 + 6.68"
Beef meat 35 20.25 + 8.54°
Equine meat 11 38.8+11.07°

* results presented as mean + standard deviation
¢ Different superscripts within the column indicate significantly different means according to Tukey’s HSD test; (p
< 0.05)

The concentrations of Fe in pork, turkey and chicken meat were not significantly different (p >
0.05), while the Fe content in equine meat was significantly higher compared with other
meats. The mean Fe levels in beef and lamb meat were significantly higher than levels in
pork, turkey and chicken meat. Fe level in beef meat from present study was in line with data
available in Danish Food database (22.00 pg g™) (FRIDA, 2024). Also, according to the same
database equine and lamb meat had content of Fe (35.0 ug g™* and 15.0 pg g™, respectively)
similar to our results. Bilandzi¢ et al (2021) analyzed Fe content in meats and livers from the
Croatian market in chicken (4.2 pg g™), pork (11 pg g*) and beef meat (20 pg g*) and they
were in line with results from this study. However, the Fe concentrations in this study were
higher than Fe concentrations presented in meat and poultry obtained from the Lebanese
TDS study (Nasreddine et al, 2010).
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Table 3. Fe contents in analysed liver samples

Type of sample Number of samples Fe content*
ug g
Beef liver 14 57.68 + 24.81 °
Lamb liver 12 76.48 + 31.48°
Chicken liver 17 125.27 +36.34 "
Pork liver 17 220.95+50.42 °
Equine liver 11 330.00 + 12.34 °

* results presented as mean + standard deviation
>4 Different superscripts within the column indicate significantly different means according to Tukey’s HSD test; (p
< 0.05)

The average Fe contents in beef and lamb liver were not significantly different (p > 0.05) and
were lower than Fe in liver of other species. Equine livers had the highest mean Fe content
and it was significantly different than Fe levels in all other analyzed livers. The Fe contents
for chicken (91.5 ug g™) and pork livers (134 pg g™) reported by FRIDA database (FRIDA,
2024) were lower than levels in present study. The Fe content in beef liver in the current
study was lower than the Fe content in beef liver (73+69 pg g*) from Croatian market
(Bilandzi¢ et al, 2021), but in line with respective FRIDA database (FRIDA, 2024).

Intake assessment

The dietary intake of Fe was expresed as the daily intake (DI) and calculated using the
equation: DI = C x DC where C is the Fe content (ug g*) and DC is daily consumption of
meats and livers (g per day). DC data for meats and livers for Serbian adult population were
used from the food consumption data which was published as part of the EFSA
Comprehensive European Food Consumption Database (EFSA, 2022). Mean values of
meats and livers consumption, expressed as grams per day (g day™ ') are shown in Table 4.

Table 4. Daily meats and livers intake

Type of product Intake (g/day)
Pork liver 0.63
Pork meat 41.05
Chicken liver 0.69
Chicken meat 50.98
Beef meat 23.84
Lamb meat 2.51

Data for intake of equine meat and beef, lamb and equine livers are not available in EFSA
database for Serbia probably because it’s insignificant.

Calculated daily intake of Fe from different meats and livers as well as their contribution in
total intake are shown in Table 5.

Table 5. Daily intake of Fe

Type of product Fe intake (ug/day) Contribution (%)
Lamb meat 44.82 3.44
Chicken liver 85.90 6.59
Pork liver 139.22 10.69
Chicken meat 225.82 17.33
Pork meat 324.29 24.89
Beef meat 482.47 37.03

Total 1302.78 100

Our results shown that highest Fe daily intake was by beef meat (37.03%), followed by pork
meat (24.89%), while the lowest intake was through lamb meat consumption (3.4%).
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Intake recommendations for Fe provided in the Dietary Reference Intakes (DRIs) developed
by the Food and Nutrition Board (FNB) at the Institute of Medicine (IOM) of the National
Academies (formerly National Academy of Sciences) (Institute of Medicine, 2001). According
of this source recommended daily intake of Fe in adult is 8 mg for male and 18 mg for
female. Total Fe intake by examination food items (1302.78 pg/day) represents 16.25% and
7.2% of recommended daily intake for male and female, respectively.

The obtained results regarding the iron content in liver indicate a possible path of increasing
Fe intake through increased consumption of this iron-rich foodstuff. Having in mind relatively
low current consumption of just 0.63 g/day (pork liver), increase in consumption to e.g 2
g/day would result in 23.3% of increase in total iron intake through meat consumption, i.e.
one large pork liver meal (250 g) would cover recommended weekly intake for males and
three day intake for females.

CONCLUSIONS

This study presents the Fe content in meats and livers from different animal species
originating from meat processing facilities in Serbia during 2023. The highest mean contents
of Fe were measured in equine and beef meat, equine and pork livers, while the lowest Fe
content were established in chicken and turkey meats. Total Fe intake by meat and liver
consumption of different animal species represents 16.25% and 7.2% of recommended daily
intake for male and female, respectively. The obtained results showed that the estimated
meats and livers can be considered as important dietary sources of Fe, hence other food
types are clearly necessary to provide adequate dietary intake of Fe for the Serbian adult
population.

ACKNOWLEDGEMENTS

This study was supported by the Ministry of Science, Technological Development and
Innovation, Republic of Serbia, Grant No. 451-03-66/2024-03/200050 from 05.02.2024.

REFERENCES

Aisen, P., Enns, C., Wessling-Resnick, M. (2001). Chemistry and biology of eukarotyc iron metabolism. Int j
Biochem Cell Biol. 33, 940-55.

Beard, J.L., Dawson, H.D., Iron, In: ODell, B.L., Sunde, R.A. (1997). Handbook of Nutritionally Essential
Mineral Elements (p. 275-334). New York. CRC Press.

Bilandzi¢, N., Sedak, M., Calopek, B., Doki¢, M., Varenina, |., Solomun Kolanovi¢, B., Bozi¢ Luburi¢, B.,
Varga, |., Hruskar, M. (2021). Dietary exposure of the adult Croatian population to meat, liver and meat
products from the Croatian market: Health risk assessment. Journal of Food Composition and Analysis,
95, 103672.

Dawczynski, C., Weidauer, T., Richert, C., Schlattmann, P., Dawczynski, K., Kiehntoph, M. (2022). Nutrient
intake and nutrition status in vegetarians and vegans in comparasion to omnivores- the nutritional
evaluation (NuEva) Sudy. Front. Nutr.

Djinovic-Stojanovic, J.M., Nikolic, D.M., Vranic, D.V., Babic, J.A., Milijjasevic M.P., Pezo L.L., Jankovic S.D.
(2017). Zinc and magnesium in different types of meat and meat produsts from Serbian market. J. Food
Compos. Anal. 59, 50-54.

EFSA (2022) Compressive European Food Consumption Database, Chronic Food Consumption Survey on
adults in Serbia

FAO/WHO (2001). Food based approachesto meeting vitamin mineral needs. In:human vitamin and mineral
requerements . Rome. P7-25

FRIDA (2024). Food data (frida.fooddata.dk), version 5.2. National Food Institute, Technical University of
Denmark.

Hurrell, R., Egli, I. (2010). Iron bioavailability and dietary reference values. Am J Clin Nutr. 91: 1461-7S.

Institute of Medicine (2001). Food and Nutrition Board . Dietary Reference Intakes for Vitamin A, Vitamin K,
Arsenic, Boron, Chromium, Copper, lodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium,
and Zinc : a Report of the Panel on Micronutrientsexternal link disclaimer. Washington, DC: National
Academy Press.

Lopez-Alonso, M., Miranda, M., Bonedito, J.l., Pereira, V., Garcia-Vaquero, M. (2016). Essential and toxic
trace element concentracion in different commercial veal cuts in Spai. Meat Science, 121, 47-52.

99



Mann, N (2013). Human evolution and diet: a modern conundrum of health versus meat consumption, or is it?
Anim. Prod. Sci., 53 (11), 1135-1142.

Mann, N. (2007). Meat in human diet: An anthropological perspective. J. Nutr. Diet, 64 (4), s102-s107.

Nasreddine, L., Nachalian, O., Naja, F., Itani, L., Parent-Massian, D., Nabhani-Zeidan, M., Hwalla, N. (2010).
Dietary exposure to essential and toxic trace elements from a Total diet study in an adult Lebanese urban
population. Food Chemistry and Toxicology, 48, 1262-1269.

National Food Institute, Technical University of Denmark (2024) https://frida.fooddata.dk/links?lang=en

Noel, L., Chekri, R., Millour, S., Vastel, C., Kadar, A., Sirot, V., Leblanc, J.C., Guerin, T. (2012). Li, Cr, Mn, Co,
Ni, Cu, Zn, Se and Mo levels in foodstufs from the 2" french TDS. Food Chem. 132, 1502-1513.

Shone, F., lbel, A., Larkowski, S., Ihling, M., Ramminger, S., Kirmse, R., Sporl, K., Kiefling, G., Glei, M.
(2023). Composition of pork and german meat products with a focus on iron, selenium and iodine. Journal
of food Composition and analysis, 19, 105246.

USDA Foreign Agricultural Service. (2013).

100



APPLICATION OF ATOMIC ABSORPTION SPECTROMETRY USING THE
DIRECT SAMPLING OF SOLID AND LIQUID SAMPLES AND PCA ANALYSIS IN
THE DETERMINATION OF SELECTED ELEMENTS IN PROTEIN POWDER
SAMPLES

Jakub Maséac*, Frantisek Cacho, Jana Sadecka, Andrej Bednar, Andrej Kudry

Faculty of Chemical and Food Technology STU in Bratislava, Radlinského 9, 81237 Bratislava,
Slovenska republika

*Corresponding author:
E-mail address: jakub.masac@stuba.sk

ABSTRACT

This work deals with elemental analysis of protein powders of animal and plant origin which are
among popular food supplements. In total, 40 samples of protein powders of different types were
analyzed, in which 15 elements were determined. The preparation of the samples consisted in its
mineralization using microwave digestion where nitric acid was used as a decomposition agent. Flame
and electrothermal atomic absorption spectrometry methods techniques (FAAS and ETAAS) were
used to determine the elements. The conditions were optimized for the determination of the elements
Mg, Cr and Pb. FAAS was used to determine Mg, using burner height of 10 mm and an acetylene-air
fuel flow rate of 80 L.h™". ETAAS was used to determine Cr where the pyrolysis temperature was 1650
°C and the atomization temperature was 2700 °C. In the case of Cr, the LOD, LOQ and repeatability
were 0.61 ug.L™", 2.05 pg.L™, and 4.6%, respectively with the linear range of 1-100 pg.L™. For the
determination of Pb, the possibility of direct sampling was used, which provided a satisfactory
repeatability of 7.6%. The pyrolysis temperature in this determination was 1100°C and the atomization
temperature 1800°C. Based on the principal component analysis, it was found that whey proteins
show very similar characteristics with respect to the element contents, thereby forming one group.
Another group was formed by rice proteins, with very similar characteristics. The third group was made
of mixed proteins which contain soy that also have a specific elemental composition and a high degree
of similarity. In contrast, the pumpkin protein was markedly different from all other groups.

Keywords: protein powder, ETAAS, FAAS, PCA

INTRODUCTION

Due to their easy availability, nutritional supplements are more and more used by people all
over the world. Vitamins, various minerals and protein powders are undoubtedly among the
most used nutritional supplements. Protein powders dominate mainly among athletes,
because they help to increase performance, regeneration and growth of muscle mass.

Due to the huge demand, protein powders made from different types of food have been
developed. Based on the protein source, proteins are divided into several types. The oldest
and still the most widespread source is milk, from which several milk proteins, whether whey
or casein, are produced using various technologies. In terms of protein content, whey
proteins can be divided into concentrates with a protein content in the range of 30-80%,
isolates that range from 90 to 99% and hydrolysates, which are produced by splitting proteins
into peptides using enzymes. Therefore, the fractions can range from whole proteins, through
peptides, to individual amino acids. Casein proteins differ in amino acid content and show
slower sorption in the human body. Others include egg proteins, which are rich in leucine and
are suitable for people with lactose intolerance, as they are made from egg whites. Among
the last animal proteins are beef proteins. The production process produces a hydrolyzed
isolate with a high protein content, decreased amount of fats and carbohydrates with good
digestibility (Wanasundara et al., 2017). Proteins produced from vegetable protein sources,
such as, soy, peas, rice and many others are becoming more and more popular (Deeeth &
Bansal, 2019).

With increasing consumption of these proteins, it is also necessary to control their quality by
analyzing the various elements. The most frequently analyzed elements include macro
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essential elements such as sulfur, or elements of the 1st and 2nd groups, micro essential
elements such as Cr, Fe or Mn, but also non-essential and toxic elements, which can include
e.g. Cd or Pb. The most frequently used methods for the elemental analysis of samples of
this type include ICP-MS (Pinto et al., 2020; Guefai et al., 2022; Lofaso, 2021), ICP-OES
(Bethencourt-Barbuzano et al., 2023; Neveen et al., 2023; Elgammal et al., 2019). The use of
the AAS method was less represented in the publications. In the case of Pb determination,
ETAAS was used (Elgammal et al., 2019) and FAAS was used in the work (Grden &
Sotowiej, 2022) for multi-element analysis.

The aim of this work was to perform an elemental analysis of protein powders of different
origins using HR-CS AAS and to determine the difference in element content between animal
and vegetable protein powders. Determination of 15 selected elements using both
electrothermal and flame atomization technique was performed. Optimization of conditions
for determination was performed for few selected elements. Results of determination were
used in PCA analysis to compare content of elements between protein powders of different
origin. Furthermore, direct sampling of such samples was explored for future analyses.

MATERIAL AND METHODS

In the field of elemental analysis, microwave digestion is most often used for preparation of
complex organic samples. In this case, a small amount of the sample is weighed into a teflon
container, and strong oxidizing acids are added, such as hydrochloric acid, nitric acid,
hydrofluoric acid, sulfuric acid or hydrogen peroxide. The container closed in this way is
exposed to increased pressure and microwave radiation, which heats the sample in its entire
volume. In our case, the Multiwave GO microwave digestion system from Anton Paar was
used.

A high-resolution atomic absorption spectrometer with a continuum source of radiation
(HR-CS AAS) from Analytik Jena, which has both an electrothermal and a flame atomizer,
was used for the analysis of the samples. Unlike routine AAS, the device is equipped with a
high-pressure xenon discharge lamp, of which the radiation intensity is 100 times higher in
the entire spectral range compared to hollow cathode lamps. High resolution of wavelengths
is achieved by means of two monochromators, which are in the Littrow arrangement. A linear
CCD detector is used as a detector, the advantage of which is that it has extremely low noise
compared to the photomultiplier used in classical AAS and is able to detect the intensity not
only on the analytical line but also in its close spectral vicinity, i.e. approximately 0.2 - 1 nm
around the selected wavelength.

Elements determined by ETAAS were Cr, Cd, Pb, Sn, Ni, Se and elements determined by
FAAS were S, Na, K, Mg, Ca, Fe, Zn, Mn, Cu.

Software used for PCA and all statistical analysis was STATISTICA version 12 (StatSoft,
USA).

Deionized water purified by the NANOpure system from Wilhelm Werner GmBh was used to
prepare all the solutions. All chemicals used were of analytical grade.

40 samples of various protein powders of animal and plant origin, both from Slovak and
foreign manufacturers were analyzed:

15x whey concentrate (WC) 3x rice protein (R)

10x whey mixture (WM) 2x pea protein (P)

3x mixture of soy, whey and casein 1x egg protein (E)

protein (M) 1x pumpkin protein (PU)

1x mixture of whey and egg protein (WE) 1x vegan (not further defined) protein (VG)
2x casein protein (C) 1x coconut protein (CO)
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RESULTS AND DISCUSSION

Microwave digestion

Before the actual analysis, all samples were modified by the method of microwave digestion.
From each protein powder sample 0.3 g was weighed into collapsible teflon containers and
12 ml of HNO; was added. Each sample was digested simultaneously in 4 containers with an
optimized temperature program. The containers were heated for 20 minutes to a temperature
of 190 °C, then this temperature was maintained for 17 minutes, followed by cooling. The
decomposed samples were quantitatively transferred into open teflon bowls, placed under an
IR lamp where a significant part of the solvent was allowed to evaporate in order to achieve a
sufficient preconcentration of the sample. The concentrated samples were quantitatively
transferred into 25 ml volumetric flasks.

Optimization of conditions for FAAS and ETAAS

The FAAS and ETAAS methods were used for elemental analysis. For both methods, one
element was chosen for which the determination conditions were optimized. For FAAS it was
magnesium and for ETAAS it was chromium.

To optimize the conditions for magnesium determination, a standard solution with a
concentration of 200 pg.L™ was used. The height of the burner was optimized in the interval
from 4 to 12 mm. A height of 10 mm was chosen as the optimal value when the highest
absorbance signals were recorded. Another optimized parameter was the acetylene/air fuel
flow, which was continually increasing from 40 L.h™ to 100 I.h*. The highest absorbance
value was recorded at a flow rate of 80 I.h™%.

To optimize the parameters of chromium determination, a standard solution with a
concentration of 10 pg.L™ was used.

The pyrolysis temperature was optimized in the interval from 800 to 2000 °C with a step of
100 °C. In temperatures higher than 1650 °C, a decrease in the signal caused by the loss of
the analyte in the pyrolysis step was observed.

The atomization temperature was optimized in the temperature range from 2000 to 2800 °C.
The absorbance signal grew up to 2800 °C, due to the extension of the life of the carbon
cuvette, 2700 °C was chosen as the optimal temperature.

The accuracy of the determination of magnesium and chromium was verified by selecting
two random samples of protein powders and analyzing them by the standard addition
method. The results of these determinations were compared by the statistical T-test, where it
was shown that there are no statistically significant differences between the concentrations.
The determined metal contents are listed in Table 1.

Table 1. Comparison of Mg and Cr concentrations determined by different methods to verify accuracy

Determined by calibration Determination by
Element Sample code curve metPod standard additioln method

(mg.kg™) (mg.kg™)
M WC4 1207454 1246437
g P1 690794 693362
T -

(Hg-kg™) (mg.kg™)?

Cr R1 1014471 996+33

P1 201.6+8.8 192.445.7

Direct sampling

In order to minimize errors arising during sample preparation, saving time and chemicals, the
possibility of direct sampling was investigated. Thanks to highly effective background
correction of HR-CS AAS, it can suppress interferences from complex organic matrices, even
in the case of non-mineralized protein powder samples. When sampling solid samples, the
repeatability was insufficient, as it was not possible to manually weigh the same amount of
sample repeatedly and sample it to the same place in the platform. For the reasons
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mentioned, the analysis was started using direct sampling of liquid samples. These were
prepared by weighing 1.0000 g of the sample in 99 g of demineralized water with a magnetic
stirrer that continuously homogenized the sample. Subsequently, 25 yL of such a sample
and 5 pL of the mixed modifier Pd(NO3z), and Mg(NO3), were sampled into the platform using
micropipette.

Optimization of the conditions of direct sampling of liquid samples was carried out for the
determination of Pb. In the first step, the pyrolysis temperature was optimized in the
temperature range from 600 °C to 1400 °C. Based on the absorbance values, a temperature
of 1100 °C was chosen as optimal. Due to the sampling of a large amount of organic content,
the pyrolysis time was also optimized in the interval from 5 s to 40 s. It turned out that from
20 s the absorbance signal decreased significantly, 10 s was chosen as the optimal time
when the highest signals were obtained.

The atomization temperature was optimized in the interval from 1500 °C to 2500 °C, and
1800 °C was chosen as the optimal temperature, at which the highest absorbance signals
were measured.

Repeatability was calculated from 10 repeated measurements after manual sampling of the
sample solution and calculated as RSD = 7.6%.

The content of Pb was determined in three random samples using direct sampling. In order
to verify the accuracy of the determination, Pb was determined in these samples by the
standard addition method and subsequently also in the original digested samples. The
results of these determinations were compared by a statistical T test for two paired samples,
showing that there are no statistically significant differences between them. The results are
shown in Table 2.

Table 2. Pb concentrations determined by different methods

D(_atern_nned by Determination by standard | Determination in original
Sample calibration curve o )
addition method digested samples
code methog (ug.kg™) (ug kg™
(Mg -kg™) ' '
VG1 57,4424 58,8+2,3 60,2+3,0
WwC14 100,8+4,4 101,443,2 97,0+3,2
R2 287+14 292,748,2 302+14

Results of analysis by FAAS and ETAAS methods

A total of 15 elements were determined in all 40 protein powder samples. Sulfur was the
most abundant of the individual elements, which was found up to tens of grams per kilogram
in the samples. This result is expected in the case of such samples, since sulfur is a natural
part of some amino acids. The elements Na and K were present in smaller amounts, followed
by Mg and Ca. Fe and Zn were determined in concentrations ranging from a few mg up to
hundreds of mg per kilogram. Mn was determined in the range from tens of pg to hundreds of
mg per kilogram and Cu in the range of several tenths to tens of ug per kilogram.

Using the ETAAS method, the highest concentration was recorded for the element Se, which
is beneficial to health, and its content in protein powders can also be an advantage. It was
followed by Sn and Ni, which were represented in the range of tens to thousands of ug per
kilogram. Cr was represented in tens to thousands of ug per kilogram, as well. Since Cr
naturally occurs in two oxidation states, a speciation analysis would be necessary to assess
the benefit or toxicity of the contained Cr. Pb was almost the least represented in the range
of tens to hundreds of ug per kilogram. The least represented was Cd, whose concentrations
were below the LOQ up to a few tens of pg per kilogram.

To assess differences between individual protein powders, a PCA analysis was performed,
which identified 6 principal components that explained 85% of the data variability. As a
representative example of PCA analysis results, the graph of component 2 (28%) vs.
component 3 (15%), was chosen and is shown in Figure 1. Based on the data, it can be
concluded that some types of protein powders are significantly different from others, but not
all proteins can be reliably divided into different groups based on PCA analysis alone.
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Proteins from the group of whey concentrates and whey mixtures (sample code SK and SZ)
show similar characteristics and cannot be reliably separated based on any components. All
these proteins are located near the central cross and form a large cluster of points on the
graph. This division is relatively easy to explain, since all these proteins, both concentrates
and whey mixtures, come from the same source. The slight dispersion of these points in the
graph can be mainly responsible for the geographical origin of the whey and the production
technology.The rice proteins are all located very close to each other in the lower right
quadrant, which means that their properties in terms of the content of the determined
elements are very similar. These elements are especially dominant in the Cr content, as they
contain the highest amounts of all analyzed proteins. In addition, they are characterized by a
high content of Pb and a relatively high content of Cd. Close to this group is also a protein
marked as vegan, which is made from a mixture of rice, peas and hemp. This protein is also
characterized by a high content of Cr and Pb.In the upper right quadrant, there are proteins
from the mixed group, i.e. Z1 - Z3, but they are not as close as in the case of rice proteins.
These mixed proteins are made from a mixture of whey, casein and soy. We assume that the
similarity of these proteins is mainly influenced by the presence of soy. These proteins have
very similar concentrations of almost all elements and differ from the others mainly in the
content of Na, Zn and Fe. This group of proteins has the highest Na content among all
proteins.Casein proteins are in the upper half of the graph, but each in a different quadrant.
Proteins differ mainly in the content of Na, Se, Mn, and Fe. Compared to other proteins, they
have relatively low concentrations of Cr and, conversely, high concentrations of Sn. Another
important fact is that they are not very significantly different from whey proteins, which results
from the same protein source.What is interesting is the difference between the pea proteins,
which are also very different from each other, as they are located on opposite sides of the
graph. They differ greatly mainly in the content of Na, Cu, Ca and Mn, but also differ in the
content of other elements. The difference can be caused firstly by the different geographical
origin of the raw material.An interesting finding is the similarity of coconut protein to whey
proteins. This protein is located at the bottom of the cluster of points and shows the same
similarity mainly based on Cr, Mn and Na content. It differs from whey proteins in the content
of S, Cu, Mg and K. Since we only had one sample of coconut protein, it is not possible to
reliably describe the similarity, or the difference of this protein from others.Egg protein is
slightly different from the others and has the greatest similarity with mixed proteins that
contain soy.Pumpkin protein is quite different from the others and is on the far left of the
graph. It is also true that a more representative sample of this group would be needed for a
more reliable assessment of the different characteristics.
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Figure 1. Graph of component 2 vs. components 3 from PCA analysis

Analysis using direct sampling is very efficient because no sample treatment is required,

saving a great deal of chemicals and time. In addition, the increased occurrence of various
errors during sample treatment will be prevented.
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CONCLUSIONS

A total of 15 elements were determined in 40 protein powder samples by FAA and ETAAS
methods. Based on the chemometric analysis, it was found that in terms of the element
content, whey proteins, show very similar characteristics hence form one group. Another
separate group is formed by rice proteins, which are also very similar to each other. Mixed
proteins that contain soy also have a specific elemental composition and show a degree of
similarity. Pumpkin protein was on the far-left side of the graph, so the very different
elemental composition can be assumed.

Regarding direct sampling, using non-mineralized liquid samples turned out to be the most
appropriate, providing sufficient repeatability of the results. Another subject of research in
this area could be the elemental analysis of more types of proteins, or analysis of different
groups with a representative number of samples.
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ABSTRACT

The work aimed to point out the role of high-performance liquid chromatography (HPLC) with different
types of detectors in the complex evaluation of beverage samples. HPLC is characterised by good
selectivity, sensitivity and ability to provide qualitative and quantitative information on a large group of
compounds. Spectrometric methods such as fluorescence spectrometry and others often combined
with chemometrics allow us to classify products according to geographical origin, variety, and others.
Preliminary estimation of groups of chemical compounds related to the observed differences is
possible based on the spectral characteristics of the samples. Still, the assignment of individual
compounds is more reliable based on the comparison of the spectra profiles with the results of HPLC
separation. Other areas of use of HPLC include, i) the clarification of differences in the spectra of
samples, ii) a reference method in the development of multivariate calibration models for the
determination of individual compounds in food using spectrometric methods. Combining data from
fluorescence analysis (untargeted analysis) and chromatographic analysis (target quantitative
analysis) with chemometric tools is useful for classifying spirit beverages.

Keywords: product classification, food quality, target analysis, untargeted analysis

INTRODUCTION

The importance and scope of the use of analytical chemistry are constantly growing due to
the increasing demand for reliable analytical information about the processes taking place in
various material objects of different origins and their composition. The effort of analysts is to
find suitable solutions to face real problem analysis in practice. To achieve it, the specific
characteristics of analyzed samples considered together with the nature and concentration
level of target analytes must be recognized. The development of new methodologies
(procedures) should be also aware of the crucial criteria such as accuracy, precision,
selectivity and detection limit.

The powerful methods for characterization, classification and determining the geographical
origin of food products are pattern recognition methods of the data provided by analytical
chemical instruments. High-performance liquid chromatographic methods with spectrometric
detection (HPLC-UV) are widely used in targeted analysis because they provide reliable
gualitative and quantitative information about separated individual compounds. Their
advantages are high separation efficiency; determination of almost any type of compound
present in a food sample; and depending on which technique is employed, it is possible to
obtain very low detection limits for a wide range of analytes. HPLC-UV has been widely used
for the determination of phenolic compounds in beverages. Qualitative analysis was made by
comparison with standards (Canas et al., 2003; Jakubikova et al., 2022). In the case of liquid
samples, it often enables direct analysis. Samples with a complicated matrix or samples with
low analyte content, need to be treated using a wide variety of sample preparation
techniques such as solid phase extraction (SPE) including microextraction modifications
(Pereira et al., 2022).

Recently, attention has focused on the development of non-invasive and non-destructive
instrumental techniques such as ultraviolet (UV), visible (Vis), fluorescence (FL), near-
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infrared (NIR) and mid-infrared (MIR) spectrometry. Furthermore, fluorescence spectroscopy
can determine some properties of solid or liquid food in a green way, i.e. without sample
preparation in a very short time compared to wet techniques. The fluorescence spectrometry
was recently used for the classification of Slovak and foreign spirit drinks, fruit spirits, plum
spirits or wines according to geographical origin using various multivariate data analyses
such as parallel factor analysis (PARAFAC), principal component analysis (PCA) and linear
discriminant analysis (LDA) (Hroborova et al. 2020; Pecic et al., 2012; Tomkova et al. 2015).
Chemometric tools allow improving the spectral resolution, quantification of the analytes in
the presence of interfering compounds, classification of the samples as well as detection of
discrepant samples. Chemometrics has also been applied, particularly for reducing the steps
in chemical analysis and consuming less energy when using sensor-related research and
information/data handling (Jakubikova et al., 2019; UriCkova et al., 2015).

The aim of this work was to point out to role of high-performance liquid chromatography with
different types of detectors in the complex evaluation of beverage samples. A combination of
data from chromatographic and fluorescence analysis with chemometric tools was used.

MATERIAL AND METHODS

The studies were performed on brandies, plum and juniper-flavored spirit drinks and sweet
wine samples produced in Slovakia. Samples were purchased from the local supermarkets
and stored in the dark at room temperature (23 °C).

The HPLC analyses were carried out with an Agilent 1200 HPLC instrument equipped with a
diode array and fluorescence detectors. Reversed-phase mode with a C18 type of analytical
column maintained at a temperature of 23 °C was used for separation of analytes.
Compounds were separated using the gradient elution of the mobile phase consisting of 1%
acetic acid (A) and methanol:acetic acid (99:1, v/v; B) pumped at a constant flow rate of
1 mL/min. The injection volume was 20 pL. The chromatograms were recorded at 280 or
320nm and UV spectra were recorded in wavelength range of 190-400 nm. The
fluorescence detector was set at 320 nm (Ae,) and 450 nm (Aem). Fluorescence spectra were
recorded in a wavelength range of 340-500 nm. Samples were filtered through a nylon
membrane filter (pore size 0.45 um) before analysis.

UV-Vis absorption measurements were made using a UV 1800 Spectrophotometer
equipped with a quartz cell with an optical path of 1 cm, over the range of 200-600 nm with a
1 nm resolution. The scanning speed was 200 nm/min. Software UV PROBE 2.33 was used
to process the spectra. UV-Vis spectra were recorded for undiluted and diluted (1:1, 1:20 or
1:100, v/iv) samples. Water purified by a Milli-Q system was used for dilution.

Synchronous fluorescence spectra (SFS) were collected using a Perkin-Elmer LS 50
Luminescence spectrometer equipped with a Xenon lamp, a quartz cell with an optical path
of 10 mm and FL Data Manager Software (Perkin-Elmer) for spectral acquisition and data
processing. Excitation and emission slits were both set at 5 nm. The spectra were depicted
as the contour plots of total SFS. The contour plots were constructed in such a way that x-
axis shows the A (nm), y-axis represents the A4, and z-axis is plotted by linking points of
equal fluorescence intensity. SFS were recorded on the bulk or diluted (1:100 or 1:20, v/v)
samples.

The raw spectral data was converted to ASCII format and processed with Microsoft Excel
2010 (Microsoft Office, 2010), OriginPro 2018, and STATISTICA version 12 (StatSoft, 2017)
software. SFS data of all relevant samples was arranged in the two-dimensional matrices
(number of samples x number of A) for particular A4 values. Partial least squares (PLS)
regression model development, the prediction subsets enabled verification and comparison
of the quality of PLS models.
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RESULTS AND DISCUSSION

The analysis procedure and clarifying the results for the samples evaluation process was
tested for wine spirit and fruit spirit samples. (Sadecka et al. 2023; Téthova et al. 2008).
Traditional spectrometric methods such as UV-VIS absorption and fluorescence (and also
infrared and Raman) spectrometry allow products’ classification according to geographical
origin, variety, and others. Figure 1 shows the UV-Vis spectra of wine spirit samples in the
range from 200 to 600 nm. Undiluted samples presented off-scale absorbance values in the
UV region from 200 to 300 nm, some of them up to 400 nm. It is observed in spectra of
diluted samples a broad band centred at about 280 nm, corresponding to phenolic (also
furan) compounds. UV-VIS spectrophotometry is usually used for the evaluation of the total
phenolic index (by measuring the absorbance at 280 nm) of spirit samples.
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Figure 1. The Mean UV-Vis Spectra of Undiluted (a Small Figure) and Diluted Wine Distillates.
(CF- Caramel-Free distillate, C,C - Caramel-Containing Distillates)

Examples of total synchronous fluorescence spectra of the wine spirit in the form of contour
maps are shown in Figure 2. Regarding undiluted samples, the contours were centered at
410-460 nm (A4 = 70-90 nm) for right angle geometries. For diluted samples, the maxima of
synchronous fluorescence spectra were observed at 290-360 nm (A4 = 60-100 nm).
Fluorescence was attributed to phenolic acids (260-280 nm, AA = 60-80 nm), coumarins
(340 nm, A2 =100 nm), and caramel (340-360 nm, A1 =90-100 nm).

The short-wavelength fluorescence, with excitation at 220 and 270-280 nm and emission
maxima located at 320-340 nm, was observed in juniper samples, along with the longer-
wavelength fluorescence, with excitation at 290 nm and emission at 406 nm.
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Figure 2. The Representative Total Synchronous Fluorescence Contour Plots of Undiluted and Diluted
Wine and Fruit Spirit Samples. (C,C - Caramel-Containing Distillates)
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After classifying the products using spectral data, it was necessary to determine the
properties responsible for the differences between the products observed in the spectra. A
preliminary assessment of chemical compounds related to the observed differences showed
several groups of compounds in tested spirit samples: phenolic acids, aldehydes and
coumarins, caramel and as well as caramel and typically found in oak and charred wood
extracts in wine brandy. In fruit spirits, phenolic acids, coumarins, phenols, and anisols were
identified.

In the next step, the assignment of individual compounds was more reliable based on the
comparison of spectra profiles with the results of HPLC separation. HPLC is a significant
method of beverage analysis due to its good selectivity, sensitivity and ability to provide
information on a large group of compounds including phenolics. The concentrations of
selected compounds in tested samples analyzed by HPLC-DAD ranged depending on
sample type (0.7 - 28.1 mg/L of 5-hydroxymethylfurfural and 2.3 - 65.9 mg/L of furfural in
wine spirit, 5 years ageing, caramel-free; 5.7 - 66.8 mg/L of 5-hydroxymethylfurfural and 0.3 -
14.1 mg/L of furfural in Wine spirit, commercial, caramel-containing). Comparing the content
of individual compounds was challenging because, in the case of CF samples, it largely
depends on the production technology used. For caramel-containing samples not only on the
previously mentioned factors but also on the amount of caramel added. (HMF is the most
abundant of the furanic aldehydes in caramel).

Another area of use of HPLC is the clarification of differences in the spectra of samples that
are commonly named outliers, i.e. having atypical properties. For example, in some caramel-
containing samples (C*) characterized by atypical UV-Vis spectra (Fig. 1), vanillin contents
were found at the levels of 24.0 — 54.9 mg/L, but syringaldehyde contents in both samples
were below the LOQ value of HPLC-DAD method.

The third area is the use of HPLC as a reference method in the development of multivariate
calibration models for the determination of individual compounds in food using spectrometric
methods.

As was mentioned in the introduction, many of the spirit samples were analyzed directly or
after dilution (e.g. wine spirit samples). The purification of samples from an excess of the
matrix as well as the concentration of analytes is sometimes useful before HPLC analysis.
Solid phase extraction (SPE) is a popular method for the extraction of food samples as it
provides better extraction efficiency and requires less consumption of organic solvents than
liquid-liquid extraction (LLE) (Barnes et al. 2022). The current trend in SPE is the application
of selective adsorbents such as molecularly imprinted polymers (MIP) prepared for the
extraction of selected analyte. Adsorbents are prepared usually by block polymerization or by
imprinting on the surface of magnetite (magnetic MIP). This was used in the analysis of
coumarins in beverages (Hroboriova et al. 2020). The HPLC with UV spectrophotometric and
fluorescence detection combined with MIP (7-hydroxycoumarin as template)-SPE sample
treatment was used. The evaluation of MIP properties (adsorption capacity, morphology,
kinetics) showed that the adsorbent was selective for the extraction of simple coumarins
(group selective adsorbents). In the tested wines, scopoletin and 4-methylumbeliferone were
determined at concentration levels ranging from 10 ng/mL to 171 ng/mL. The representative
HPLC-FLD chromatogram wine sample extract is shown in Figure 3.
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Figure 3. The Representative HPLC-FLD chromatogram of Tokaj wine extract.
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Conditions: Kinetex C18 (100 x 4.6 mm, 5 um) stationary phase, the gradient elution of the mobile
phase consisted of 1% acetic acid (A) and methanol: acetic acid (99:1, v/v; B): 0—12 min linear
gradient of B from 20 to 45% then to 100% of B over 0.5 min, and held at 100% of B for 2 min.

Legend: 1- scopoletin, 2- 4-methylumbeliferone

The results of quantification of targeted analytes (e.g. coumarins in wines, furanic aldehydes
in brandy) obtained by HPLC method could be compared with values predicted by the partial
least squares (PLS) model on the base data from fluorescence spectrometry. The spectra
were used as the independent variable data and analytes concentrations (or sum of analytes
content) were used as the dependent variable (Y-block) data in the PLS regression (example
of coumarins determination is shown in Figure 4) (Hrobonova et al. 2020). A linear
regression between the concentrations predicted by the PLS model versus true values
obtained by the HPLC method confirms good agreement between the two methods. Similar
conclusions were also reached for caramel in beverages (R* more than 0.978) (Sadecka et
al. 2023), which demonstrated the ability if this methodology in the spirit samples evaluation.
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Figure 4. Values of Total Coumarins Calculated Using the Synchronous Fluorescence Spectra
Combined with PLS Regression vs. the Values Obtained by the HPLC method

CONCLUSIONS

HPLC has become a useful tool in proposing solutions to various problems in food analysis
using spectrometric methods often combined with chemometrics. The usual procedure is: (1)
to register the spectra of the samples by the spectrometric method, (2) to determine the
target analytes in the samples by the HPLC method, (3) to use the results from the
quantitative HPLC analysis as dependent variables and the spectral data as independent
variables in multivariate chemometric models. The results obtained using non-targeted
methods are necessarily verified by the targeted analysis of the samples using the HPLC
with different types of detectors (diode array detector, fluorescence detector as well as mass
spectrometry detector), which confirmed not only the results of the classification of the
samples but also the content of analyte/s as well as the state of the sample for outlying
samples. Non-targeted UV-Vis, fluorescence methods can be used to search for suspect
samples, the study of which can be continued by targeted HPLC analysis.
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ABSTRACT

The aim of the research was to examine the supply and the quality of table eggs produced in different
housing systems, i.e., cage, floor and free-range, in the conditions of extremely high summer
temperatures. The supply was recorded in 10 Belgrade supermarkets and the analysis of the physical
egg quality characteristics (external and internal) included grade M eggs, from 9 egg producers, up to
15 days old, i.e., laid between 3" and 18" of July, during the heat wave in Serbia, with an average
maximum air temperature of 34.43°C. According to the research results, it can be concluded the eggs
from the cage system are still dominant in Belgrade supermarkets, which can be linked to the slow
transition of producers to alternative housing systems. In terms of the external egg quality
characteristics, statistically significant differences between housing systems were found for the egg
shell color and cleanliness, while for the internal characteristics, statistically significant differences
were recorded only for the yolk color. As measured by Haug's units, the quality of eggs was found to
be below the valid standards, for all supermarkets, producers, and housing systems. The eggs from
the free-range system had the highest Hog's units, with an average value of 60.67. The research's
findings indicate that exceptionally high, prolonged summer temperatures had a very negative effect
on the quality of eggs in Belgrade supermarkets. In order to improve the quality of eggs in the summer
season, more research should be done to determine factors affecting egg handling on farms,
transportation, storage in distribution centres and retail stores.

Keywords: egg quality, housing system, high air temperatures, Belgrade supermarkets

INTRODUCTION

Eggs are considered one of the most nutritious foods in the human diet (Sakanaka et al.
2000; Rehault-Godbert et al., 2019; Pal & Molnar, 2021) important for the nutrition of all age
categories (Tolimir et al., 2021). According to the data from the The Food and Agriculture
Organisation (FAO), there was a noticeable increase in egg consumption between 2000 and
2018 and it is estimated that the global consumption of eggs will continue to increase in the
following period (FAO, 2018). While the quality of eggs has been studied for decades in the
scientific and professional community, consumers' attention has been drawn to this issue in
the last ten years due to their growing demand and awareness of the significance of food
quality, safety and animal welfare (Savovi¢ et al., 2012; Duman et al., 2016; Rondoni et al.,
2020). For consumers in Serbia, legislation in the field of veterinary medicine and food safety
ensures access to safe, fresh and high-quality eggs. One of the key documents is the
Rulebook on the quality of eggs (2019). However, in addition to the regulation, research of
the quality of eggs present on the market is also important and it was conducted by a large
number of authors (Hidalgo et al., 2008; Moula et al. 2013; Hisasaga et al., 2020).

Examination of the factors that influence the quality of eggs before laying, involves
determination of: 1) Genetic factors (Zita et al., 2009; Wolc et al., 2012; Skrbi¢ et al., 2020);
2) Hens’ diet (Bouvarel et al., 2011); 3) Housing system and hygiene practice on the farm
(Holt et al., 2011; Kucukkoyuncu et al., 2017; Yilmaz-Dikmen et al., 2017); 4) Microclimatic
conditions on the farm (Kilic & Simsek, 2013); 6) age (Lee et al., 2016, Peric et al., 2017) and
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7) health status of hens (Roberts, 2004). The initial quality of eggs starts to decline as soon
as they are laid, while the rate of this process depends how the eggs are managed
(Pavlovski et al., 1996). The quality of eggs after laying can be affected by: 1) handling of
eggs during packaging and transportation; 2) conditions at sales facilities; and 3) storage
conditions (such as egg cooling, light protection, hygienic practices, etc). The factors
influencing the quality of eggs from farm to consumer, were studied by a number of authors
(Jin et al., 2011; Zaheer, 2015; Jones et al., 2018).

Over the past ten years, research on the relationship between egg quality and housing
system has become increasingly important for Serbian producers and consumers. This is
because Serbian poultry is currently transitioning from conventional cage production to
enriched cage and non-cage systems (Law on Animal Welfare, 2009; Rulebook, 2010). Data
on the supply and the quality of eggs from different housing systems on the market of Serbia
are quite scarce, i.e. this topic was studied by Tolimir et al. (2017) and Cobanovi¢ et al.
(2022). Nevertheless, by monitoring the representation of eggs from cage and non-cage
systems on the Belgrade market, Tolimir et al. (2024) observed a growing number of egg
producers from non-cage systems in comparison to the previous decade.

In addition to the housing system, the impact of high summer temperatures on egg quality
requires particular attention. According to the data of the Republic Hydrometeorological
Service of Serbia (RHMZ), in Serbia, July 2024 was recorded to be the warmest in the last
73 years (RHMZ, 2024). High temperatures can have adverse influence on egg quality, due
to the effect on hens, storage and retail conditions. The effect of heat stress on production
performance and egg quality traits was investigated by Mashaly et al. (2004), Yoshida et al.
(2011), Fouad et al. (2016). The influence of high temperatures during storage and sale on
the quality of eggs, given that they can cause a faster decline in egg quality, was studied by
Samli et al. (2005), An et al. (2023), Quan et al. (2021).

The aim of the present research is to determine the supply and quality of eggs from different
housing systems in Belgrade supermarkets, in conditions of extremely high summer
temperatures, i.e. prolonged heat wave that lasted several weeks. As the first of several
studies examining the quality of eggs from housing systems available on the Belgrade
market, the research covers only the summer season and therefore has a preliminary
character. Apart from contributing to scientific findings in this area, the study is also important
for consumers of table eggs, producers in the egg production sector, distributors and
retailers.

MATERIAL AND METHODS

The examination of the supply and quality of eggs in supermarkets was carried out in July
2024. The supply of eggs was recorded in 10 super markets (SM1 to SM10), which make up
the largest part of the market offer in the city of Belgrade. Within each of the supermarkets,
the number of producers and the representation of eggs according to the production system -
cage system, floor system, eggs from pasture and eggs from organic production were
recorded. The supply of eggs in supermarkets was recorded during one day.

Egg sampling/puchase was done on the same day as supermarket supply was recorded.
Ten grade M eggs, up to 15 days old, were purchased for each of the three housing systems
- cage, floor, and free range - for each of the represented producers.

The age of the eggs was determined by the sell-by date printed on the package. Examination
of the physical characteristics of egg quality (external and internal) was performed the day
after the puchase/sampling, on a total of 244 eggs - 144 from the cage system, 50 from the
floor system and 50 from the free system. From the moment of purchase until analysis, the
eggs were kept in refrigerator, i.e. under the same conditions as in the supermarket.

The egg quality testing was performed for each egg individually, and the following physical
characteristics of the egg quality were determined — external: egg weight (measured on a
technical scale with an accuracy of 0.01g), shell colour (visually rated from 1 - the lightest to
5 - the darkest), shell cleanliness (visually rated from 1 - the lowest grade to 5 — the best
grade), and internal: yolk color (visually graded using the Roche Yolk Color fan), egg white
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and yolk height (measured with a tripod micrometer) and shell thickness and yolk diameter
(measured with a caliper). The measurements of yolk were taken with the yolk in the natural
position when the egg was broken out (Funk, 1948).

Egg shape index (%) was calculated as: (egg diameter/egg height) x 100.

Haugh Unit (HU) score was calculated using the formula as given by Haugh (1937):

HU = 100 x log (H + 7.5 — 1.7W0.37); where: H — albumen height (mm); W — egg weight (g).
Yolk index (Y1) was calculated as: Y| = (yolk height/yolk diameter) x 100.

During July 2024, Serbia was affected by a heat wave, with an average maximum air
temperature of 34.43°C (RHMZ, 2024).

Data were statistically analysed using the STATISTICA 10.0 software package (StatSoft Inc.,
Tulsa, OK, USA). All analyzes were performed on the basis of three measurements. The
obtained results are expressed as mean value + standard deviation (SD). All quality
characteristics were analyzed using a oneway ANOVA and Tukey’'s HSD post hoc test.
Significance was determined at P<0.05.

RESULTS AND DISCUSSION

An overview of table egg producers and housing systems in 10 Belgrade supermarkets,
which account for the majority of Belgrade market's sales in marketplaces, is given in Table
1. According to the data in table 1, 10 egg producers were represented in Belgrade
supermarkets, with 90% of them having a cage system, 40% floor and free-range system,
while there was only one producer of organic eggs. In terms of supermarkets’ egg supply,
90% of them offered eggs from the cage system and 50% from floor and free-range system.
Organic eggs were present in only one supermarket, which was expected, considering that
these eggs on the Belgrade market canusually be found in specialized organic food stores.
Findings from the present research are consistent with the study conducted in 2023 (Tolimir
et al., 2024). Given that both studies provide an outline of the situation for particular, short
period, there is a need for continuous egg supply monitoring throughout the year, in order to
obtain a more objective picture of the representation of eggs from different housing systems
on the Belgrade market.

Regarding the representation of housing systems among producers (Table 1), it can be
stated that the number of housing systems per producer ranged from one system (4
producers only produce eggs in the conventional cage system and 1 only organic eggs), to a
maximum of 3 systems per producer (2 producers have simultaneous egg production in
cage, floor and free-range housing system). The obtained results indicate that a certain
number of producers still combine production in the cage system with one or more alternative
systems, which was enabled by the extension of the deadline for abolishing the conventional
cage system in Serbia. It is expected that the further course of transition to enriched cage
and non-cage systems will be affected not only by the legal regulations, but also by the
growing awareness of producers about animal welfare, as well as about the potential benefits
of using food from alternative rearing systems.

Table 1. Egg supply in Belgrade supermarkets
Total number Total number Number of ﬂggrrn:esrtgrfn fNrLégq_?;: Oef Number of
of of egg cage eggs' e ys. svstem eg 5 organic eggs'
supermarkets producers producers 99 y 99 producers
producers producers
10 10 9 4 4 1
Total number Number of Number of egg producers
Supermarke of producers housing
t per systems per Cage Floor Free-range Organic
supermarket  supermarket  System system system
SM1 2 3 2 1 1 0
SM2 3 2 1 0 1 0
SM3 3 3 2 1 1 0
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SM4 2 2 0 1 0 0
SM5 3 2 1 1 0 0
SM6 1 1 1 0 0 0
SM7 1 1 1 0 0 0
SM8 1 1 1 0 0 0
SM9 1 2 0 1 1 0
SM10 3 3 2 0 1 1
Representation of the housing systems among producers in Belgrade supermarkets
Cage system Floor system Free-range system Organic

Producer 1 + +

Producer 2 + + +

Producer 3 + +

Producer 4 + - +

Producer 5 + -

Producer 6 + -

Producer 7 + + +

Producer 8 + -

Producer 9 + -

Producer 10 - - - +

The values of HU, as one of the most important parameters of internal egg quality and egg
freshness, ranged from 54.54 to 60.67, which indicates the low quality of eggs from all
examined housing systems. As stated by Malfatti et al. (2021), the lowest acceptable value of
HU for table eggs is 60. According to USDA quality standards (USDA, 2000) eggs from the
cage and floor system belonged to quality class B (HU=31-59.9), and eggs from the free-
range system to quality class A ( HU=60-71.9). It is important to point out that the obtained
values for HU are significantly lower compared to those from the previous research on egg
quality in Belgrade supermarkets. Hence, HU varied from 73.2 to 91.7 in the research by
Tolimir et al. (2017) conducted in autumn, and from 92 to 115 in the research by Cobanovié¢
et al. (2022). This supports what was previously stated - continuous, extended research on
the quality of eggs on the Belgrade market is needed.

Given that all the eggs in this research were up to 15 days old and that they were kept in the
supermarkets in refrigerated display cases, the reasons for the low quality of the eggs could
be a qonsequence of several factors in the supply chain, which were not the subject of this
research. In particular, it should be pointed out that egg quality is highly sensitive to high
temperatures during summer, whether within management on the farm or in the retail chain
and during storage. The negative impact of elevated temperatures on egg quality during
storage and a significant decrease of the HU have been confirmed in several studies
(Feddern et al., 2017; Martinez et al., 2021; Quan et al., 2021). According to the findings of
Jin et al. (2011), the HU value decreased by 15 units during only two days of storage at a
temperature of 29 °C.

Table 2 summarises physical quality characteristics of eggs from different housing systems,
collected in Belgrade supermarkets.

Table 2. Quality of eggs from different housing systems in Belgrade supermarkets

External egg quality characteristics

Housing _ _ Shell col_our, Shell clean_liness,
system Egg weight, g Shape index, % score (min=1, score (min=1,
max=5) max=5)
Cage 59.00+3.77% 81.47+3.25° 4.08+0.49° 4.73+0.78%
Floor 57.88+1,75% 81.11+2.42° 3.80+0.49° 4.76+1.06"
Free range 58.23+2.39% 82.09+3.10% 4.02+0.55% 4,91+0.27°
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Internal egg quality characteristics
Housing Albumen , Shell
system Yolk colour height, mm HU Yolk index thickness,
mm
Cage 12.49+0.86" 3.88+1.43° 54.54+17.99% | 0.342+0.034% | 39.22+4.0
13
Floor 12.04+1.13° 4.03+0.99° 58.83+11.28% | 0.346+0.029% | 39.73+3.6
23
Free range 11.98+0.86° 4.25+1.08% 60.67+12.84% | 0.354+0.023" | 38.76x4.1
ga

* different superscript letters in the same column represent values of significant differences (p<0.05)

Yolk index (YI) is also an important indicator of the internal quality and freshness of eggs
(Huang et al., 2012). In this research, Y| ranged from 0.342 to 0.354 and a statistically
significant difference was recorded between eggs from the cage and free system. According
to DSM egg quality manual (2022) eggs with a yolk index in the range of 0.28 to 0.38 are
considered fresh, and over 0.38 are considered extra fresh. However, the obtained values
are much lower than those found in other research on egg quality, which were over 0.38 for
eggs of similar age (Samli et al., 2005; Hidalgo et al., 2008; Imran & Nayak, 2020; Hisasaga
et al. 2020)

There were no statistically significant differences found in egg weight, shape index, alboumen
height, HU and shell thickness between the housing systems. Yolk color is a particularly
important quality attribute from the perspective of consumers, who prefer a darker yolk color
(Bertechini, 2017; Sass et al., 2018). Eggs from the cage system had the darkest yolk color,
which is in agreement with the results of Hidalgo et al. (2008), Duki¢-Stoj¢i¢ et al. (2009) and
Kucukkoyuncu et al. (2017), while in the research of Hisasaga et al. (2020) and Gandarillas
et al. (2023) eggs from the free-range system had a darker yolk color compared to eggs from
the cage system. Since the yolk colour is directly influenced by hens’ diet, variations in the
color of the yolk can be explained by the different amount of pigments (carotenoids) in the
feed (Titcomb et al., 2019). It should be taken into account that hens nutrition of hens in a
cage system is more controlled with the possibility of adding pigments to the feed, while the
nutrition in alternative systems is less controlled, so the proportion of pigments in the diet is
variable, sometimes higher and sometimes lower compared to the cage system.

CONCLUSIONS

The supply of eggs in Belgrade in supermarkets is characterized by a larger assortment
compared to the previous decade. Eggs from the cage system are still dominant, but an
increased supply of eggs from alternative systems is noticeable, while the offer of organic
eggs is insufficient. These changes in the market can be related to the implementation of
legal regulations on animal welfare, therefore, in Serbia, an increase in the share of eggs
from non-battery systems can be expected in the upcoming period. During the transition
period, it is necessary to educate producers, but also consumers who, in addition to the
possibility to choose, need to be provided with knowledge about the differences in the
production and quality of eggs from various housing systems.

During a multi-week heat wave, in July 2024, the quality of eggs from all three production
systems - cage, floor, and free-range was much lower compared to the earlier research,
performed during autumn. Given that this research only concerns the quality of eggs in
supermarkets, further, more comprehensive research of all participants in the supply chain
could provide answers as to whether the low egg quality during summer is a consequence of
production management, storage or retail stores’ conditions. Such research would provide
guidelines for eliminating critical points in the entire supply chain, with the aim of achieving
better egg quality and consumer safety, especially in the conditions of increasingly hot
summers, with extremely high temperatures and prolonged heat waves. Also, continuous
research on the quality of eggs in supermarkets, during the year, would make it possible to
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more objectively determine the quality of eggs and their variations depending on the housing
systems.
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ABSTRACT

The aim of this paper was to produce biopolymer films on the basis of two oilseed cakes — pumpkin oil
cake (PuOC) and Camelina Sativa oil cake (CSoC). The fiims were produced by blending and
laminating film-forming suspensions obtained from both oilseed cakes in various ratios (25%-75%,
50%-50%, and 75%-25%). Plain biopolymer films served as controls. The aim was to characterize the
obtained 8 film samples regarding mechanical, physico-chemical, and barrier properties and to check
if, and how, each blended/laminated sample differs from controls. The obtained results pointed to
better mechanical properties of the films obtained from PuOC and all samples with a higher ratio of
this oil cake in its composition. On the other hand, CSoC transferred better barrier properties against
water vapor to the samples with a higher ratio of applied CSoC. Both mechanisms — lamination and
blending are effective methods for improving the mechanical and barrier properties of biopolymer
films. Still, lamination proved to be a more efficient method than blending, as films with improved
characteristics were obtained by this method.

Keywords: oilseed cakes, blending, lamination, biopolymer films, properties

INTRODUCTION

The production of biopolymer packaging generated a lot of interest due to the possibility of
utilization of food industry byproducts and residues. By-product recovery raises the notion of
sustainability and encourages recycling and reuse, increasing food waste value while
lowering expenses and environmental hazards associated with environmental disposal
(Hamed et al., 2022). Annually, approximately one-third of the produced food is lost or
wasted (Blakeney, 2019), so it is imperative to explore ways to minimize losses through their
valuation, such as biopolymer materials production (Esparza et al., 2020). Oilseeds are
grains used to produce vegetable oil. In 2023, 659 million metric tons of oilseeds were
produced worldwide (USDA, 2023). Cake or meal are important byproducts left behind after
oil is extracted. The potential uses of the oilseed cakes are as a source of energy and animal
feed, or they can be extracted to produce bioactive chemicals and value-added food
products or biopolymers packaging materials (Petraru & Amarei, 2020; Gupta et al., 2019;
Petraru & Amarei, 2020). Using complete oilcakes, which are inherently complex mixtures of
lipids, polysaccharides, and proteins (up to 50% recyclable proteins), is an intriguing strategy
which is why they present a promising raw material for edible, environmentally friendly
biopolymers that may find application in packaging. Additionally, the defatted seed wastes
usually have significant polyphenol contents, so derived edible films and coatings, may
possibly have antibacterial and antioxidant properties positively expressed on the packaged
content. As a result, the packaged products are shielded against deterioration (oxidation,
rancidity, and microbial spoiling). The total polyphenols ingested by the consumer along with
biopolymer films provides an additional nutritional contribution to these films (Toma et al.,
2015; Kadam et al., 2018).

Pumpkin oilseed cake (PuOC), a by-product obtained after the extraction of oil from pumpkin
seeds (Curcubita pepo L.) by cold pressing, is rich in proteins (up to 63%), carbohydrates,
oils, crude fibers, and other components. Examination of the composition, properties,
characterization and modification of properties, as well as the application of PUOC cake and
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its proteins, in various spheres of interest, such as packaging materials, filmogenic coatings
in the encapsulation process, natural emulsifiers, bioactive peptides, has been studied in
recent years (Popovi¢ et al., 2011; Vastag et al., 2011; Bucko et al. 2016; Cakarevié et al.,
2020). The possibility of obtaining biopolymer films based on PuOC was examined in the
work of Popovi¢ et al. (2011). The obtained results showed that the biopolymer film based on
PuOC, obtained at a temperature of 90 °C and pH 12, had the best mechanical properties,
as well as the best barrier to gases. In addition, films based on PuOC also showed
antioxidant activity, particularly those films obtained at pH 10 and a heating temperature 60
°C. After the complete characterization of the obtained films based on PuOC was carried out,
further research was focused on the possibility of forming packaging, i.e. PuOC based bags
(Bulut et al., 2017), as well as the possibility of maintaining a modified atmosphere in bags
based on composite laminar biopolymer materials (Bulut et al., 2016).

Camelina Sativa oilseed cake (CSoC), a by-product obtained after the extraction of oil from
wild flax seeds (Camelina Sativa), consists of approximately 10% fat, 45% crude protein,
13% fiber, 5% minerals. The addition of camelina oilseed cake, in combination with other
bioplastics, can be the basis for obtaining material with beneficial properties used in food
packaging (Sydor et al., 2022). In the Suput et al. study (2023a), the effect of cake
granulation and the presence of mucilage on film properties was investigated, and it was
concluded that biopolymer films based on camelina with the lowest cake granulation and with
the presence of naturally occurring mucilage exhibited optimal film properties. Further study
aimed to synthesize, characterize and optimize the development of biopolymer film based on
CSoC. By studying physico-chemical, mechanical, barrier, structural, antioxidant and
antimicrobial of the obtained films, and by applying appropriate mathematical models,
optimal process parameters were selected: pH=10, temperature=100°C, and
concentration=5% (Suput et al., 2024a). The consequential study aimed to confirm the
effects of the CSoC-based biopolymer coating as a packaging layer on the quality and
sustainability of the osmotically dried beetroots (Suput et al., 2024b).

In this work, the optimal process parameters for both cakes were applied and blended
biopolymer films with different cake ratios were produced to examine how each of the oilseed
cakes would affect film properties. Additionally, laminated film samples were produced in the
same ratio as blended to examine whether the film-making process affect the obtained film
properties.

MATERIAL AND METHODS

Materials

Ground pumpkin oilseed cake (PuOC) was obtained from the company Linum doo (Conoplja,
Serbia), while Camelina Sativa seeds were kindly supplied by the Institute of Field and
Vegetable Crops (Novi Sad, Serbia). The fraction of cold-pressed camelina seed cake (<180
pum) was used for biopolymer film preparation. PuOC contained 63.52% proteins, 8.66% oils,
and 4.5% cellulose, while CSoC fraction contained 39.4 % protein, 19.4 % oil, and 5.9 %
cellulose. Glycerol (92,1 g/mol) was obtained from Lach-Ner (Croatia), deionized water was
obtained from Alfapanon (Serbia) and granulated NaOH was obtained from NPK- Inzinjering
(Serbia).

Methods

The glycerol (30% calculated on the weight of the cake) was added to both aqueous
solutions of the cakes (10% for PUOC and 5% for CSoC). The pH of the suspension was
adjusted to 12 for PuOC and 10 for CSoC and then heated to 90°C for PuOC and 100°C for
CSoC for 20 minutes. Both film-forming suspensions were filtered and ready for further use.
The first group of samples were 2 controls obtained when 50g each of PuOC and CSoC
suspensions were poured onto Petri plates. The second group of samples was obtained by
mixing film-forming suspensions into one suspension in the ratio of 25%PuOC (12.59) -
75%CSoC (37.5g), 50%PuOC (25g) - 50%CSoC (25g), and 75%PuOC (37.59) - 25%CSoC
(12.5g) and subsequently poured onto Petri plates (50g of each mixture). The third group of
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film samples was obtained by lamination: PuOC suspension parts (25%, 50% and 75%,
which corresponds to 12.5g, 25g and 37.5g) were poured on Petri plates and when they
were dried under room conditions the remaining amount of CSoC suspension (75%, 50%
and 25%, respectively; which corresponds to 37.5g, 25g and 12.5g, respectively) was poured
(laminated) over it and eventually dried. Consequently, this procedure resulted in 8 film
samples labeled as 1-8 (Figure 1), where labels correspond to the percentages of each
oilseed cake in film-forming suspension as follows:

1 2 3 4 S 6 7 8

Figure 1. Samples: 1 - 100 PuOC; 2 - 75PuOC-25CSoC Bl; 3 - 75PuOC-25CSoC Lam; 4 - 50PuOC-
50CSoC BI; 5 - 50PuOC-50CSoC Lam; 6 - 25PuOC-75CSoC BI; 7 - 25PuOC-75CSoC Lam; 8 - 100
CSoC.

Bl - blended, Lam - laminated.

Mechanical properties - tensile strength (TS) and elongation at break (EB) were measured
following the standard method EN ISO 527-3:2018 (clamps distance 50 mm; test speed 50
mm/min).

Water vapor permeability was determined according to the standard method ISO 2528:2017
(temperature 23°C, relative humidity 50%).

Moisture content (MC) was determined as the percentage of weight reduction after film
drying until constant weight, expressed on the total weight of the film (Suput et al., 2024a).
Film solubility was evaluated when dried film samples (m1) were immersed in 30 mL of
deionized water and for 24h at room conditions after which films were dried again until
constant mass (m2). The total solubility of the films (%) was calculated according to
equation:

S (%) = (m1-m2)/m1* 100

Film thickness, tensile strength, and elongation at break were expressed as mean values of
five repetitions + SD while moisture content, film solubility, and water vapor permeability
were expressed as mean values of three repetitions + SD.

RESULTS AND DISCUSSION

The mechanical properties of biopolymer packaging depend on the nature and composition
of the film-forming solution (the structure and coherence of the polymer matrix chains, and
the way the film is produced (Petraru & Amariei, 2023). In this case, PuOC-based films
proved to have superior mechanical properties over films based on CSoC (Figure 2), which
correlates with previous literature findings (Bulut, 2021; Suput et al., 2024a). When
combining these two materials in different ratios PuOC has transferred its good mechanical
properties to the blended/laminated films with its positive influence being greater in films with
a higher PuOC ratio. This effect was more notable when examining elongation at break.
Tensile strength values were in the range of 0.7-0.97 MPa, which is comparable with other
biopolymer films obtained from oilseed cakes (Mirpoor et al., 2024; Jang et al., 2011; Bulut,
2021). On the other hand, elongation at break values we significantly different when applying
PuOC (95.23%) and SCoC (7.90%) as raw materials for biopolymer film preparation. Further,
laminated film samples proved to have favorable mechanical properties over blended films
which is most noticeable in samples 4 and 5, where 50% of each oilseed cake participated in
film-forming. Elongation at break in laminated sample 5 was 54.31% while blended film 4
displayed 13.04%.

The obtained results are in agreement with other studies that also reported that incorporating
zein into chitosan film could result in a rougher, more elastic, and softer film structure
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compared with a single chitosan film (Escamilla-Garcia et al., 2013); shellac addition, applied
as blend and lamination, improved zein film properties (Suput et al., 2023b) and that gelatin
addition into starch biopolymer films, applied as blend and lamination, improved starch film
properties (Suput et al., 2022). The most pronounced differences between laminated and
blend films have been observed by monitoring the mechanical characteristics so lamination
is suggested as the optimal method of film preparation (Suput et al., 2022).
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Figure 2.a. Tensile strength (MPa), b. Elongation at break (%) of blended and laminated PUOC-SCoC-
based films

Product water content, humidity, and temperature all greatly impact biopolymer-based film
properties. As a result, if these factors change, the film's physical characteristics might also
change, which restricts their application. Water sensitivity depends on film moisture content
in a given environment, its ability to absorb water, and its solubility in water. Because it
affects how films are used in technical applications, water solubility is very important (Petraru
& Amariei, 2023).

Table 1. Moisture content (%) and solubility (%) of blended and laminated PuOC-SCoC-based films

1 2 3 4 5 6 7 8
19.78 19.62 19.70 17.52 16.37 16.49 15.12 14.81
MC (%) +0.76 +0.59 +0.74 +0.11 +0.13 +0.43 +0.68 +0.68
34.11 33.31 35.63 33.11 33.08 36.25 35.44 35.65
S (%) +0.33 +0.42 +0.16 +0.36 +0.58 +0.54 +0.60 +0.83

Moisture content values were 19.78 % for PUOC-based film and 14.81 % for CSoC-based
film. Since it is favorable if the moisture content is lower, this means that CSoC has a
positive effect on blend/laminated film properties. This is more pronounced when lamination
was applied as it can be seen from samples couples 4-5 and 6-7. Solubility values were in
the range of 33.08-36.25 % indicating no significant effect of the film-making process on the
examined property.
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Figure 3. Water vapor permeability of blended and laminated PuOC-SCoC-based films

The value of water vapor permeability of films based on PuOC was 12.69 g/m2h, while the
permeability of films based on CSoC was 6.94 g/m2h. In all other film samples, without
exception, where the percentage of PuOC was higher, higher water permeability values were
obtained (10.79 and 8.92 g/m2h) compared to the samples with lower PuOC share in the
film-forming matrix (7.71and 7.54 g/m2h). It can be concluded that the addition of CSoC in a
larger amount contributed to the improvement of the barrier properties of the obtained films.
A difference in the value of water vapor permeability was observed for all pairs of samples (at
the ratio of 75-25, 50-50, and 25-75) depending on whether the films were obtained by
blending or lamination. In all tested samples, lamination gave better results since lower
values of water vapor permeability are considered desirable, which is in agreement with
Phan The et al. (2008) and Suput et al. (2023b).

Both mechanisms are effective methods for improving the mechanical and barrier properties
of biopolymers. As for blending films with monolayer structures, added components are
probably evenly distributed in the biopolymer matrix. However, their water resistance ability is
much lower than the laminated films. In case of laminated films, the biopolymer matrix offers
smooth surfaces and structural-mechanical support, making it easier to apply the second
layer. This is why laminated films have higher mechanical and barrier efficiency (Suput et al.,
2023Db).

CONCLUSIONS

The use of food processing industry waste to obtain new biopolymer materials has been on
the rise in recent years. This work aimed to point out how different ratios of oilseed cakes in
film-forming suspension affect the obtained film properties. The obtained results indicated
that all samples having a larger ratio of PuOC in their composition had superior mechanical
capabilities. Conversely, samples with a larger ratio of applied CSoC had better barrier
qualities against water vapor. The mechanical and barrier qualities of biopolymer films can
be effectively enhanced by either lamination or blending process. Nevertheless, lamination
turned out to be a more effective technique if strong mechanical strength and good barrier
qualities were essential. Blended films may be the better option in applications where
biodegradability and ease of processing are more crucial. A further step would be the
application of the resulting films as packaging materials for various food products, where
film's advantages will be highlighted through different application.
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ABSTRACT

The increased demand for food that is nutritionally rich and safe for consumption is influencing the use
of different methods and materials to extend its shelf life. The increased demand for food that is
nutritionally rich and safe for consumption affects the use of different methods and materials to extend
its shelf life. Today's use of plastic and similar packaging material results in large amounts of waste
that later creates environmental problems. Therefore, the increasing use of natural and biodegradable
coatings and films is being examined today extensively. The edible coatings have long been used to
provide natural casing materials for meat products, to delay respiration rate and moisture loss of fruits
and vegetables, and to prevent diffusion of moisture and oxygen into nuts. These coatings can be
enriched with other additives, which affect the improvement of aroma, colour, taste, smell and
appearance of food. Moreover, they have more functional properties than classic packaging because
they can contain different bioactive substances, so they can have antimicrobial and antioxidant
properties, as well as probiotic activity. An important source of biologically active components are
essential oils, which are increasingly used in the food industry, especially because of their
antimicrobial effects, and as a natural preservative. Pectin is a natural thickener, stabilizer and gelling
agent, and due to its extremely good water solubility and gelling ability, it belongs to the most
commonly used hydrocolloid in the production of edible coatings. Pectin coatings have good barrier
properties for gases, are environmentally friendly, biodegradable, available and cheap. Incorporation
of essential oils into the pectin-based coatings, can create active packaging systems, which provide
more efficient preservation and shelf life of fresh and processed food items. The aim of this paper is
the review of the possible use of essential oils in development of pectin-based edible coatings.
Moreover, the paper will also refer to the application of essential oil nanoemulsions as a new field of
study for the development of edible coatings and films which can extend the shelf life of food.
Keywords: edible coatings, essential oils, food preservation, pectin.

INTRODUCTION

The main benefit of any packaging material is protecting food from environmental factors
such as heat, moisture, oxygen, enzymes, unpleasant odour components, as well as from
attack of micro and macro-organisms (Vujkovi¢ et al., 2007). Various polymer materials,
especially those obtained by synthetic means, are most widely used in food packaging, but
the majority of polymer materials are obtained from non-renewable resources, and they are
not biodegradable or compostable, representing a global environmental problem. For these
reasons, the food industry is trying to apply not only biodegradable and environmentally
friendly packaging, but packaging in the form of edible coatings. In simple terms, edible
coatings represent a thin layer of edible material which can be applied directly to a surface of
a food product. The edible coatings have long been used to provide natural casing materials
for meat products such as sausages, to delay respiration rate and moisture loss of fruits and
vegetables, and to prevent diffusion of moisture and oxygen into nuts (Yemenicioglu et al.,
2019). In addition to good barrier properties against water vapor and gases on food products,
edible coatings improve the quality of food, extend the shelf life and reduce the consumption
of packaging material. Pectin is a natural thickener, stabilizer and gelling agent, and due to
its good water solubility and gelling ability, it belongs to the most commonly used
hydrocolloid in the production of edible coatings and films. Pectin-based coatings show good
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barrier properties for gases, they are easily available, cheap and environmentally friendly
(Nisar et al., 2018). Moreover, pectin-based edible coatings can be carriers of bioactive and
active compounds, including antioxidants, flavorings and antimicrobial compounds, among
others. Very often, these coatings have been used as carriers of plant essential oils (EOs)
which are natural flavoring substances with GRAS status (Generally Recognized As Safe by
FDA). EOs antimicrobial effects, including antibacterial and antifungal activity, as well as
pharmaceutical and therapeutic potentials, have been well documented (Burt, 2004).
However, the required amounts of EOs to impart effective antimicrobial and other properties
generally exceed the organoleptic acceptance levels. For that reason, studies have proposed
nanoemulsions as a new delivery system for encapsulating and releasing EOs from edible
coatings into food products. The use of EOs in nanoemulsion coating stabilizes the
bioactivity, provides antimicrobial properties and maintains the effect on flavor, aroma and
taste of coated foodstuffs (Pandey et al., 2022). The use of edible coatings in the protection
of foods such as fresh fruit and vegetables, but also meat products are increasing today. A
lot of research is focused on the possible application of various EOs and their individual
components as bioactive ingredients in films and coatings that affect the extended shelf life
of packaged food. For this reason, the main goal of this paper is the review of the possible
use of EOs in the development of pectin-based edible coatings. Moreover, the paper will also
refer to the application of EO nanoemulsions as a new field of study for the development of
edible coatings and films which can extend the shelf life of food.

PECTIN-BASED COATINGS WITH ESSENTIAL OILS

The selection of the most appropriate edible materials for coatings in food preservation
depends on different factors, such as cost, availability, mechanical properties, transparency,
brightness, gas barrier effects and resistance to water and microorganisms (Yemenicioglu et
al., 2019) Pectin is a multifunctional polysaccharide widely used in the food industry as a
thickening and gelling agent, as well as in edible films or coatings as matrix structuring
agents. Pectin-based coatings are excellent barriers of gas exchange such as O,, CO,,
ethylene, but showed rather poor water barrier properties which can be improved by the
addition of hydrophobic additives (e.g., lipids) (Lazaridou and Biliaderis, 2020). Moreover,
incorporation of active ingredients (antimicrobials, antioxidants, etc.) into the pectin-based
coatings creates an ‘active’ packaging system. The addition of different EOs to such coatings
has proven to be desirable, especially if their antimicrobial properties are taken into account
(Nisar et al., 2018).

Table 1. shows the most frequently tested EOs or their major compounds that were added to
pectin-based edible coatings, as well as the observed effect on packaged food. Table 1.
shows that pectin-based edible coatings with the addition of various EOs have been tested
the most in the protection of fruits and vegetables, especially fruits such as peaches,
strawberries, raspberries, grapes, tomatoes etc. One part also refers to coatings that have
been tried to be applied in extending the shelf life of seafood and various fish fillets (Alvarez
et al., 2014; Tabatabaei Moradi et al., 2015). Many studies have confirmed that pectin-based
edible coatings with EOs can become an alternative to plastic packaging material mostly due
to their antimicrobial effects, which influence on prolonged shelf life of coated food (Perez-
Vazquez et al., 2023).

However, sometimes the required amounts of EOs to impart effective antimicrobial properties
generally exceed the organoleptic acceptance levels (Abdi and Bakshi, 2019). As expected,
for this reason, research is increasingly focused on the application of EO nanoemulsions.
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Table 1. The effects of essential oils or their major compounds incorporated in pectin-based edible
coatings on coated food properties.

EO or its Pectin Coated food Effect observed References
major solution
compound
Cinnamon Pectin Peach Antimicrobial, antioxidant activity. Ayala-Zavala
leaf EO (3%) + (Prunus Odour acceptability up to 10 days etal., 2013.
glycerol persica) (5°C)
Lemon EO Orange Table grapes | Prolonged the grapes' shelf life by Breceda-
peel pectin 35 days. Prevented fungal decay | Hernandez et
(1.5%) and moisture loss without affecting al., 2020.
the grape composition.
Lemon and Pectin Strawberry Increased strawberry shelf life for Abdi et al.,
orange peel (1%) Fruit 12 days compared to the control 2017.
EOs sample.
Lemon and Pectin Black Coating fruits with lemon EO Abdi and
thyme EOs (2%) raspberry delayed degradation of Bakshi, 2019.
anthocyanin and vitamin C.
In the case of thyme EO, it was
concluded that a milder essential
oil should be used due to the
strong smell of thyme, which
affects the final taste of the product
Clove EO Citrus Bream Maintain the quality of bream fillets Nisar et al.,
pectin (Megalobrama | and eventually prolong the shelf 2019.
(3.5%) ambycephala) life of the product up to 15 days.
Texture, odour, colour and overall
acceptability of coated samples
were much better than those of
untreated samples.
Oregano EO Citrus Fresh shrimps Pectin-OEO mixtures showed Alvarez et al.,
pectin (3%) Cucumber antibacterial effect against food 2014.
pathogenic and spoilage
microorganisms.
Pectin Fresh-cut Maintain the physicochemical and Mohd
(2.25%) papaya microbiological quality of the fresh- Ridzuan et
cut papaya more than the al., 2022.
uncoated sample throughout 12
days of storage
Citrus Tomatoes Antifungal effect, increasing total Rodriguez-
pectin (3%) phenol content and antioxidant Garcia et al.,
activity. 2015.
Lemon and Pectin Rainbow Multilayered edible coating with an Tabatabaei
peppermint (2%) Trout Fillets antimicrobial compound can Moradi et al.,
EO properly delay the growth of 2015.
spoilage microorganisms and
prolong the shelf life of meat
products.
Citral and Pectin (1- Raspberry Fresh raspberry can be stored for | Guerreiroa et
eugenol 2%) fresh fruit at least 7 days at 4°C, when al., 2015.
edible coatings of PE are enriched
with citral and eugenol at
concentrations (0.1 and
0.15%, respectively).
Garlic EO Pectin + Red Chili Inhibition of weight loss for 14 Heristika et
gelatin days, extend red chili storage life al., 2023.
(3%) up to the 14 days at 29°C.
50:50 (v/v)
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PECTIN-BASED COATINGS WITH ESSENTIAL OIL NANOEMULSIONS

The increased consumer demand for natural food preservation has influenced the
development of mild preservation technology which will improve the food quality and safety
without causing nutritional and sensory loss (Abdi et al., 2017). One of the ways in which the
aforementioned properties of food can be influenced is the use of EO nanoemulsions in the
production of pectin-based edible coatings. Equally, the use of EOs nanoemulsions instead
of synthetic food preservatives such as potassium sorbate, sulphites, or nitrites is in line with
the “clean label”’ trend. Moreover, the utilization of EOs nanoemulsions in edible films has
opened up a new field of study for the development of edible coatings, especially while the
most EOs added to edible coatings have negative effects on organoleptic properties of
coated foodstuff (Baghi et al., 2023). Because their low stability and intense flavour, EOS use
is sometimes restricted. The encapsulating EOs in nanoemulsions helps to overcome these
problems by increasing their stability and reducing excessive flavour. Nanoemulsions are oil-
in-water or water-in-oil emulsions that aid in improving the physicochemical properties of
edible coatings applied on different foodstuffs. For example, using orange peel EO
nanoemulsion in a pectin-based edible coating on fresh-cut orange slices improves the
quality and sensory characteristics of the product (Radi et al., 2017), or cinammon oil on
fresh cut apple (Nagash et al., 2021). Table 2. shows some EOs that were added to pectin-
based edible coatings in the form of a nanoemulsion and their observed effects on coated
foodstuffs.

Table 2. The effects of some essential oil nanoemulsions incorporated in pectin-based edible coatings
on foodstuff properties.

Type of EO Type of food Effect observed References
nanoemulsions
Curcumin with Chicken fillet Increased the shelf life up to 12 Abdou, E.S. et al.,
garlic EO days. 2018.
Curcumin with Chicken fillet Improved sensory characteristics of | Abdou, E.S. et al.,
cinnamon EO chicken fillet. 2018.
Cinnamon oll Fresh-cut apple Improved safety and quality. More Nagash et al.,
effective in preventing the 2021.

proliferation of pathogenic as well
as general microflora and
enhancing its safety.
Orange peel EO Fresh-cut orange Reduced the quality loss of the Radi et al., 2017.
orange slices and improved the
sensory scores during storage.
Extended the shelf life at 4°C for 17
days without any undesirable
impacts on sensory attributes.
Oregano essential Pork loin Prolonged the shelf-life of pork by | Xiong et al., 2020.
oil and resveratrol minimizing the pH and colour
change, retarding lipid and protein
oxidation, maintaining meat
tenderness, and inhibiting microbial

growth.
Cinnamaldehyde Ground beef Antimicrobial activities, reduction in Baghi, et al.,
yeast populations and preservation 2023.

of meat color.

EO nanoemulsions can be added to both edible coatings and films, but previous published
scientific papers suggest that they have been studied more as additives in pectin-based
edible films than in edible coatings. So far, very few studies have been published that include
the use of EO nanoemulsions in pectin-based edible films (Norcino et al., 2020). Besides
affecting the reduction of taste and smell of EOs in pectin-based edible coatings, some other
advantages of nanoemulsions in edible coatings is that they can help limit the wide
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transmission of active components, prevent interactions with other food matrix elements,
improve the antibacterial and antioxidant activity, as well as uniformity of edible coatings
(Pandey et al., 2022). Also, it has been noted that the transformation of EOS into
nanoemulsion increases their antimicrobial effect (Baghi, et al., 2023). Edible coatings with
EO nanoemulsions would represent an effective approach to placing active ingredients from
EOs on the surface of foods.

CONCLUSIONS

The food industry is forced to replace or at least reduce the use of synthetic polymer
materials not only because of their non-degradability and ecological unacceptability, but also
because of the increasing demands of consumers focusing on the use of natural substances.
One of the ways to achieve this is the use of edible coatings, especially in preserving the
sensorial and nutritional characteristics of foodstuffs, and prolonging their shelf life, mainly
due to reduced microbiological activity. The application of edible coatings based on pectin
with the addition of EOs already has its application in the protection of fruits and vegetables,
and various EOs are widely tested as additives to coatings to preserve the durability of meat
products, seafood and fish. The main disadvantage of adding EOs to edible coatings is their
strong smell and taste, which impair the organoleptic properties of the coated food. To avoid
this, research is focused on the application of EO nanoemulsions. EO nanoemulsions in
edible coatings can prevent interactions with other elements of the food matrix, improve
antibacterial and antioxidant activity, as well as the uniformity of edible coatings, but also
increase the antimicrobial effect of EOs. The use of EOs in edible coatings is becoming more
and more popular and researchers are targeting new methods of application of edible
coatings, especially pectin-based edible coatings with the addition of EO nanoemulsions.
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ABSTRACT

The mechanical properties of pure and modified chitosan films are the main focus of this study. Four
groups of chitosan films were prepared: control (CH-C), chitosan-starch (CH-ST-C) anthocyanin
incorporated chitosan (CH-E), and anthocyanin incorporated chitosan-starch (CH-ST-E). The
anthocyanins were obtained from purple cabbage, using solvent extraction. The puncture test and
tensile test were performed in order to evaluate Young's modulus, tensile strength, breaking strength,
deformation, and elasticity using texture analyser (MicroStable systems). The results indicated that
CH-C films had the highest breaking strength (2.405 MPa) and deformation (9.840%), demonstrating
superior resistance to applied force compared to other films. On the other hand, CH-ST-E films
exhibited the lowest breaking strength (0.199 MPa) and deformation of 8.355%, suggesting significant
weakening as the extract was added. CH-E films had a slight improvement in tensile strength (11.094
kPa) over CH-C films (10.082 kPa), whereas CH-ST-E films had the lowest tensile strength (1.226
kPa). Elasticity was highest in CH-ST-E films (14.222%), indicating enhanced flexibility with the
addition of anthocyanin, while CH-C films had the highest Young's modulus (148.225 kPa), reflecting
their stiffness. The incorporation of anthocyanin extract generally reduced the breaking strength and
deformation, but improved the elasticity, especially in chitosan-starch films. These results are
significant because they highlight the potential use of these films in flexible packaging systems. The
inclusion of anthocyanin is a promising alternative for various packaging applications, as visual
freshness or spoilage indicators of food products.

Keywords: chitosan, chitosan-starch, anthocyanin, mechanical properties

INTRODUCTION

Food spoilage is a perpetual problem that affects public health, as well as global economy,
trade and tourism. Despite the excessive regulations and technological developments,
foodborne diseases still remain a problem for consumers. Due to the constant demands of
consumers for healthy food, minimally processed food and environmental protection, the
development of efficient food packaging systems that will minimize the dangers of spoilage is
becoming increasingly important. In this regard, intelligent packaging systems begin to grow
(Ma et al., 2022; Khan et al., 2024). Intelligent packaging is a system capable of converting
the changes in food products into visual or readable forms. These types of packaging
systems can monitor the actual situation of the food and give information about its freshness
or degree of spoilage during transportation and storage (Azeredo & Correa, 2021).
Anthocyanins are natural, water-soluble polyphenolic pigments that are present in numerous
fruits and vegetables, such as berries, purple cabbage, black rice, purple carrot, eggplant.
They have a potential to be used in intelligent packaging systems, due to their ability to
change color according to the pH of the environment. Under acidic pH conditions,
anthocyanins show red hues and the highest stability. As the pH rises, the color of
anthocyanins solutions changes from red to pink, purple, blue, green and yellow in most
alkaline pH conditions (Oliviera Filho et al., 2021).

Plastics are dominant in the food packaging market because of their flexibility, low price and
recyclability. However, efforts are being made to develop alternative environmentally friendly
packaging that will replace conventional plastic packaging (Suzihague & Zamroni, 2019).
Biopolymers, such as starch, chitosan, gelatin, alginate etc. are successfully used in
intelligent packaging systems, thanks to their biodegradability, edibility, film-forming abilities,
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and compatibility with functional additives. This study focuses on chitosan and composite
chitosan-starch biofilms and their mechanical properties. The mechanical properties are
important because it depends on them whether the film can protect the food product from
physical damage and maintain its integrity during storage and transportation.

MATERIAL AND METHODS

The scheme of preparation of CH-E (a) and CH-ST-E (b) is shown in Fig.1.

Modified starch Starc]

nw
(

Figure 1. Representative scheme of preparation of CH-E (a) and CH-ST-E (b) biofilms

For preparation of CH-C and CH-E films, 1% chitosan solution was prepared in 1.25% acetic
acid. The solution was stirred on a magnetic stirrer until complete dissolution of the chitosan.
Then, glycerol and Tween 80 were added at 24% (w/w) in both biofilms. After the addition of
the plasticizers, the CH-C solution was casted onto a plastic petri dish. The CH-E solution
was made after mixing the CH-C solution with the anthocyanin extract in 4:1 ratio. Both types
of films were obtained using the casting method.

The chitosan-starch films were made in such a way that, previously, the starch and chitosan
solutions were separately prepared and then combined into one solution. Modified starch
powder (1.25% w/v) was mixed with distilled water and incubated for 20 minutes in a water
bath at 85°C. The chitosan solution (1%) was prepared in 1.25% acetic acid. For the
preparation of CH-ST-C films, chitosan and starch solutions were mixed in 1:1 ratio, with the
addition of glycerol (30% w/w) and Tween 80 (30% w/w). The CH-ST-E films were made by
combining the chitosan solution, starch solution and anthocyanin extract in 5:3:2 ratio. The
plasticizers were also added at 30% (w/w). Casting method was also used for obtaining the
CH-ST-C and CH-ST-E films.

Glycerol was added to biofilms to improve their flexibility and elasticity, preventing brittleness
and improving handling properties. Tween 80 was used as an emulsifier to enhance the
mechanical strength of the biofilms (Yoshida et al., 2008).

The anthocyanin extract from purple cabbage was obtained by solvent extraction, based on
previously published procedure with 1% of citric acid in water, with some modifications (Lee
& Wrolstad, 2004). The plant material was mixed with 1% citric acid and they were ground in
a blender. The mixture was stored on 4°C for 3 hours for continuous extraction, and then it
was filtered through filter paper under vacuum.

Samples were cut from each film sample and measured at 10 points for thickness, using
Extol Premium Digital Caliper.
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In order to determine the breaking strength and deformation, films were cut into five samples
with dimensions of 2x2 cm. The penetration was performed with a probe with 2mm diameter,
using texture analyser (MicroStable systems). Tensile test was performed using tensile grips,
on five samples with dimensions of 7x2 cm to determine the Young’s modulus, elasticity and
tensile strength of the films. The sample is gripped at either end and stretched until it breaks
using tensile grips and test speed of 2 mm/s, according to ASTM D638 test method (ATSM
D638, 2014). The performed puncture test (a) and tensile test (b) are shown in Fig.2.

‘ y I

(b)

Figure 2. Puncture test (a) and tensile test (b) performed on films

RESULTS AND DISCUSSION

The thickness and the mechanical properties of the four different biofilm samples are shown
in Table 1. CH-C and CH-E films had similar thicknesses of 0.056 mm and 0.055 mm,
respectively, suggesting that the addition of anthocyanins did not significantly alter the film
thickness. The thicker composite films, however, indicate that the addition of starch — more
specifically, the combination of starch and anthocyanins — increases the thickness of the film.
CH-E films had a slight improvement in tensile strength over CH-C films, whereas CH-ST-E
films had the lowest tensile strength. Elasticity was highest in CH-ST-E films, indicating
improved flexibility with the addition of anthocyanins. CH-E exhibited the lowest deformation
compared to the other biofilms.

Table 1. Thickness, tensile strength, elasticity and deformation of chitosan and composite chitosan-
starch biofilms with and without anthocyanins

CH-C CH-E CH-ST-C CH-ST-E
Thickness (mm) 0.056 + 0.04 0.055 +£0.02 0.066 +0.03 0.099 + 0.06
Tensile strength (kPa) | 10.082 +4.905 | 11.094 £9.810 | 4.496 + 3.270 1.226 £ 0.817

Elasticity (%)

7.194 +5.333

8.476 + 10.667

12.875 + 8.666

14.222 +17.833

Deformation (%)

9.840 £ 2.716

2.755 £ 2.357

9.763 + 5.202

8.355 £ 7.240
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Furthermore, the breaking strength (a) and the Young modulus (b) were determined and the
results are shown in Fig.3.
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Figure 3. Breaking strength (a) and Young modulus (b)

The chart on the left (a) illustrates that CH-C has the highest breaking strength, followed by
the chitosan film containing anthocyanins. The addition of starch significantly reduces the
breaking strength, and therefore, it is found that the CH-ST-C exhibits a noticeable decrease.
The composite film including both starch and anthocyanins (CH-ST-E) had the lowest
breaking strength, which suggests that the presence of anthocyanins contributes to a
significant decrease in mechanical resistance.

The chart on the right (b) illustrates the Young's modulus, which measures the rigidity of a
material, indicating how much it will deform under a given stress. The lowest Young’s
modulus in the composite CH-ST-E film indicates that it is more flexible compared to the
other films, which is a result of the addition of starch and anthocyanins to the chitosan matrix
(Ren et al., 2017). Flexibility in biofiims can be desirable or undesirable, depending on the
product that should be packed. For example, biofilms with increased flexibility can be used
for packaging of irregularly shaped products. On the other hand, extreme flexibility may
compromise the structural integrity and mechanical strength of the packaging, making it less
suitable for heavier products during transportation. Therefore, an optimal balance between
flexibility and strength is crucial for a successful application (Peelman et al., 2013).

CONCLUSIONS

This research focuses on understanding the changes in mechanical properties due to the film
composition, i.e. the addition of anthocyanin extract into biopolymer matrixes. The films of
pure chitosan (CH-C) and chitosan with anthocyanins (CH-E) had similar thicknesses,
indicating that anthocyanins do not significantly affect the film thickness. However, the
addition of starch, especially in combination with anthocyanins, significantly increased the
thickness of the films.

Regarding the mechanical properties, CH-E films showed little improvement in tensile
strength compared to CH-C, while CH-ST-E had the lowest tensile strength. On the contrary,
the highest flexibility was determined in CH-ST-E films, which proves that the addition of
starch and anthocyanins increased the flexibility of the films, and this was confirmed with the
lowest Young’s modulus of the CH-ST-E films.

The lowest deformation was observed for CH-E films. In addition, the breaking strength was
highest in CH-C films, while the addition of starch significantly decreased the breaking
strength, especially in CH-ST-E films.

Overall, the results show that the addition of starch and anthocyanins to the chitosan matrix
increased the thickness and flexibility of the films, but decreased their mechanical resistance.
Proper optimization of the film’s composition is very important for a successful use in food
packaging systems. Combination with other materials or the addition of some additives can
improve the mechanical properties of biofilms, which can lead to the production of quality,
biodegradable, non-toxic and environmentally friendly packaging systems.
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For a practical application of these films in food packaging, future research should focus on
optimizing the combination of chitosan, starch, and anthocyanins to achieve a balance
between flexibilty and mechanical resistance. Furthermore, research into the
biodegradability and cost-effectiveness would encourage the transition from conventional to
environmentally friendly packaging alternatives.
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ABSTRACT

This study is focused on characterization of composite starch-gelatin films with and without the
addition of anthocyanin derived from purple cabbage, aiming at developing intelligent packaging
system that can be used to monitor food quality. The comparison is made between two films: control
composite starch-gelatin films (ST-GEL-C) and anthocyanin incorporated composite starch-gelatin
films (ST-GEL-E). A comprehensive analysis was conducted to determine the thickness of the films,
moisture content, optical properties, mechanical properties, degree of swelling, solubility and WVP.
The results demonstrated that the incorporation of anthocyanins significantly affected the properties of
the starch-gelatin films. The inclusion of anthocyanin extract resulted in altered transparency,
absorbance and transmission spectra, which highlights the potential use of these films as visual
spoilage indicators. The changed color of the films at different pH (2-12) was also monitored and
photographed and it showed that this film can be successfully used as intelligent packaging.
Additionally, the mechanical properties and water vapor permeability of the films were assessed to
determine their suitability for food packaging applications. ST-GEL-E films displayed higher tensile
strength and elasticity, as well as thickness. The findings suggest that anthocyanin-enriched films not
only provide enhanced functional properties but also offer a promising approach for intelligent
packaging solutions.

Keywords: starch-gelatin, intelligent packaging, anthocyanin

INTRODUCTION

The rapid spoilage of food is a major concern in the food industry. It leads to significant
economic losses and health risks associated with foodborne pathogens. The food packaging
industry is moving towards creating new packaging systems that will be able to monitor the
state of the food at any point in time (Khan et al., 2024).

The aim of this research is to develop and characterize a new packaging system that is
based on starch and gelatin. Starch and gelatin are biodegradable, edible, film forming
biopolymers that have the potential to be combined with anthocyanin extracts to create an
intelligent packaging. Intelligent packaging systems are capable of converting the changes in
food products into visual or readable forms and providing the consumer information about the
freshness of the food. Anthocyanins are water soluble pigments that can change their color
according to the pH of the environment. They can be present in various fruits and
vegetables, such as berries, pomegranate, purple cabbage, cherries etc. Incorporated in a
biopolymer film, anthocyanins have a promising potential to be used as pH indicators, which
can notify the consumer that the spoilage of food products has begun (Rawdkuen et al.,
2020). This can be beneficial in more ways. First, if the product isn’t stored properly it will
start deteriorating faster, and this change can be caught by the indicator. On the other hand,
the indicator can show that the food is safe for consumption even after the expiration date
and this can contribute to minimizing the food waste.

Purple cabbage is a rich source of anthocyanins and because of its abundance and low cost
it has received a lot of attention from researchers (Abedi-Firoozjah et al, 2022). Anthocyanin
extract derived from purple cabbage has been used in combination with plenty of
biopolymers, such as starch/polyvinyl alcohol, chitosan/polyvinyl alcohol, gelatin,
chitosan/corn starch etc (Zhang et al., 2020, Dang & Chen, 2019, Musso et al., 2019, Silva-
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Pereira et al., 2015). It has a lot of potential to be used in intelligent packaging systems due
to its distinct color change according to pH of the environment.

This study aims to develop a new composite film by combining starch, gelatin and
anthocyanin extract from purple cabbage. By comparing the control starch-gelatin films (ST-
GEL-C) with anthocyanin-incorporated films (ST-GEL-E), this research aims to explore the
impact of anthocyanins on the films' physical, optical, and mechanical properties, and their
ability to function as a spoilage indicator.

MATERIALS AND METHODS

Preparation of the extract and biofilms

The anthocyanin extract from purple cabbage was obtained by solvent extraction. The plant
material was mixed with distilled water acidified with 2% citric acid and they were ground in a
blender. The mixture was stored on 4°C for 3 hours for continuous extraction, and then it was
filtered through filter paper under vacuum.

Starch powder (3% w/v) and gelatin powder (3% wi/v) were separately mixed with distilled
water and incubated for 10 minutes in a water bath at 85°C. Before merging the two solutions
in 1:1 ratio, they were stirred continuously on a magnetic stirrer for 15 minutes. The control
sample was made by mixing the gelatin and starch solutions on a magnetic stirrer for 2
hours, with the addition of glycerol as plasticizer. The sample with incorporated extract was
made by mixing the two solutions, with the addition of extract (14% v/v) and glycerol. The
plasticizer was added at 6.67% (w/w) in both biofilms. The films were obtained using the
casting method.

Characterization of the extract and biofilms

The color changes of the extract were photographed at different pH values (2-12). The pH of
the sample was adjusted using 1M HCI and 1M NaOH. The total anthocyanin content in the
extract was expressed as cyanidin-3-glucoside equivalents as in Equation 1 (Le et al., 2019).

Anthocyanin pigment (%) — AXMWxDEXVx1000 [1]

L axlxm

where Ais the absorbance, MW is the molecular weight of cyanidin-3-glucosode (449.2
g/mol), DF is the dilution factor, V is the solvent volume (mL), ais the molar absorptivity
(26,900 L-mol™-cm™), and | is the cell path length (1 cm).

The pH-sensitivity of the anthocyanins-rich films were determined by immersing the films in
different buffer solutions (2-12) and the changes of the color were photographed. Samples
were cut from each film type and measured at 10 points for thickness, using Extol Premium
Digital Caliper. Moisture content was measured using the AOAC 934.01 method on five
samples cut into 2x2 cm (AOAC, 2000). The films’ moisture content was calculated using
Equation 2.

Moisture content (%) =

0 x 100 2]

i

where w; — initial weight of the films, w; — weight of the dried film.

Water vapor permeability (WVP) measurements were done in accordance with a modified
ASTM E96-80 method with 3 samples for each type of film (ASTM, 1989). The films were
sealed onto a glass cell with 6 cm diameter and 1 cm depth containing distilled water. The
cell was placed in an environmental chamber with 50% relative humidity at 30°C and it was
measured every hour over a 24 hour period. Both temperature and relative humidity were
also measured every hour. The degree of swelling (DS) and water solubility (WS) of the films
were determined by soaking a previously weighted film in distilled water for 1 hour. The
weight of the wet film was determined by removing the excess water from the film using
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filtered paper and measuring the weight immediately. The films were then dried for 24 hours
at 100°C until constant temperature was reached. Equations 3 and 4 were used for
calculation of DS (%) and WS (%), respectively.

%DS = =<2 x 100 [3]
0
%SW = ==L 100 [4]

0

where w, is the weight of the films at absorbing equilibrium, w, is the initial dry weight of the
films and ws is the dry weight of the films after the drying process.

Optical properties of the films were determined using UV-VIS spectroscopy. Three samples
with dimensions of 2x1 cm were used to determine absorbance at 600 nm and transmission
from 200-800 nm. The transparency of the films was calculated using Equation 5 (Rodrigues
et al., 2014):

%T = 260 5]

where 4 is thickness of the film (mm), Aeq is the absorbance measured at 600 nm.

Films were cut into five samples with dimensions of 2x2 cm to determine the breaking
strength and deformation. The penetration was performed with a probe with 2mm diameter
and 1 mm/s test speed, using texture analyser (MicroStable systems). Tensile test was
performed on five samples from each formulation with dimensions of 7x2 cm and average
thickness of 0.66 mm for control samples and 0.105 mm for anthocyanin incorporated
samples to determine the Young’s modulus, elasticity and tensile strength of the films. The
sample is gripped at either end and stretched until it breaks using tensile grips and test
speed of 2 mm/s, according to ASTM D638 test method (ATSM D638, 2014).

RESULTS AND DISCUSSION

The color change of the obtained extract is shown in Figure 1.

pH2 pH3 pH4 pH5 pH6 pH7 pHS8 pHg pH1o pH1ut pHi2

Figure 1. Color change of the anthocyanin extract under different pH

The color change of the anthocyanins-rich films according to the pH is shown in Figure 2.
The noticeable color change highlights the potential of these films as intelligent food
packaging systems, because the spoilage of food products such as meat, fish, etc. can be
detected by the color change of the films.
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Figure 2. Color changes of the St-Gel-E films under different pH (2-12)

The physical properties, such as moisture content (MC), degree of swelling (DS), water
solubility (WS), thickness (d) and water vapor permeability (WVP) of the control and

anthocyanin — incorporated films are shown in Table 1.

Table 1. Physical properties of St-Gel-C and St-Gel-E films

. . Biopolymer films
Physical properties ST-GEL.C ST-GEL-E
MC (%) 6.22 + 2.86 9.32+3.33
DS (%) - -
WS (%) - -
d (mm) 0.066 + 0.03 0.105 + 0.06
WVP(10-11 mol-m/m*-s-Pa) 1.57 £ 0.88 3.23+0.72

The ST-GEL-E film has a higher moisture content compared to the ST-GEL-C film, due to the
hydrophilic nature of the anthocyanins, which retain more moisture within the film. The
determination of DS and WS wasn'’t possible as both control and anthocyanin — incorporated
films dissolved in the water after 1 hour of immersion. Having this into consideration, the
anthocyanin-incorporated films can be used for packaging of solid foods, such as meat, fish
etc. As meat or fish begins to spoil, various volatile compounds are released, such as
ammonia, hydrogen sulfide, and other amines. These compounds, driven by vapor pressure,
come into contact with the packaging film which reacts to the volatile compounds and
changes color, indicating that the food has spoiled.

The ST-GEL-E film has a higher WVP, meaning it is more permeable to water vapor
compared to the ST-GEL-C film. The increased permeability could be due to the structural
changes or the hygroscopic nature of the anthocyanins. The addition of anthocyanin extract
also alters the thickness of the film, making the ST-GEL-E thicker compared to the control
films.

ST-GEL-E films showed higher transparency (2.98%) compared to ST-GEL-C films (1.75%).
Furthermore, the comparison between films’ transmission is shown in Figure 3. The addition
of anthocyanins in ST-GEL-E decreases the transmission by absorbing more light. This
results in the ST-GEL-E film having lower light transmission compared to the control film.
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Figure 3. Transmission of the films
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The mechanical properties, such as tensile strength, elasticity, deformation, breaking

strength and Young’s modulus are shown in Table 2.

Table 2. Mechanical properties of St-Gel-C and St-Gel-E films

Mechanical properties

Biopolymer films

ST-GEL-C ST-GEL-E
Deformation (%) 0.816 +1.623 2.222 + 3.453
Tensile strength (kPa) 5.177 + 13.897 17.576 + 18.802
Elasticity (%) 2.444 + 3.833 5.750 + 2.833
Breaking strength (MPa) 0.843+0.772 3.159 + 5.867

Young’s modulus (kPa)

266.735 + 409.378

335.576 + 528.733

The higher breaking strength in the ST-GEL-E film suggests that the anthocyanins contribute
to a stronger and more resilient film structure. However, the addition of the anthocyanins
results in a higher Young modulus, which shows that St-Gel-E is less flexible and prone to
deformations. The higher tensile strength in the anthocyanin — incorporated film suggests
that ST-GEL-E is stronger and more resistant to breaking under tension. Despite having a
higher Young's modulus, the ST-GEL-E film shows higher deformation percentage, meaning
it can stretch more before breaking. This might indicate that even though ST-GEL-E film is
stiffer, it can still undergo more stretching before breaking, possibly due to a combination of
factors provided by the presence of the anthocyanins. The elasticity in ST-GEL-E film is
higher, which shows that this film can recover its shape better than ST-GEL-C.

CONCLUSIONS

This research presents the potential of anthocyanin incorporated films to be used as
intelligent packaging systems. Because the films are made with biodegradable materials,
they can replace the traditional plastic packaging while also reducing plastic waste. In
addition, the anthocyanin extract is obtained from purple cabbage, which makes this
packaging safer and more environmentally friendly. The purple cabbage extract is a food-
grade material, meaning it is safe for use in applications that come into direct contact with
food. This is particularly important in packaging, where safety is a top priority. Using this
packaging helps consumers become more conscious of food safety and sustainability in
addition to its practical uses. Customers are more likely to support eco-friendly packaging
when these films are included into common food products, such as meat, fish etc.

ST-GEL-E films showed increased tensile strength and thickness, which meet the practical
requirements for food packaging. Furthermore, ST-GEL-E films showed altered optical
properties, such as changes in transparency, absorbance, and transmission spectra, all of
which are essential for their role as visual indicators of food spoilage. The observed pH-
sensitive color changes further confirm the potential of these films to be used as effective
spoilage indicators, providing real-time information about food quality.
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ABSTRACT

The "Duga bela" pepper, a traditional Serbian cultivar, is highly valued for its unique flavor and cultural
significance, but faces challenges in maintaining quality during postharvest storage. This study
investigates the efficacy of hot water dipping (HWD) as a postharvest treatment to enhance the shelf
life and preserve the quality of "Duga bela" peppers. Fuits were subjected to three different storage
conditions: recommended storage at 10 °C, cold storage at 4 °C, and HWD at 55 °C for 1 minute
followed by cold storage at 4 °C. The combination of HWD and 4 °C storage, significantly reduced
chilling injury and decay, maintained better color intensity (ASTA units), and preserved quinic and
succinic acid content compared to the other treatments. Notably, HWD-treated peppers displayed the
best overall quality and marketability after 21 days of storage and 3 days at shelf life. The findings
underscored the potential of HWD as an effective postharvest treatment for traditional pepper
cultivars, supporting both quality preservation and the extension of marketability. This approach may
offer a practical solution for the postharvest management of culturally significant agricultural products.
Keywords: Capsicum annuum, quality, postharvest treatments, shelf life

INTRODUCTION

Peppers (Capsicum annuum L.) are a crucial ingredient of Balkan culinary heritage, prized
for their nutritional value, flavor, and cultural significance. Fresh peppers are particularly
susceptible to postharvest losses due to water loss, chilling injury, and fungal diseases (lli¢ et
al., 2013). Traditional cultivars, often characterized by unique flavor profiles and cultural
importance, face additional challenges in meeting modern market demands for uniformity
and extended shelf life (Ili¢ et al., 2013). These local populations and traditional cultivars,
grown in yards and small local gardens are highly heterogeneous, differing in shape, size,
aroma, and heat intensity. The "Duga bela" pepper, a distinctive Serbian cultivar, is
renowned for its aromatic flavor and versatility in traditional cuisine. However, this pepper
suffers from postharvest quality deterioration when subjected to standard storage conditions.
Rapid cooling of peppers and maintaining them at optimal storage conditions of 7-10 °C and
95-98 % humidity can effectively preserve their quality (Kader, 2002). However, in small-
scale productions of traditional varieties, optimal conditions are not always accessible. Hot
water dipping (HWD) has emerged as a promising postharvest treatment for enhancing
pepper shelf life (Fallik & 1li¢, 2017). By reducing chilling injury and microbial growth, HWD
can potentially preserve the quality attributes of traditional cultivars like "Duga bela" pepper
(Fallik & lli¢, 2017).

This study investigated the efficacy of HWD in maintaining the quality of "Duga bela" peppers
during storage. By comparing recommended storage condition (at 10 °C) and storage at low
temperature (at 4 °C) with and without HWD, we aimed to optimize postharvest management
practices for this valuable traditional crop.
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MATERIAL AND METHODS

Plant Material and Cultivation

Traditional "Duga bela" pepper plants were cultivated in the Aleksinac region (South Serbia)
using standard agricultural practices. Seedlings were prepared in a greenhouse and
transplanted to the field on June 8, 2023. Crop management included irrigation, fertilization,
pest control, and disease prevention. Morphologically, the “Duga Bela” variety was
characterized by a plant height ranging from 50 to 60 cm and the production of 8 to 12 fruits
per plant. The fruits weighed between 140 and 160 grams, with an average length of 20.7 cm
and a width of 5.5 cm. The fruits were harvested at the stage of physiological maturity.

Experimental Design

Harvested peppers were randomly assigned to three experimental groups: a) fruits stored at
recommended temperature (10 £ 2 °C); b) cold storage at 4 °C; and c) hot water dipping
(HWD) at 55 °C for 1 minute, and stored at 4 °C. Approximately 25 kg of peppers per group
were placed in wooden crates and stored for 21 days in a pilot facility for fruit and vegetable
storage. Subsequently, samples were transferred to shelf life conditions (24 + 2 °C) for an
additional 3 days.

Fruit Loss

Fruit loss was assessed two times a week by measuring weight loss (g) for each treatment
after the harvest, cold storage and shelf life using a technical balance (Kern 572-35, Kern &
Sohn, GmbH, Balingen, Germany). Additionally, peppers were visually inspected for
damage, using a 5-point scale (5-excellent; 3-good; 1-poor; with score below 3 considered
unmarketable) to rate the fruit overall appearance after 21 days. Damaged fruits were
removed every 7 days.

Respiration Rate

Approximately 550 g of peppers (4-5 fruits) were placed in a 700 mL container and sealed
with multilayer foil at 24 + 2 °C. CO, concentration was measured using an OXYBABY 6.0
(WIT-Gasetechnik GmbH & Co KG, Witten, Germany) after the harvest, postharvest
treatment, and shelf life. CO, production (UL g™t h™) was calculated by comparing CO, levels
before sealing and after 4 hours, factoring in the fruit weight, volume, container volume, and
the exact time from sealing to sampling.

Analysis of fruit anatomy

After the harvest, the segments 2.5 x 2 cm were cut from the middle part of each fruit and
fixed in 50% ethanol. Cross-sections were made using a Reichert sliding microtome. The
temporary slides were stained with a general reagent according to Tucakov (Kundakovi¢ et
al., 2017). The sections for permanent slides were stained with safranin (1%, w/v, in 50%
ethanol) and alcian blue (1%, w/v, aqueous). All permanent slides were mounted in Canada
balsam after dehydration (Lakusi¢ et al., 2010). Anatomical sections of fruits were analyzed
on the light microscope (LM) Olympus BX41 with camera Olympus SC30 (Olympus Europa
SE & Co. KG, Hamburg, Germany).

Color

Fruit skin color was determined using a chroma meter in CIELAB space using Konica-Minolta
CR-400 Chroma Meter (Osaka, Japan). Measurements were taken at two points on each of
10 fruits after harvest, cold storage, and shelf life.

Chemical Analysis

For chemical analysis, quarters from 10 peppers (excluding seeds, calyx, and pedicel) were
homogenized, transferred to Ziplock bags, and immediately frozen on dry ice for storage until
analysis. Extractable color was determined after the harvest, according to a modified method
by lli¢ et al. (2017) and expressed as ASTA units. Quinic and succinic acids were quantified
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using HPLC (Agilent 1200 series, Santa Clara, CA, USA) following extraction protocol by
Milenkovi¢ et al. (2020). The separation of target acids was performed on a NUCLEOGEL
SUGAR 810 H column (Macherey-Nagel, Dueren, Germany) and detection was carried out
using a diode array detector.

Statistical Analysis

Differences between means were determined by using factorial ANOVA, while on selected
leaf parameters principal component analysis (PCA) was performed. For both analyses
TIBCO Software Inc. (2020) Data Science Workbench, version 14. (http://tibco.com) was
used.

RESULTS AND DISCUSSION

Losses

Weight loss increased over time for all treatments, with storage at 10 °C consistently
resulting in the greatest loss (Table 1). After 21 day chilling injury notably increased at 4 °C
(6%) and was also observed at 4 °C + HWD (1%). No chilling injury was observed at 10 °C.
Chilling injury became more pronounced over time at 4 °C, especially without HWD
treatment. Decay was a prominent issue after 21 days, especially at 10 °C, while HWD
treatment at 4 °C effectively helped minimize the decay. Fruits stored at 4 °C + HWD
consistently had the best appearance, suggesting this combination effectively preserves
marketability, while 10 °C storage resulted in shriveled and less marketable fruits (Table 1).
According to Lim et al. (2007), a temperature drop below 7°C, caused chilling injury within a
few days, accompanied by significant fruit damage, including pitting, weight loss, and the
development of decay.

Table 1. Losses during storage of "Duga bela" pepper fruit on 14" and 21% day

Treatment
10°C | 4°C | 4°C + HWD

14 days
Weight loss (%) 8.4 4.33 4.19
Chilling injury (%) - 1.5 -
Decay Incidence (%)** 0.9 - -

21 days
Weight loss (%) 10.6 9.4 9.28
Chilling injury (%) - 6.0 1.0
Decay Incidence (%)** 17.2 6.5 2.1
Overall appearance*** 1.9* 3.1 33

* All fruit were shrivelled
(**) Decay — Percentage of decayed fruit from total number of fruits.
(***) General appearance: 5-excellent; 3-good, 1-poor (<3 unmarketable fruits)

Respiration

The respiration rates of fresh pepper fruits during the first couple of days (0-5) were relatively
stable and moderate (Figure 1A). However, after 21 days of cold storage, an increase was
recorded in all treatments, with the highest increase in respiration observed in the 4 °C
(Figure 1B). This suggested a higher metabolic activity due to possible stress from low
temperatures (Brizzolara et al., 2020). Contrary to fruits stored at low temperatures,
respiration rate of fruits stored at 10 °C was at similar level as in fruit after 5 days harvest.
Our findings align with previous research by Hameed et al. (2015), which observed the
highest respiration rates in chili peppers stored at 0 °C and subjected to shelf life conditions.
Furthermore, Falik et al. (1999) identified a difference in respiration rates between untreated
and HWD-treated pepper fruits.
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Figure 1. Respiration rate of "Duga bela" pepper fruit during a period of 5 days in: fresh fruits (A), fruits
after cold storage (B)

Histological analysis of pericarp

The most important functions of the fruit cuticle are to reduce water loss, regulate gas
transport, and protect against pathogens (Lara et al., 2014; Marinov et al., 2023). Konishi et
al. (2022) showed a positive correlation between the postharvest quality of pepper fruits and
the thickness of the cuticle. The histological analysis of fruit cross-sections showed that
"Duga bela" has a thin cuticle (Figure 2A). This result was in accordance with the results of
weight loss, which increased with time under all conditions (Table 1). The thicker pericarp
and higher skin wax content in "Selika" fruit contributed to its water retention and firmness
during storage (lli¢ et al., 2014). Cutin and waxes, detected in the cuticle of "Duga bela" by
staining with a general Tucakov reagent, ensure the structural integrity of the cuticle (Figure
2B). It can be argued that the treatment with hot water melted the wax layer and sealed the
cracks in the epidermis. In this way, the surface of the fruit is strengthened and better
tolerates storage at low temperatures (Kantakhoo & Imahori, 2021).
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Figure 2. Fruit cross-sections through the pericarp of "Duga bela" pepper fruit
Permanent slide for LM, 10x (A); Temporary slide for LM, 20x (B), ¢ — cuticle, e — epidermis, col —
collenchyma, par — parenchyma, chr — chromoplasts.

Color

During storage and shelf life, the color of "Duga bela" peppers underwent noticeable
changes across all treatments (Table 2). Lightness (L*) consistently increased from initial
values of 38.7 - 41.7 to a maximum of 43.6 under 4 °C + HWD, indicating a brighter
appearance post-storage. Redness (a*) also raised, particularly at 10 °C, though it was
stabilized or slightly decreased after extended storage. Also, yellowness (b*) generally
decreased during storage and shelf life, especially in peppers stored at 10 °C, with an
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exception of fruits stored at 4 °C. Among the treatments, 4 °C + HWD was the most effective
at maintaining overall color quality, with balanced lightness, redness, and yellowness,
suggesting its suitability for preserving the visual appeal of peppers during storage. These
results can be compared to reports by Majomot et al. (2019), where HWD did not affect the
fruit color of "Sweet Cayenne,"” and Abdullah (2019) where the pepper hybrid "7802 F1"
exhibited significant color variations, indicating that the cultivar plays a crucial role in HWD-
related color stability.

Table 2. Changes of L*, a* and b* during cold storage and shelf life of "Duga bela" pepper fruit

L* a* b*
days/temp. | 10°C  4°C 4°C+HWD | 10°C 4°C 4°C+HWD | 10°C 4°C 4°C+HWD
0 38.7 41.3 41.7 31.1 24.0 26.1 26.2 22.7 23.5
21 409 414 42.1 33.2 29.8 27.4 21.4 215 22.1
21+3 42.4 42.6 43.6 28.4 28.8 26.3 21.1 23.3 22.6

Chemical composition

Initial color intensity evaluated in ASTA units increased from 18.4 to 21.2 at 10 °C after 21
days, and then rose to 28.2 after 3 additional days. On the contrary, the storage at 4 °C
caused a significant decrease to 12.5 units, with partial recovery to 19.6 after 3 days of shelf
life. The HWT+4 °C treatment led to a slight initial decrease to 15.7 units, stabilizing at 16.2
units. Overall, 10 °C storage best preserved and increased ASTA units, while 4 °C initially
reduced color intensity, with HWT+4 °C maintaining moderate color intensity throughout the
experiment. These findings might be interesting since the study by Ko et al. (2022) revealed
a strong correlation between ASTA and total carotenoid content (r = 0.965), as well as
correlation with antheraxanthin (r = 0.964), capsanthin (r = 0.946), and capsorubin (r = 0.858)
in 226 different varieties of pepper.

The level of quinic acid increased across all storage conditions, starting from an initial 13.9
mg/100 g and reaching 16.5 mg/100 g at 10 °C, 17.8 mg/100 g at 4 °C, and 16.8 mg/100 g
under HWT+4 °C after 21 days. After 3 days of shelf life, the levels slightly decreased in all
treatments except for HWT + 4 °C, suggesting the letter as the most effective treatments in
enhancing and preserving the contents of quinic acid over time.

The initial level of succinic acid was at 43.7 mg/100 g, which decreased significantly at 10 °C
to 18.5 mg/100 g after 21 days, followed by a recovery to 27.8 mg/100 g after 21+3 days. At
4 °C induced a dropped of this organic acid to 29.3 mg/100 g, and after 3 days of shelf life to
27.6 mg/100 g. The treatment with hot water (HWT+4 °C) led to a continuous decrease,
dropping to 25.0 mg/100 g after 21 days, and eventually falling to 23.2 mg/100 g after an
additional 3 days. The treatments at 4 °C and 10 °C had the similar and at the same time the
highest succinic acid levels after 21+3 period of storage, while the combined treatment
showed the opposite effect.

Table 3. Changes of ASTA, quinic and succinic acid during cold storage and shelf life of "Duga bela"
pepper fruit

days ASTA UNITS QUINIC (mg/100 g) SUCCINIC (mg/100 g)
0 18.4 13.9 43.7
10°C  4°C  HWT+4°C | 10°C  4°C  HWT+4°C | 10°C 4°C HWT+4 °C
21 | 21.2 12.5 15.7 16.5 17.8 16.8 185  29.3 25.0
21+3 | 28.2 19.6 16.2 15.6 16.1 20.0 278 276 23.2
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CONCLUSIONS

The study examined the efficacy of hot water dipping (HWD) as a postharvest treatment for
preserving the quality and storability of the traditional Serbian "Duga bela" pepper. The
results suggested that HWD, when combined with storage at 4 °C, effectively minimizes
postharvest losses, reduces chilling injury, and maintains the appearance the peppers. HWD
treatment led to better retention of color intensity (ASTA units) and quinic acid content.
Compared to storage at 10 °C and 4 °C without HWD, the combined treatment consistently
resulted in peppers with superior overall quality, highlighting its potential as a valuable tool
for extending the shelf life and marketability of traditional cultivars like "Duga bela". This
approach not only helps preserve the nutritional and sensory qualities of the peppers but also
supports the conservation of culturally significant agricultural heritage.
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ABSTRACT

Overconsumption of sugars in diets is linked to various health issues, including dental diseases,
diabetes, and obesity. Despite this, eliminating sugar from products like chocolate remains a
challenge for manufacturers. The objective of this research was to examine the impact of inulin on the
sensory characteristics of milk chocolate. Two types of milk chocolate with partial (50 % sugar and 50
% inulin — 50S-501) and total (100 % inulin — 100I) substitution of sugar with inulin were compared to
its conventional counterpart (100 % sugar — 100S), all produced on the laboratory. Chocolate
products were subjected to a consumer test using a 10 cm VAS (Visual Analogue Scale) structured
scale for overall acceptability, while the intensity of different sensory attributes were examined on 5-
point JAR "just about right" scale. The survey involved 72 healthy random participants, who
recognized the terminology “alternative sweeteners”, but only half of them were aware about their
health benefits. When buying the product 80.56% of judges will choose the product according to the
taste, texture and appearance and much less will select a product beneficial to health. Newly
developed chocolates containing reduced amount or no sugar at all were well accepted in the
consumers test with no significant difference compared to the chocolate produced by the ordinary
formulation. The intensities of butter and cocoa flavors were less pronounced in inulin containing
chocolates and the sweetness was described as not enough. On the other hand, acidity, gloss on the
surface, snap and melting behavior in the mouth were perceived in “just about right” range by highest
percentage of consumers than the control sample.

Keywords: chocolate, functional product, inulin, sensory acceptance, JAR test

INTRODUCTION

Chocolate is a complex confectionary product consisting of a fat-based suspension that
incorporates sugar particles and various non-fat cocoa solids. Sucrose, which typically
comprises 40-50% of chocolate's composition, has multiple crucial functions: it provides
sweetness, enhances the cocoa flavor, acts as a natural preservative, and serves as a
bulking agent (Aidoo et al. 2013). However, the global rise in sucrose consumption has led
to increased concern about associated health issues, particularly obesity and diabetes. This
growing health awareness drove extensive research into developing 'sucrose-free' chocolate
alternatives (Kiumarsi et al. 2021). A food product can be labeled as "light" if it provides
fewer than 40 calories per serving, or as "sugar-free" if it contains less than 0.5 grams of
sugars per serving (Food Label Claims and Guidelines: Provided by MyFoodDiary.com;
2024). Nevertheless, removing sugar from products such as chocolate is still a challenge for
manufacturers, which have the opportunity to use nutritive and non-nutritive sweeteners.
Nutritive sweeteners are ingredients that replace both the physical bulk and sweetness of
sugar. These products, often referred to as “sugar replacers” or “bulk sweeteners,” whereas
non-nutritive sweeteners are substances with an intense sweet taste used in small quantities
to replace the sweetness of a much larger amount of sugar or sucrose (Aidoo et al. 2013).

Inulin represents a linear carbohydrate composed of fructose units linked by -2,1-glycosidic
bonds, with or without a terminal glucose residue with a high degree of polymerization and
consequently a higher molecular weight. Due to the absence of hydrolyzing enzymes in the
human upper gastrointestinal tract, these compounds are non-digestible (Mao et al. 2019).
However, they are hydrolyzed and extensively fermented by the microbiome in the large

152


mailto:mishela@tmf.ukim.edu.mk

intestine into short-chain fatty acids such as butyrate, propionate, and acetate.
Consequently, their caloric value is estimated to be 25-35% of that of fully digested fructose
(Temkov et al. 2020). Inulin is commonly used as an additive in functional foods, often as a
substitute for lipids and a supplement for sugar. It is also utilized in products with increased
dietary fiber content, such as bread, providing a bifidogenic effect (Farzanmehr and Abbasi
2009). The main challenge for the food industry is to meet consumers' high expectations, as
they demand foods that taste great, are reduced in fat and/or calories, and offer added
health benefits. Additionally, these foods must be convenient and affordable. In chocolate
formulation, inulin is commonly used for its nutritional benefits, such as lowering calorie
content, reducing the glycemic index, and providing a source of prebiotic fiber, as well as for
its functional advantages, like enhancing texture and mouthfeel.

In this study, sugar in the control sample was either completely (100%) or partially (50%)
replaced with inulin on a 1:1 basis, despite the lower sweetening power of inulin compared to
sugar. The primary objective was to evaluate both the sensory intensity and consumer
acceptance of various attributes using hedonic and Just-About-Right (JAR) scales. These
sensory methods provide indicator perceptions that are valuable for product reformulation,
particularly when balancing taste with nutritional improvements. The ultimate aim of this
research is to offer practical guidance for manufacturers who seek to improve the nutritional
profile of their chocolate products or develop alternatives tailored to consumers with specific
dietary restrictions.

MATERIAL AND METHODS

Materials

For the production of milk chocolate, ingredients such as cocoa mass, cocoa butter, lecithin,
and milk powder (all obtained from Moringa Healthy Food in Skopje), along with inulin
Frutafit OFP (Sensus, Roosendaal, The Netherlands), were used. The sugar was sourced
from a local store in North Macedonia.

Milk Chocolate Production

To prepare 100 g of milk chocolate, 28 g of cocoa mass was first melted in a water bath at
60°C. Then, 30 g of powdered sugar (or a mix of 15 g sugar and 15 g inulin for partial sugar
substitution, or 30 g of inulin for total sugar substitution, based on the formulation) and 12 g
of milk powder were added to the melted cocoa mass. The mixture was then conched using
a rotor glass agitator (designed in our lab, with a blade diameter of 30 mm) at 30 rpm for 1.5
hours. At the start of the conching process, one-third of the total 18 g of cocoa butter was
added, followed by the second third after 15 minutes. The remaining 6 g of cocoa butter,
along with 0.6 g of lecithin, were added after 1 hour, and conching continued for an
additional 30 minutes.The milk chocolate was then tempered in a water bath by cooling it to
29°C over 20-25 minutes, holding it for 10 minutes, and then heating it to 32°C for 5
minutes. The chocolate was poured into polycarbonate molds (150 x 40 x 20 mm), and the
molded chocolate was cooled overnight in the refrigerator at 7°C. The following day, the
chocolate bars (7 x 20 x 12 mm) were unmolded, wrapped in aluminum foil, and stored in the
refrigerator before analysis. The formulation containing 100% sugar was used as the
reference sample.

Ethics and Evaluation Conditions

The sensory tests were conducted in the food laboratory at Faculty of Technology and
Metallurgy, Ss. Cyril and Methodius University in Skopje, North Macedonia in accordance
with the Declaration of Helsinki (Adopted by the 18 WMA General Assembly, Helsinki,
Finland, June 1964 and amended by the 64 WMA General Assembly, Fortaleza, Brazil,
October 2013). Assessors provided written consent after reviewing detailed information
about the study. All relevant institutional and governmental regulations regarding the ethical
use of human volunteers were followed and approved by the Faculty Committee of the
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Faculty of Technology and Metallurgy (Ss. Cyril and Methodius University in Skopje,
Republic of North Macedonia, 09-1273/1).

Study design

Product survey

The research data were gathered using a structured questionnaire comprising a total of
seven multiple-choice questions organized into several sections: sociodemographics (three
guestions), chocolate consumption habits (one question), knowledge of alternative
sweeteners (two questions), and purchase intention (one question). The sociodemographic
section included inquiries about age, gender, education, and employment status, while the
chocolate consumption habits section focused solely on frequency of consumption. Data
related to nutrition and health examined participants' understanding of alternative
sweeteners, including terminology and associated health benefits, while the consumer
purchase behavior section aimed to identify their purchase intentions.

Sensory Analysis

Hedonic Test

Seventy-two participants were asked to evaluate their liking of three chocolates: chocolate
with 100% sugar (100S), chocolate with a 50/50 mix of sugar and inulin (50S-50I), and
chocolate with 100% inulin (100l). The hedonic appreciation was assessed using visual
analog scales (VAS) consisting of a 10 cm structured scale with 'dislike extremely' on the left
anchor and 'like extremely' on the right anchor. It combines the simplicity of the traditional
VAS that allows great sensitivity with structured anchors to guide the respondents and to
give consistency in responsess. Participants, after being instructed on how to use the scale,
indicated their preference by marking a point on the scale. The distance from the far-left
extreme to the mark was measured and converted into numerical scores.The demographic
composition of the participants was 69% female and 31% male. The majority of participants
were aged 18 to 25 years (63.89%), with 6.94% aged 26 to 35 years, 12.50% aged 36 to 45
years, 11.11% aged 46 to 55 years, and 5.56% over the age of 55.

Just About Right (JAR) Test

For each cholocolate seven attributes were evaluated: butter and cocoa flavor, gloss,
sweetness, acidity, snap and melting behavoir in the mouth. A 5-point JAR scale was used
to indicate whether a particular attribute was perceived at an acceptable or non-acceptable
level. Participants determined the intensity of each attribute, indicating whether it fell on the
extreme ends ("much too low," “not enough” or “too much” and "much too much") or in the
middle of the scale ("just about right").

Statistical Analysis

Mean liking scores, standard deviation and significances (a = 0.05) were calculated for each
formulation. A two-way analysis of variance (ANOVA) was performed for the hedonic
evaluation (formulation, panelists). When significant overall difference at a confidence level
of 0.05 was found, a post-hoc (Least Significant Difference) test was employed to conduct
pairwise comparisons between groups. Penalty analysis was applied to the JAR results
using XLStat 2022.3.1 (Addinsoft, Paris, France).

154



RESULTS AND DISCUSSION
SENSORY ANALYSIS

Product survey and Hedonic test

Twenty-five percent of the panelists consumed chocolate daily, 27.78% ate chocolate 2 to 3
times per week and 33.33 % only once per week. Only small proportion (4.17%) consumed
chocolate 2 to 3 times per month, while 9.72% preferred the pleasure of eating chocolate
only once a month. A significant proportion (73.61%) were acquainted with the terminology
alternative sweeteners, but only 47.22 % had any knowledge about their health benefits.
Price of the product will be detrimental 36.11%, 45.83 % will choose the product according to
the producer, 38.89% decide to buy the chocolate according to the packaging, the taste,
texture and appearance are important for 80.56% of judges, but only 25.00% are concerned
about health benefits of different compounds included in the formulation. The consumer
acceptability of chocolates with sucrose substituted partialy (50S-501) and totally (1001) with
inulin did not differ significantly (p=0.57, p=0.339, respectively) when compared to the
control sample where sucrose was used as sole sweetener (100S). The mean score was the
highest for the 100S sample (6.65+2.052), followed by the chocolate made with inulin as
sole sweetener 1001 (6.29+2.328), whereas 50S-501 scored a mark of 5.93+2.427,
eventhough all the samples belong to the same population due to the same level of
acceptance (Figure 1). Moreover, the results obtained in this research have shown that the
new product — a functional chocolate was accepted quite well among consumers. The
increased fiber content and 50% reduction in sugar are significant factors that make this
product recommendable for both the general healthy population and diabetics. Similar
results were obtained by (Golob, Micovi¢ et al. 2004). These findings have several
implications for product development. First, they suggest that future formulations should
prioritize high-sugar reduction while incorporating alternative sweeteners like inulin to
enhance consumer acceptance. Additionally, emphasizing the functional benefits of
increased fiber could appeal to health-conscious consumers and those managing diabetes.
Moreover, these insights could guide marketing strategies by highlighting the health benefits
and reduced sugar content, potentially attracting a broader audience.

Just about right test

The JAR test results are given in Figure 2 (A-G). The percentage of consumers responds for
the intensity (“much too low”, “JAR”, or “much too high”) for each attribute are given
separately to emphasize the comparison between chocolates with inulin (50% and 100%
addition) and the control sample. The results show distinct differences in butter and cocoa
flavor perception between chocolates with inulin and the control sample (100S). Butter flavor
was considered insufficient by 33.3% of respondents for 50S-50I (p= 0.037) and 31.9% for
100I, compared to only 13.9% for 100S. Similarly, 13.9% of respondents found the cocoa
flavor lacking in both inulin-containing chocolates, while only 4.2% felt the same for the
control (p=0.025). These findings highlight a reduced intensity of butter and cocoa flavors in
the inulin-sweetened chocolates compared to the control sample.
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Figure 1. Hedonic liking scores for three types of chocolate: with 100% sucrose (100S), with 50%
sucrose and 50% inulin (50S-501), and with 100% inulin (100I), compared to a control sample with
100% sucrose (100S). Data is presented for n=72 panelists

Sugar enriches the flavor profile of chocolate by amplifying the aroma of other flavors and
counteracting the bitterness commonly associated with cocoa. However, sucrose substitutes
often fail to replicate the physical properties that sugar contributes to chocolate processing
(Torrico, Sharma et al. 2021). The sweetness of the chocolate is an attribute that acquire
great deal of attention. When developing a new functional product that has reduced or no
content of sugar, the intention is to create a product that will not be dull in sweetness.
Approximately 60% of respondents rated the sweetness of the 100S sample as "just about
right", while 33% found it too sweet. A larger portion of the panel (65.3%) considered the
partially substituted sample (50S-501) to be in the JAR range for sweetness. In contrast, only
about half of the respondents (48.6%) rated the sugar-free chocolate as JAR in sweetness
(p=0.011), with 40.2% finding it not sweet enough. However, surface gloss and appearance
were rated as JAR by a higher percentage of respondents for the inulin-containing
chocolates (70.1% for 50S-501 and 62.5% for 100l) compared to 55.6% for the standard
100S chocolate.

In addition, the perception of optimal acidity improved as the percentage of panelists
increased from 25% for 100S to 30.1% for 50S-501 and 40.2% for 100l. High-quality
chocolate breaks with a clean edge and produces an audible cracking sound called a snap.
The chocolate with 100 % inulin had the JAR snap according to the 55.6 % of the
respondents, compared to 48.6% for the standard 100S chocolate.

Mouthfeel in chocolate refers to the sensory experience of texture sensations perceived in
the mouth as the chocolate melts and mixes with saliva. It characterizes the manner in which
the chocolate breaks, melts, and coats the palate, all of which contribute to the overall
pleasure and satisfaction of eating chocolate. Chocolates that exhibit high viscosity often
have a thick, pasty mouthfeel that persists in the mouth (Afoakwa, Paterson et al. 2007). The
viscosity of chocolate is affected by various factors, including its composition, processing
methods, and the distribution of particle sizes. The melting behavior for the produced
chocolates was JAR for the majority of the panelists, ranging from 61.1% for 100l to 72.2%
for 50S-501 indicating that the high DP inulin that was used contributed to the creaminess
and smoothness of the chocolate.
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Figure 2. Just-about-right (JAR) scale percentages of responses in three levels (“Much too low”, “Just
about right”, “Much too much”) of A) butter odour; B) cocoa odour; C) gloss; D) sweetness; E) acidity
snap; F) mouthfeel (n=72)

CONCLUSIONS

The study explored the production and sensory evaluation of milk chocolate with varying
sugar and inulin content. For the purposes of the research three types of chocolate were
produced: ordinary chocolate no sugar substitution (100S) and chocolates with partial (50S-
50I) and full (100I) sugar substitution. Sensory analysis, including consumer preference and
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attribute intensity (JAR test), revealed that overall acceptability of chocolates with partial
(50S-501) and total (100I) sugar substitution did not significantly differ from the control
(2100S). While the control sample received the highest overall liking scores, followed by the
100% inulin chocolate, the 50/50 sugar-inulin mix had the lowest score. Despite these
variations, the functional chocolate with increased fiber and reduced sugar was generally
well accepted, making it a promising option for health-conscious consumers and diabetics.
The JAR test revealed sensory differences: the control chocolate (100S) was preferred for its
butter and cocoa flavors, whereas the inulin-sweetened chocolates had distinct sweetness
and acidity profiles. Notably, the 100% inulin chocolate (100l) excelled in texture, with a
majority of panelists praising its optimal snap and creamy melting behavior in the mouth.
Overall, the study highlights that while traditional milk chocolate remains popular, chocolate
formulations incorporating inulin can be well-received particularly due to their nutritional
benefits, despite some sensory differences compared to standard products.
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This study aimed to assess the influence of dietary inclusion of flaxseed, camelina seed, and
hempseed in hens' diets on the sensory attributes of both fresh and cooked eggs. Two hundred and
forty Lohmann Brown laying hens were divided into eight groups (two control groups, K1 and K2, and
six experimental groups, L1, L2, C1, C2, H1, and H2) and fed for four weeks. The control groups were
fed a corn-soybean meal based diet, while the experimental groups received co-extrudates: flax-corn
meal (13.5% - L1, 22.5% - L2), camelina-corn meal (16.6% - C1, 27.6% - C2), and hemp-corn meal
(18.4% - H1, 30.7% - H2). K1 contained up to 3% fat without pigments, while K2 contained up to 5%
fat and synthetic pigments. All experimental groups included natural pigments (1% carrot and 0.5%
paprika). In the sensory evaluation [Roche Yolk Color Fan (RYCF), acceptability, homogeneity and
color (hue)] of fresh egg yolks, experimental groups (L1, L2, C1, C2, H1, H2) with 1% carrot and 0.5%
paprika had similar (p>0.05) RYCF values, ranging from 12.20 to 12.80. Control group K1 (without
synthetic pigments) had the lowest RYCF value (8.00), while K2 (with synthetic pigments) had the
highest RYCF value (14.20), both significantly different from the experimental groups (p<0.05). Color
acceptability and yolk color hue were similar across the experimental groups but significantly lower
(p<0.05) in the control groups (K1 and K2). In the sensory evaluation (smell, taste, acceptability,
homogeneity, and hue) of cooked eggs, control groups K1 and K2 also had lower color acceptability
and yolk color hue compared to the experimental groups. The addition of co-extrudates did not affect
yolk color, smell, or taste, except for flaxseed co-extrudates (L1 and L2), which negatively impacted
yolk taste (p<0.05).

Keywords: sensory quality, egg yolk, natural pigments, flaxseed, camelina seed, hemp seed

INTRODUCTION

The sensory evaluation of egg yolks is based on their color, smell, and taste. The color of the
yolk is very important when it comes to consumer acceptance. It is even considered that this
characteristic of the egg is the most significant in terms of consumer choice and evaluation
(Delgado-Vargas et al., 1998). Although it has not been proven that the color of the yolk
affects the taste of the egg or its nutritional content, the acceptability of the product and its
desirability strongly depend on its appearance, especially the color, which is perceived as
one of the priority criteria for egg quality. The preference for a certain shade of yolk color
varies depending on geographical areas and consumer habits (Nys and Guyot, 2011). This
characteristic is an extremely important quality factor in some countries, such as France, the
United Kingdom, and Germany, while in other countries, like Spain and lItaly, it is not
considered crucial (Hernandez, 2005). The taste and smell of eggs can be influenced by the
diet of laying hens through the addition of oilseeds rich in polyunsaturated fatty acids. Adding
a higher amount of oil rich in omega-3 fatty acids to the feed can negative effect on the eggs,
as they become more susceptible to oxidation, leading to changes in their taste and smell
(Surai et al., 2001). A negative impact on the sensory qualities of eggs (taste, smell, and
acceptability) has been observed even with the addition of 3% fish oil to the feed mixtures for
laying hens (Skrti¢ et al., 2006).

Eggs enriched with omega-3 fatty acids that have poor sensory ratings (such as a “fishy"
smell and taste) are not acceptable to processors or consumers (Kralik et al., 2014). Like fish
oil, flaxseed amounts greater than 10% negatively affect the sensory quality of eggs (Jiang et
al., 1992; Hayat et al., 2010; Coorey et al., 2015).

However, as noted by Goldberg et al. (2012), the addition of hemp seed (10% and 20%) and
hemp oil (4%, 8%, and 12%) does not affect the sensory properties of eggs. Additionally, the
addition of larger amounts of camelina does not impact the sensory properties of eggs
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(Rokka et al., 2002; Valkonen et al., 2007). These findings open up new possibilities for
balancing and combining different sources of oil that can be added to the feed of laying hens,
allowing for a significant increase in desirable omega-3 fatty acids in the eggs, while also
ensuring no negative impact on the organoleptic acceptability of the product.
Preventing the oxidation process in eggs rich in omega-3 fatty acids, and thus the
development of undesirable smell and taste, can be achieved by simultaneously introducing
vitamin E and carotenoids as antioxidants, which enhance the stability of polyunsaturated
fatty acids in the eggs (Surai and Sparks, 2001).

The main goal of the present study was to investigate the impact of incorporating co-
extrudates made from flaxseed, camelina seed, and hempseed, as well as natural pigments,
on the sensory quality of fresh and cooked eggs.

MATERIAL AND METHODS

This experiment included eight groups (two control groups and six experimental groups) of
240 Lohmann Brown laying hens. The control groups (K1 and K2) were provided with a diet
based on corn and soybean meal. The experimental groups were given co-extrudates of
different compositions: flaxseed-corn meal (13.5% for L1 and 22.5% for L2), camelina-corn
meal (16.6% for C1 and 27.6% for C2), and hemp-corn meal (18.4% for H1 and 30.7% for
H2). The K1 diet included up to 3% fat without pigments, while the K2 diet contained up to
5% fat with synthetic pigments. All experimental diets were supplemented with natural
pigments (1% carrot and 0.5% paprika), based on the previous experiment described in the
study by Spasevski et al. (2018), which achieved an optimal yolk color of 12.2 to 13.4 per
RYCF. Feed and water were available ad libitum. The composition of the diet used to feed
the laying hens is presented in Table 1.

Table 1. The composition of the control and experimental diets

Ingredients (%) K1 K2 L1 L2 C1 C2 H1 H2
Corn 57.60 55.40

Co-extruded 13.50 22.50

Co-extruded camelina

seed 16.60 27.60

Co-extruded 18.40 30.70
Soybean oil 1.30 3.00

Corn grits 46.70 | 40.30 45.80 38.80 42.50 33.50
Soybean cake 20.00 20.00 17.20 14.60 15.00 11.00 16.50 13.20
Sunflower cake- 33% 8.50 9.00 8.50 8.50 8.50 8.50 8.50 8.50
Feed yeast 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Monocalcium 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20
Natrium bicarbonate 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Commercial premix 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Calcium carbonate 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Nacl 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Paprika 0.5 0.5 0.5 0.5 0.5 0.5
Carrot 1.0 1.0 1.0 1.0 1.0 1.0
Synthetic pigment 0.055*

[9/kg]

*Control diet K2 contains: 0.04 g/kg carophyll red and 0.015 g/kg carophyll yellow

Sensory analysis

Sensory evaluation of fresh and boiled egg yolk was performed by a panel of 7 assessors
experienced in sensory analysis of egg (6 females and 1 male, 31-59 years old) recruited
from the Institute of Food Technology, according to SRPS EN I1SO 8586 (2015). The color of
fresh egg yolk was visually assessed using the Roche Yolk Color Fan (Hoffman-La Roche
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Ltd, Basel, Switzerland). The color was rated based on a scale of 15 sample shades, ranging
from 1 (light pale) to 15 (dark orange). Homogeneity, acceptability, color (hue), smell, and
taste were evaluated using a 5-point scale ranging from 1 (unacceptable) to 5 (acceptable)
for acceptability; from 1 (highly non-homogenous) to 5 (homogenous) for homogeneity; from
1 (highly noticeable differences) to 5 (optimal (orange)) for color (hue); from 1
(uncharacteristic, foreign smell) to 5 (optimally expressed, characteristic smell) for smell and
from 1 (unpleasant, foreign taste) to 5 (exceptionally pleasant, characteristic taste) for taste.
All characteristics were assessed visually under laboratory conditions that met the SRPS EN
ISO 8589 (2012) standard. Eggs were served on plastic plates marked with three-digit
numbers for the assessors.

Statistical analysis

The data obtained from the sensory analysis of fresh and cooked eggs was conducted using
IBM SPSS Statistics 25 (IBM, Chicago, IL, USA). To assess the differences between the
results, Tukey's multiple comparison test was used. Identical letters in rows or columns
indicate that there are no significant differences between the groups at a significance level of
a =0.05.

RESULTS AND DISCUSSION

The results of sensory evaluation of fresh egg yolk are shown in the Figure 1.

Acceptability

b
H2,

:| b
1 1

Figure 1. Sensory evaluation of fresh egg yolks from control and experimental groups after 30 days of
feeding. K1 - control group with 3% and synthetic pigment; K2 - control group with 5% and without
synthetic pigment; L1 - flax-corn meal (13.5%); L2 - flax-corn meal (22.5%); C1 - camelina-corn meal
(16.6%); C2 - camelina-corn meal (27.6%); H1 - hemp-corn meal (18.4%); H2 - hemp-corn meal
(30.7%). All experimental groups contain 1% carrot and 0.5% paprika.

Based on the results shown in Figure 1, the values of the sensory attributes for the
acceptability and hue of fresh yolks were statistically significantly different (p<0.05) between
the experimental and control groups, indicating that do not prefer light-colored yolks (K1,
below 10 on the RYCF) or very dark yolks (K2, above 14 on the RYCF). The most
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acceptable yolks were from the experimental groups, with values on the RYCF ranging from
12.50 to 13.39. The values for color uniformity did not differ statistically between the
experimental and control groups, indicating that natural pigments can be used as a substitute

for synthetic pigments in laying hens' diets.

C1 : I
Figure 2. Sensory evaluation of boiled egg from control and experimental groups after 30 days of
feeding. K1 - control group with 3% and synthetic pigment; K2 - control group with 5% and without
synthetic pigment; L1 - flax-corn meal (13.5%); L2 - flax-corn meal (22.5%); C1 - camelina-corn meal
(16.6%); C2 - camelina-corn meal (27.6%); H1 - hemp-corn meal (18.4%); H2 - hemp-corn meal
(30.7%). All experimental groups contain 1% carrot and 0.5% paprika.

Based on the results shown in Figure 2, the sensory attributes for acceptability and color
uniformity of boiled eggs did not differ statistically significantly (p>0.05) between
experimental and control groups, while a statistically significant difference was observed in
color hue among them (p<0.05), except for K2 compared to H1 and C2. This indicated that
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noticeable differences in the color of fresh yolks were not easily observed after boiling the
eggs. The only sensory issue that may arise when manipulating the diet of laying hens is the
development of a "fishy" taste and smell when a higher amount of polyunsaturated fatty
acids, particularly fish oil in larger percentages (Gonzalez-Esquerra and Leeson, 2000), or
plant oils such as flaxseed oil, is added to the feed.

According to the results shown in Figure 2, eggs from all groups had an egg-like smell,
meaning there were no statistically significant differences between groups. However, eggs
from L1 and L2 groups differed significantly (p<0.05) in taste compared to all other groups. In
these groups, the laying hens were fed with co-extrudates of flaxseed at amounts of 13.5%
and 22.5%, which aligns with literature suggesting that adding flaxseed in amounts greater
than 10% negatively affects the sensory properties of eggs (Jiang et al., 1992; Hayat et al.,
2010; Coorey et al., 2015).

In contrast to flaxseed, adding co-extrudates of camelina seed at amounts of 16.6% and
27.6% did not negatively impact the sensory properties of eggs, which is consistent with
available literature (Rokka et al., 2002; Valkonen et al., 2007). Additionally, adding co-
extrudates of hempseed at amounts of 18.4% and 30.7% did not negatively affect the
sensory evaluation of eggs; rather, eggs from these groups were rated as the most desirable
with maximum sensory scores for taste (5.00). The obtained results are consistent with
available literature (Goldberg et al., 2012).

CONCLUSIONS

The inclusion of co-extrudates from flaxseed, camelina seed, and hempseed, as well as
natural pigments (carrot and paprika), in hens' diets did not negatively affect the
acceptability, homogeneity, or color (hue) of fresh egg yolks, nor the smell, taste,
acceptability, homogeneity, or color (hue) of boiled egg yolks, except for co-extrudates from
flaxseed, which negatively influenced the taste of boiled eggs (p < 0.05). In contrast to co-
extrudates from flaxseed, the incorporation of co-extrudates from camelina seeds at
concentrations of 16.6% and 27.6%, as well as co-extrudates from hemp seeds at
concentrations of 18.4% and 30.7%, did not adversely affect the sensory evaluation of eggs.
By adding 1% carrot and 0.5% paprika to all experimental diets, a yolk color ranging from
12.50 to 13.39 on the RYCF scale was achieved, which was rated as optimal (orange), with a
maximum score of 5 for acceptability, homogeneity, and color (hue). This suggests that a
specifically designed feed formulation for laying hens can yield functional eggs with desirable
sensory attributes.
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detektora, gde se kontrola i akvizicija podataka vrsi kroz
Chromeleon softver.

TRACE 1600 GC

MASENA
SPEKTROMETRIJA

thermo
scientific

GC-MS/MS TRIPLE
QUADRUPOLE SISTEMI

Najnovija generacija GC-MS/MS sistema TS0 9610 u
pogledu osetljivosti i robusnosti odgovora na najstrozije
zahteve EU regulative za analizu dioksina i furana.
Zahvaljuju¢i novom jonskom izvoru (AEI) detekcioni limit
instrumenta doseze ato opseg. NeverVent Technology
omogucava da se bez narusavanja vakuuma promeni
hromatografska kolona za svega 35 min, odnosno zameni
josnki izvor za svega 5 min.

TS0 9610 Triple
Quadrupole GC-MS

TECNA HROMATOGRAFIJA

Thermo Scientific portfolio za te¢nu hromatografiju ¢ini
Vanquish serija, koja obuhvata HPLC, UHPLC, nano LC
sisteme:
« Vanquish Horizon UHPLC sistem

sa ultravisokim pritiscima do 1500 bara
« Vanquish Flex UHPLC sistem sa pritiscima

do 1000 bara i Vanquish Core HPLC

do 700 bara
« Vanquish Duo UHPLC sistem - sistem

dizajniran za istovremeno izvodenje

dve aplikacije

Vanquish Core HPLC system

TSO Quantis+ Nova generacija triple stage quadrupole masenih
spektrometara (TS0 Fortis+, TSQ Quantis+, TSQ
Altis+)je bez kompromisa u pogledu osetljivosti i
robusnosti. Zahvaljujuci jedinstvenoj active ion
management (AIM+) tehnologiji, unapredenom
jonskom izvoru i elektron multiplajeru, pruzaju
pouzdanu kvantifikaciju. Model TSQ Altis+ je
najprestizniji u seriji i pruza nenadmasnu osetljivost
za sve tipove molekula u razli¢itim matriksima.

TSO maseni spektrometri se prodaju sa trogodisnjim
fabri¢kom garancijom.

JONSKA HROMATOGRAFIJA

Bilo da imate samo nekoliko uzoraka ili veliki
broj, jednostavan analiti¢ki zadatak ili pravi
izazov, nudimo odgovarajuce reSenje za
analizu katjona i anjona:

« Modularni jonski hromatografi za zahtevne
IC aplikacije: Dionex ICS-6000 HPIC
sistemi

« Integrisani jonski hromatografi za rutinske
analize, RFIC sistemi i kapilarni:

Dionex Integrion HPIC, Dionex Aquion,
Dionex Easion sistemi i Dionex ICS-4000
kapilarni HPIC sistem

Dionex ICS-6000 HPIC sistem

ORBITRAP EXPLORIS LC-MS/MS
SISTEMI

Orbitrap Exploris HRAM serija masenih spektrome-
tara nudi izuzetnu osetljivosti i selektivnost, te
omogucava analize do najnizih nivoa sa visokom
kvantitativnom tacnosc¢u i preciznosc¢u. U zavisnost
od

kompleksnosti analita, mozemo da ponudimo

tri modela:

« Orbitrap Exploris 120: rezolucija

120.000 m/z, za male molekule

« Orbitrap Exploris 240: rezolucija

240.000 m/z, za male molekule i peptide

« Orbitrap Exploris 480: rezolucija

Orbitrap Exploris 240 MS

ORBITRAP ASTRAL MASENI SPEKTROMETAR

Orbitrap Astral maseni spektrometar kombinuje visoku
produktivnost, sveobuhvatnu pokrivenost i kvalitet podataka i
vecu osetljivost pruzajuci tacnu i preciznu kvantifikaciju u
Sirokom dinami¢kom opsegu. Kombinacija tri masena
analizatora (maseni filter visokih rezolucija, Orbitrap™ maseni
analizator i novi Astral maseni analizator) omogucava brzu
akviziciju izvanrednih HRAM podataka sa visokom osetljivoscu
i dinami¢kim opsegom. Performanse ovog instrumenta ¢ine ga
idealnim za ta¢nu i preciznu kvantifikaciju bez presedana, u
analizi kako pojedinacnih ¢elija tako i masovnih uzoraka.

HRAM ORBITRAP TRIBRID LC-MS/MS
SISTEMI

Orbitrap Tribrid sistemi su najnapredniji HRAM maseni
spektrometri na svetu, koji kombinuju najbolje osobine
kvadrupola, Orbitrapa i jonskih zamki i omoguéavaju
analizu najzahtevnijih uzoraka. Rezolucija i pove¢ana
brzina ciklusa ¢ine ove uredaje pogodnim za rad na
uzorcima visoke kompleksnosti koji se sre¢u u proteomici,
metabolomici i drugim high-throughput tehnikama. Kroz
veliki broj tehnoloskih inovacija omogucena je identifik-
acija vise jedinjenja, tacnija kvantifikacija i otkrivanje vise
strukturnih detalja.

Orbitrap Eclipse Tribrid MS

SOFTVER ZA HROMATOGRAFIJU
CHROMELEON 7.3

| CHROMELEON
CDS ENTERPRISE

Chromeleon 7.3 CDS hromatografski softver
obezbeduje najbrzi put od uzorka do rezultata.
PodrZava kontrolu masenog spektrometra i obradu
podataka svih separacionih tehnika (LC, GC, IC).
Softver je potpuno integrisan sa GC-MS/MS |
LC-MS/MS instrumentima kao i

hromatografskim sistemima drugih proizvodaca
opreme.

Chromeleon 7.3 CDS softver

STELLAR MASENI SPEKTROMETAR

Thermo Scientific™ Stellar™ maseni spektrome-
tar donosi inovacije u osetljivosti, specifi¢nostii
produktivnosti. Stellar maseni spektrometar
kombinuje revolucionarne hardverske i softverske
napretke sa robusnom kvantifikacijom. Povecajte
pouzdanost rezultata zahvaljujuéi specifi¢nosti
hiper-brze MSn akvizicije u punom skeniranju iz
kvadrupolne-linearne ionske zamke i detektorsk-
og sistema, koji omogucava osetljivost za
pojedinacne jone.

Orbitrap Exploris 240 MS
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INFRACRVENASPEKTROSK(OPIJA) -
| MIKROSKOPIJA(FT-IR ¢ . =

Thermo Nicolet iS5 FT-IR spektrometar y ¥
obezbeduje napredne FT-IR ‘\\
performanse u kompaktnoj veli¢ini po "
pristupacnoj cenii predstavlja idealno
resenje za industrijske, forenzicke i
akademske laboratorije. Model Nicolet
iS50 pokriva VIS, NIR, MIR i FAR oblast.
Preporuc¢eni model FT-IR mikroskopa:
Nicolet iN10 i novi Nicolet RaptIR
Nicolet iS50 FT-IR spektrometar sa pogodan za Siroki spektar industrija.

Nicolet RaptIR FT-IR mikroskopom

EXTREVA ASE AUTOMATIZOVANI EKSTRAKTOR
RASTVARACEM (ACCELERATED SOLVENT EXTRACTOR)

Automatizovano bez ikakve intervencije, izvrsite
ekstrakciju uzoraka, cleanup u ekstrakcionoj
celiji i evaporaciju—sve u jednoj besprekornoj
operaciji—skratite vreme manuelnog rada sa sati
na minute i omogucite sebi da se fokusirate na
druge laboratorijske prioritete dok koristite do

/
/ |! ANALYSIS d.o.o.

Japanska 4, 11070 Novi Beograd

Tel/fax: +38111 318 64 46; +38111 318 64 48
e-mail: info@analysis.rs

www.analysis.rs

50% manje rastvarac¢a od drugih tehnika
pripreme uzoraka . EKSTREVA ASE ubrzani
ekstraktor rastvaraca nudi sveobuhvatnu
pripremu uzoraka: automatski ekstrahuje i
koncentrise uzorke, eliminisuci potrebu za
ruénim premestanjem ekstrakta uzoraka na drugi
uredaj za isparavanje rastvaraca.

£

UV-VIS SPEKTROFOTOMETRIJA

/ Thermo Scientific nudi Siroku paletu UV-Vis
- ' spektrofotometara, od jednozra¢nih do dual i
thermoscintiic:

double beam UV-Vis spektrofotometara, koji
—_— zahvaljujuci svojoj raznovrsnosti nalaze
primenu u edukaciji, kontroli kvaliteta i
istrazivackom radu.

s

Evolution One UV-Vis

RAMANSKA SPEKTROMETRIJA

DXR RamanSmart spektrome-
tar dizajniran je za rutinske i
procesne analize u analitickim
i razvojnim laboratorijama.
Zahvaljujuci izuzetnim
performansama, nalazi
primenu i u istrazivackim,
akademskim i forenzickim
laboratorijama. Omogucava
jednostavno uzorkovanje i
minimalnu priprema uzorka,
kao i snimanje kroz pakovni
materijal.

DXR3 Raman
Mikroskop

KOLONE | POTROSNI MATERIJAL
ZA HROMATOGRAFIJU

Thermo Scientific nudi veliki izbor
kolona za te€nu, gasnu i jonsku
hromatografiju po povoljnim cenama,
kao i veliki izbor potroSnog hromato-

==/ $pric filtere, Quecherse, SPE kertridze,
viale, itd.

WE ARE
BULDING A TEAM
THAT LOVES
TO WORK TOGETHER

ELEMENTALNA
’géieernr{i]f(i)c ANALIZA

MASENA SPEKTROMETRIJA SA INDUKOVANO-
SPREGNUTOM PLAZMOM (ICP-MS)

Thermo Scientific portfolio ICP-MS instrumenata sadrzi
single quadrupole (ICP-MS S0), triple quadrupole (ICP-MS T0)
kao i masene spektrometre visoke rezolucije (ICP-MS HR).
Fleksibilnost i jednostavnost koris¢enja u kombinaciji sa
visokom osetljivoScu i stabilno$c¢u instrumenta ¢ine ih
idealnim za kvalitetne rutinske kao i za zahtevne analize.

iCAP TQ ICP-MS

SPEKTROMETRIJA SA INDUKOVANO-SPREGNUTOM
PLAZMOM(ICP-OES)

Nova Thermo Scientific iCAP PRO serija ICP-OES obezbeduje veoma
brzu multielementalnu analizu tragova elemenata. Instrument
karakterisu napredne performanse, visoka produktivnost, jednostavno
koric¢enje, pouzdani rezultati u skladu sa propisanim requlativama i
standardima. Modeli: iCAP PRO i PRO X - osnovna konfiguracija; iCAP
PRO XP - rutinske analize pogodne za QA/QC laboratorije i iCAP PRO
XPS - na najzahtevnije analize, namenjene R&D laboratorijama.

iCAP PRO XPS ICP-OES

grafskog materijala za pripremu uzorka:

FLASH SMART CHNS/0, N-protein, ="

o=

TOC ANALIZATOR

FlashSmart analizator reSava vise laboratorijskih zadataka, pobolj$ava i
ubrzava laboratorijski rad i skracuje vreme trajanja analize, zahvaljujuci
Dumas metodi koja omogucava visoku fleksibilnost i modularnost u radu,
nudeci vise od dvadeset konfiguracija u jednom instrumentu. Mo¢ni FlashSmart™
softver podrzava automatizaciju i precizno izves$tavanje. elementalni analizator
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