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ABSTRACT 
 
High quality fish feed is mainly produced by extrusion process. Expansion level and oil absorption 
capacity are important characteristics of extruded pellets for salmonides, since salmonides require 
high energy diets provided by high fat content that is achieved by addition of oil using vacuum coating 
system in pellets after extrusion process. Expansion also directly affects bulk density, feed property 
that needs to be adjusted according to the feeding habits of the target species. In this study 
commercial diet for Atlantic salmon was extruded by seven section twin-screw extruder. For promoting 
expansion two different screw configurations were used while screw speed was progressively 
increased, set at 350, 700 and 750 RPM. Temperatures in third and sixth section of the extruder 
barrel, die temperature, die pressure and specific mechanical energy were monitored and recorded 
during extrusion. Bulk density, radial expansion and maximum oil absorption capacity of extruded feed 
were determined. Increase of screw speed lead to the increase of specific mechanical energy and die 
temperature during extrusion, with negligible change in the die pressure for both used configuration. 
Bulk density of feed was significantly (p<0.05) decreased while expansion and oil absorption capacity 
significantly increased (p<0.05) as the screw speed was increased. There were no significant 
differences in bulk density, expansion ratio and oil absorption capacity for samples produced at 700 
RPM by two different screw configurations. 
 
Keywords: extrusion, screw configuration, expansion, oil absorption capacity 

 
INTRODUCTION 
 
Production of commercial fish feed is mainly done by extrusion process, resulting in high 
energy products with high physical quality as well good nutritional value. Production 
conditions and physiochemical properties of ingredients, affect physical quality of extruded 
feed (Oehme et al., 2014). The combination of high temperature, shear forces and pressure 
during extrusion, gives durable pellets with adjustable specific density in order to meet the 
requirements for oil absorption capacity and settling velocity (Sørensen, 2012).  

Oil absorption capacity is a characteristic of extruded fish feed, correlated with the expansion 
of final product (Sørensen, 2012). Oil absorption capacity represents important physical 
property of feed for salmonides, since salmonides are carnivorous fish and have restricted 
capacity to digest and metabolize starch (Hemre et al., 2002), thus energy of feed for this 
species comes from protein and fat. Starch is added to feed for carnivorous fish primarily as 
a digestible binder and to facilitate expansion of the feed, but level of inclusion is limited to 
approximately 10% (Sørensen, 2010). Commercial diets for Atlantic salmon contain up to 
40% of fat, and such a high fat content is achieved by adding oil using vacuum coating 
system on dry and hot pellets after the extrusion. Bulk density of feed is directly related to the 
expansion of product during extrusion and drying (Glencross et al., 2011), and it is property 
that determines floatability and sinking velocity of sinking feed. Bulk density needs to be 
adjusted according to the eating habits of specific fish species. Atlantic salmon is predatory 
fish and requires slow sinking pellets, thus pellets with added required amount of fat should 
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have bulk density between 500 and 580 g/dm3 for freshwater and from 520 to 600 g/dm3 for 
saltwater (Lucht, 2001). 
Temperatures above 100 °C should be obtained during extrusion process in order to flash off 
steam and expand the feed as it leaves the die. Therefore, energy input is important for final 
shape and size of pellet. Beside thermal energy, that represents addition of steam during 
preconditioning when mash is heated to 80-90 °C, there is mechanical energy called specific 
mechanical energy (SME) that is generated by friction caused by the dough in the extruder 
barrel as it is moved forward by the rotating screw (Sørensen, 2010). SME is directly 
correlated to processing variables during feed production (Sørensen, 2012). Screw speed 
has direct influence on SME. Sørensen et al. (2011) studied influence of screw speed on 
physical properties of extruded feed for Atlantic salmon. Manipulation of screw speed in 
order to change SEM and optimize fish feed quality was investigated by Kraugerud et al. 
(2011) and Kraugerud & Svihus (2011). Screw configuration has influence on cooking and 
transformations of the material in the extruder barrel due to changes in shear rate, 
mechanical energy input and material residence time, which is all briefly reviewed in article 
by Sørensen (2012). In studies by Gogoi et al. (1996) and Sørensen et al. (2010) it was 
shown that changes in screw configuration can be used to manipulate with expansion, bulk 
density and other physical properties of product, such as hardness and durability, towards 
targeted values. 

In this study commercial diet for Atlantic salmon was extruded using twin-screw extruder. In 
order to find optimal processing condition for production of feed for Atlantic salmon using 
aforementioned extruder, two different screw configurations were used while screw speed 
was progressively increased, set at 350, 700 and 750 RPM. Temperatures along extruder 
barrel, die temperature, die pressure and specific mechanical energy were monitored and 
recorded during extrusion. Bulk density, radial expansion and maximum oil absorption 
capacity of extruded feed were determined and analyzed using one-way ANOVA. 
 

MATERIAL AND METHODS 
 
Commercial diet for Atlantic salmon, purchased from commercial producer in pre-grounded 
mash form, was extruded using pilot scale twin-screw extruder. Extrusion trials were 
performed at Feed to Food pilot plant, Institute of Food Technology, Novi Sad, Serbia. 
Chemical composition of commercial diet is presented in Table 1.  
 
Table 1. Chemical composition of commercial diet for Atlantic salmon 

Chemical composition (%) 

Moisture 7.26 

Crude protein 58.37 

Crude fiber 3.37 

Crude fat 3.39 

Crude ash 6.78 

Starch 11.12 

 

Mash for Atlantic salmon was preconditioned in Muyang SLHSJ0.2A double-shaft pedal 
mixer (Muyang, Yangzhou, China), by directly adding steam and water, through nozzles that 
were positioned in the upper part of the mixer, above the mixing pedals, until final 
temperature reached 90 °C. Targeted final moisture content in the conditioner was 25%. 
Preconditioned material was extruded using co-rotating twin-screw extruder (Bühler BTSK 
30/28D, 7 sections, length/diameter ration = 28:1, Bühler, Uzwil, Switzerland) with 6 mm die 
opening and die open area of 28.26 mm2. Material throughput was 65 kg/h and water 
temperature for jacketed heating of extruder barrel’s sections 2-4 and 6-7 was set at 95 °C. 
Extrusion was first conducted using screw configuration (SC1) made for exponentially 
pressure increase inside extruder barrel, in order to get best possible expansion of product. 
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Moisture content of the material in the feeding section of extruder barrel was targeted at 28% 
by addition of water directly inside barrel. Water throughput was set at 2.6 kg/h. At these 
parameters two samples were produce, labeled as SC1-350 and SC1-700, produced with 
screw speed set at 350 and 700 RPM, respectively. Second screw configuration (SC2) was 
mounted and two more products were produced, labeled as SC2-700 and SC2-750, 
produced at same parameter as previous two but at screw speed of 700 and 750 RPM, 
respectively. There was no water addition inside barrel during production of SC2-700 and 
SC-750 samples, since desired moisture content in the feeding section was achieved during 
preconditioning. Screw configuration SC1 and SC2 as well as screw segments used for 
assembling screw configurations are schematically presented in Figure 1. 

 
Figure 1. Schematic view of used screw configurations SC1 and SC2 and screw segments. The letter 
“R” indicates a forward conveying element and “L” indicates a backward conveying element. The letter 

“S” indicates spacer inserted between two segments with 90° offset, and “P” indicates mixing and 
kneading polygon elements. The first number gives pitch in millimeters and second gives segment 

length 
 
Temperature of sections three and six was measured by sensors located in the extruder 
barrel, sensors located before the die were used to measure die temperature and pressure. 
Specific mechanical energy (SME) and motor torque were read directly from the extruder 
control panel. The six knifes were used for cutting final product at the die exit, and the knife 
rotation speed was set at 500 RPM. The pellets were dried after extrusion in batch dryer at 
80 °C for 20 minutes, and left at ambient air to cool down. Pellets were additionally dried until 
final moisture content of product was between 7 and 9%. 

Bulk density (BD) of extruded feed was determined using bulk density tester (Tonindustrie, 
West und Goslar, Germany). The diameter of fifteen pellets was measured using caliper 
(MIB Messzeuge GmbH, Spangenberg, Germany). Radial expansion ratio (ER) was given in 
percent and calculated as: 
 

 
 
Oil absorption capacity (OAC) was determined using a method developed by ourselves. 100 
g of fish oil was put in 600 ml glass beaker and heated up to approximately 70 °C. 50 g of 
pellets was immerged in 100 g of preheated oil. Glass beaker was put in a covered metal 
device that has sensor controlled electric heater inside. Device was connected to the vacuum 
pump. During the analysis, vacuum inside device was held at 0.15 bar for around 60 s, while 
the temperature of the oil was hold constant at 60 °C. Vacuum release time was around 90 s. 
After the pressure was atmospheric again, pellets with retained oil were removed from the 
beaker with oil, surplus oil was removed by gently compressing the pellets between several  
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layers of kitchen paper. Then, mass of pellets infused with oil was weighed. OAC was 
calculated as weight increase of sample divided by initial weight of sample and expressed in 
percent. 

One-way ANOVA and Tukey honestly significant difference test were used to analyze 
variations of the results. Differences between the means with probability p<0.05 were 
accepted as statistically significant. The level of confidence was set at 95% (STATISTICA 
12.0, StatSoft Inc., Tulsa, OK, USA). 
 

RESULTS AND DISCUSSION 

Extruder process parameters are presented in Table 2.   

Table 2. Processing parameters during extrusion of commercial diet for Atlantic salmon 

Screw configuration Screw configuration 1 (SC1) Screw configuration 2 (SC2) 

Sample SC1-350 SC1-700 SC2-700 SC2-750 

Conditioning   

Temperature
a
 (°C) 90 90 90 90 

Moisture content
b
 (%) 24.9 24.9 26.7 26.7 

Extrusion   

Temperature
c
 (°C)   

Section 3 91.6 89.2 90.5 88.7 

Section 6 96 100.4 105.9 106.8 

Die 98 106 112 113 

Screw speed (RPM) 350 700 700 750 

Throughput (kg/h) 65 65 65 65 

Water throughput (kg/h) 2.6 2.6 0 0 

Moisture
d 
(%) 27.9 27.9 26.7 26.7 

Die pressure (bar) 0.8 0.7 0.7 0.7 

Torque
e
 (Nm) 105.6 70.4 66 74.6 

SME
f
(Wh/kg) 57.5 65 64.2 71.3 

a
 Measured by the sensor located inside conditioner. 

b
 Moisture content determined after conditioning by rapid moisture analyzer.   

c 
Measured by sensors located in the extruder barrel. 

 
d
 Total moisture content during extrusion calculated based on moisture content of the material after conditioning, 

material throughput and water throughput in the extruder barrel. 
e
 Motor load, 100% torque is 220 Nm. 

 
f 
Specific mechanical energy. 

 

An increase in extruder barrel temperature was observed in section 6 when screw speed was 
increased from 350 to 700 RPM for SC1 and from 700 to 750 for SC2. Temperature 
increased from 91.6 to 100.4 °C when screw speed was increased from 350 to 700 RPM for 
SC1 and from 105.9 to 106.8 °C for increase from 700 to 750 for other screw configuration, 
SC2. Increase in temperature is related with increased mechanical input through friction 
between material and screw elements during extrusion as a result of applied higher screw 
speed. Thus, SME was increased by increasing the screw speed. The same was reported by 
Sørensen et al. (2011) in which SME was mainly affected by screw speed. Increase in screw 
speed in combination with decrease in material moisture content generated higher levels of 
SME during extrusion fish diets high in protein-rich and starch-rich plant ingredients 
(Kraugerud et al., 2011). Furthermore, temperature in section 6 was higher when SC2 was 
used at 700 RPM compared to the temperature obtained with use of SC1 at same screw 
speed. Section 6 represented cooking zone of the extruder, and SC2 had forward conveying 
polygon element in it that perhaps gave more friction between material and the screw than 
the backward conveying element twisted off for 90°, that was mounted in section 6 of SC1, 
thus elevated temperature. Screw configurations also differed prior to the cooking zone 
where SC1 had backward mixing segments and SC2 possessed combinations of alternately 
mounted forward and backward screw segments twisted by 90° between each other. This 
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setting of SC2 probably increase friction prior to the section 6 of extruder barrel which had 
consequence in temperature increase. Increase in temperature along extruder barrel by 
increasing the screw speed was also observed by Sørensen et al. (2011) and Vukmirović et 
al. (2011). Die temperature increased with the increase of screw speed.  

The highest die temperature of 113 °C was obtained using SC2 at 750 RPM. This was result 
of combination of highest screw speed used with SC2, configuration that generated more 
shear force than SC1. One of goals for using SC2 was to create higher die pressure which 
will potentially lead to better expansion. However change in screw configuration did not affect 
die pressure, since it was constant for both configuration at 700 and 750 RPM. Higher 
energy inputs in extruder barrel lead to the higher SME levels which directly influenced 
determined physical properties of feed - BD, ER and OAC (Table 3).  
 
Table 3. Bulk density, expansion ratio and oil absorption capacity of extruded feed samples 

Sample Bulk density
+
 (g/dm

3
) Expansion ratio

*
 (%) 

Oil absorption 
capacity

**
(%) 

SC1-350
†
 475.53±1.14

c
 20.33±2.37

a
 26.02±0.13

a
 

SC1-700 468.80±0.50
b
 25±2.52

b
 30.35±0.38

b
 

SC2-700 466.60±1.25
b
 27.11±2.40

b
 30.56±0.14

b
 

SC2-750 385.33±2.30
a
 27.22±2.24

b
 44.05±0.21

c
 

a
 Values with different letters in the same column are significantly different (p<0.05) 

+
 Mean ± standard deviation of 3 replicates 

*
 Mean ± standard deviation of 15 replicates 

**
 Mean ± standard deviation of duplicate 

†
 SC-screw configuration; 350, 700, 750 - screw speed in RPM 

 
BD of feed was significantly (p<0.05) decreased as the screw speed was increased. Increase 
in screw speed increased the expansion of final product. These results were in correlation 
with the ones reported in studies of Sørensen et al. (2011) and Banjac et al. (2013). Increase 
from 350 to 700 RPM lead to the increase of ER in 5% when SC1 was used.  

However, ER was not significantly (p<0.05) increased when screw speed was increased from 
700 to 750 RPM for SC2, which was expected since applied screw speeds were very similar. 
OAC was in direct correlation with expansion of pellets, and significantly increased with 
increase of screw speed. (Sørensen et al., 2010). In a study by Sørensen et al. (2011) OAC 
was also significantly improved by changing screw speed from 220 to 300 RPM. The highest 
OAC was obtained using SC2 at 750 RPM, and it was 44.05%. Extrusion process for 
production of commercial salmonid feed usually is optimized for obtaining pellets with BD of 
460 g/dm3 (Kraugerud et al., 2011). Based on this reference, two out of three applied screw 
speeds, 350 and 700 RPM, resulted in a product with satisfactory BD.  

Although sample SC2-750 possessed the highest OAC it was not followed by required BD 
(460 g/dm3 ) since it has significantly lower BD that was 385.33 g/dm3. In terms of BD, ER 
and OAC production at 700 RPM provided best properties of feed for Atlantic salmon, for 
both used screw configurations. Also, there were no significant differences in determined 
physical properties of two samples produced at 700 RPM by configuration SC1 and SC2.  

 
CONCLUSIONS 
 
The screw speed affected process parameters such as temperature profile in extruder barrel, 
die temperature and SME levels, but did not affect die pressure. Screw speed also had major 
impact on ER, BD and OAC of extruded feed. Screw configuration had effect on temperature 
profile in extruder barrel and die temperature at 700 RPM. These results suggest that by 
adjusting the screw speed expansion of the product and therefore BD and OAC can be 
controlled during production of feed for Atlantic salmon towards required physical properties. 
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Aquaculture is food sector, which is growing rapidly in the last 25 years with annual growth of 8,2 . 
One of the most perspective branches of aquaculture is shrimp farming. The theoretical research was 
devoted to the problem of compound shrimp feed production. In order to satisfy shrimp requirements, 
shrimp feeding systems were shown. Features of the nutritional standards for freshwater and saltwater 
shrimps were analyzed. Nutrient requirements of shrimp have been changed through fish life-cycle. 
Also features of feed mill scheme and modern technologies for shrimp feed manufacture were shown. 
Undoubtedly, extrusion is the main process for shrimp feed production. As well new ingredients as 
food by-products, beans, etc. are used more for shrimp feed recipes. As the result of the paper, 
recommendation for shrimp feeding manufacture was created. 
 
Keywords: compound feed for shrimp, feed manufacture technology for shrimp feed, requirements for 
shrimp feed. 

 
INTRODUCTION 

 
Aquaculture has seen tremendous growth since 2011, increasing market share by as much 
as 17% per year. The Food and Agriculture Organization of the United Nations (FAO) has 
released data indicating that trends in global consumption of farmed fish and shellfish 
exceeds that of beef on a weight basis (Alltech, 2013). Shrimp (or prawn) culture is 
widespread throughout the tropical world. It is in an industry set for a period of strongly 
growing demand, and is currently worth around US$10 billion. 

This article is intended to provide some detailed discussion, and information references 
where possible, on the perspectives and features of shrimp feed production. 

Farming system and feeding strategies vary with shrimp size (larval, nursery, juvenile, adult), 
species and country. Framing and feeding strategies used by farmers include (Albert G.J. 
Tacon, 2004): 

- Extensive outdoor farming system with no additional nutrient input through fertilization or 
feeding (L. vannamei, P. monodon, P. chinensis, P. indicus.). 
- Extensive tidal/ running water outdoor farming system with fertilizer and / or complete / 
supplementary diet feeding (L. vannamei, P. monodon, P. chinensis, P. indicus). 
- Semi-intensive static / running water outdoor farming system with fertilizer and / or 
complete / supplementary diet feeding. (P. monodon, P. chinensis, L. vanname). 
- Intensive outdoor running / static water farming system with fertilizer and / or complete / 
supplementary diet feeding (P. monodon, L. vanname, F. dorarum, P.aztecus, F. 
merguensis).  
- Intensive indoor farming system with fertilizer and / or complete / supplementary diet 
feeding (P. monodon, L.vanname, P.indicus, P.esculentus).  

Production cost depends on farming system and vary from 1-2 US dollar per kilogram of live 
shrimp to 5 US dollar (Albert G.J. Tacon, 2004) with feed conversation range from 0,9 kg/kg 
to 3,0 kg/kg. While some 20 species are cultured in various parts of the world, the majority of 
production is based on six species (Figure 1). For the eastern hemisphere, the fast growing 
giant tiger shrimp Penaeus monodon is the most important, while in the western hemisphere, 
the white shrimp Litopenaeus vannamei is the leading production species. Feed most often 
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represents the greatest percentage of the total cost of raising fish and shrimp. Therefore, 
correct requirements are necessary for feed production.  
Shrimp have a complicated life cycle (Figure 2, Akiyama, D.M., 1992). Eggs from the female 
are broadcast into the environment. Hatching from the egg, the larvae pass through three 
distinct stages, nauplius, zoea and mysis, before assuming the distinctive adult morphology 
as post-larval or juvenile shrimp. 
  

 
Figure 1. Relative importance of shrimp species to global aquaculture production.  (Rosenberry 1999) 
 

 
 

Figure 2. Production cycle for the cultured organism in industrial shrimp aquaculture. 
 (Fast & Lester, 1992) 

 

Formulated diets are available for post-larval and juvenile stages, enabling the farmer to rear 
the shrimp to maturity. Diets for broodstock shrimp typically include fresh or frozen 
supplements to the formulated diets. The bulk of feed used in the shrimp industry is the 
formulated feed used in the growout of juveniles to market size. These feeds for growout of 
shrimp typically contain high levels of protein. Use of sources such as high quality fish, 



XVII International Symposium “Feed Technology” 

9 

 

shrimp and squid meal, protein levels in the feed range from 30% to 50%, depending on the 
shrimp species and culture strategy (Table 1). Lower levels of protein are used when shrimp 
are reared under extensive conditions. 

Table 1. Protein level in practical shrimp feed  

Culture system Crude protein (%) 

Extensive 
23 
25 

Semi-intensive 
30 
35 
40 

Intensive 
40 
45 

 
The factors which determine the quality of a feed are its nutrient profile, anti-nutrient status, 
particle size, texture, stability of nutrients, attractability, digestibility, anabolic efficiency and 
shelf-life.  

Nutrients essential to fish are the same as those required by most other animals. These 
include water, proteins (aminoacids), lipids (fats, oils, fatty acids), carbohydrates (sugars, 
starch), vitamins and minerals. 
 
Proteins and Amino Acids. Fish meal, soybean meal, grain by-products, skim milk powder, 
legumes, and wheat gluten are excellent sources of protein. Additionally, the building blocks 
of proteins (free amino acids) such as lysine and methionine are commercially available to 
supplement the diet. One of the most important issue in shrimp feed production is 
alternatives of animal protein sources. Several factors have stimulated efforts to find 
alternatives for marine protein sources in manufactured shrimp feeds. Certainly, price is the 
key reason to look for replacement. The supply and price of high quality fish meal, as well as 
shrimp and squid meals, fluctuate dramatically from year to year. There is also a general 
concern of the potential negative impact that fish meal production might have on natural 
fisheries (Naylor et al., 2000). Because of its attractive amino acid content, availability and 
relatively affordable price, soybean meal and soy concentrates have received increasing 
attention as substitutes for marine animal meals. 
 
Lipids. Oils from marine fish, such as menhaden, and vegetable oils from canola, sunflower, 
and linseed, are common sources of lipids in shrimp feeds. Important topic is ensuring 
necessary omega-3:omega-6 relation. 
 
Carbohydrates. Cooked carbohydrates, from flours of corn, wheat and other cereals, are 
relatively inexpensive sources of energy that may spare protein (which is more expensive) 
from being used as an energy source 
 
Vitamins and Minerals. The variety and amount of vitamins and minerals are so complex 
that they are usually prepared synthetically and are available commercially as a balanced 
and pre-measured mixture known as a vitamin or mineral premix. This premix is added to the 
diet in amounts to ensure that adequate levels of vitamins and minerals are supplied to meet 
dietary requirements. 
 
Binding Agents. Another important ingredient in shrimp diets is a binding agent to provide 
stability to the pellet and reduce leaching of nutrients into the water. Carbohydrates (starch, 
cellulose, pectin) and various other polysaccharides, such as extracts or derivatives from 
animals (gelatin), plants (locust bean), and seaweeds (agar and other alginates) are also 
popular binding agents. 
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Preservatives. Preservatives, such as antimicrobials and antioxidants, are often added to 
extend the shelf-life of shrimp diets and reduce the rancidity of the fats. Vitamin E is an 
effective, but expensive, antioxidant that can be used in laboratory prepared formulations. 
Commonly available commercial antioxidants are butylated hydroxyanisole (BHA), or 
butylated hydroxytoluene (BHT), and ethoxyquin. BHA and BHT are added at 0.005% of dry 
weight of the diet or no more than 0.02% of the fat content in the diet, while ethoxyquin is 
added at 150 mg/kg of the diet. Sodium and potassium salts of propionic, benzoic or sorbic 
acids, are commonly available antimicrobials added at less than 0.1% in the manufacture of 
shrimp feeds 

Minerals are inorganic components of the feed, which are components of hard and soft 
tissues, cofactors and/or activators of enzymes, also they have function in acid – base 
balance in production of membrane potentials and osmoregulation ( 
 O’Keefe, 2011). Recommended mineral levels in commercial shrimp feeds are shown in the 
table 2.  
 
Table 2. Recommended mineral levels in commercial shrimp feed 

Mineral Quantity per kg of feed 

Calcium, maximum 2,3 % 

Phosphorus, available 0,8 % 

Magnesium 0,2 % 

Potassium 0,9 % 

Iron maximum 200 mg 

Copper 35 mg 

Zinc 150 mg 

Manganese 20 mg 

Selenium 1 mg 

Cobalt 0,05 mg 

 

Physical properties of shrimp feed depend on shrimp feeding habits. For slow-feeding 
species such as shrimp good pellet stability is required. Also shrimp prefer sinking pellets 
(density greater than that of water, 1 g/cm3).  

The feed production involves grinding of raw materials (by hammer mill and micropulverizer, 
particle size up to 300 micron), mixing, steam condition, pelleting (extrusion), drying (to 

moisture below 10) for good shelf-life of feed).  

Pelleting and extrusion are two most popular processes which are used for shrimp feed 
production. Both of them have pros and cons (Kearns, 2010, Riaz, 2007). The most 
important advantages of extrusion cooking of shrimp feed are: reduced feed ingredient costs, 
improved feed water stability, reduced nutrient leaching, improved nutrient digestibility, 
increased oil and energy addition, higher starch gelatinization, increased feed efficiency, 
increased potential shrimp growth and profit per unit of feed intake. Also extrusion causes 
potential savings in recipe costs (extruded recipes reported to have $20-$100/ton potential 
savings over pelleted recipes, extrusion process allows reduction or elimination of special 
binders and extrusion process can use less expensive starch sources. However, extrusion 
has higher operating costs (operating costs for extrusion typically reported to be $20-25/ton 
higher than for pelleting).  

The most current challenges of shrimp farming are (Tacon, A.G.J., 2002): 

Production eco-friendly shrimp feed (minimum faecal and metabolic wastes). 

1. The dietary nutrient requirements of shrimp under practical farming conditions, 
particularly in outdoor ponds, are not well understood. Aquafeeds and feeding strategies 
suited to the farming system need to be developed in order to reduce feed costs and 
avoid unnecessary nutrient input, feed wastage, and environmental pollution. 
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2. The potential value of feed additives such as free amino acids, feed enzymes, chemo-
attractants and feeding stimulants, probiotics, and immunostimulants for farmed shrimp 
needs to be recognized, and practical application technologies for their successful 
incorporation in manufactured aquafeeds need to be developed. 

3. Shrimp farmers may deficiency of understanding of the major nutritional role played by 
natural food organisms (including microorganisms) in the overall diet of shrimp raised 
under practical farming conditions.  

4. There is an urgent need to maximize dietary nutrient utilization efficiency and minimize 
nutrient loss and feed wastage resulting from pellet disintegration, nutrient leaching, 
and/or overformulation. 

5. The industry needs to recognize the increased dietary nutrient requirements of shrimp for 
the maintenance of optimum health and disease resistance under practical farming 
conditions. 

6. The farmed shrimp industry needs to reduce its dependence on wild-caught seed and 
broodstock by developing improved processing and manufacturing techniques for the 
production of larval, nursery, and broodstock feeds. 

7. Shrimp farmers need to maximize feed conversion efficiency and minimize feed losses 
and related deleterious environmental impacts by developing improved on-farm feed 
handling and management methods. 

8. Aquaculture feed manufacturers and shrimp farmers must develop regional, national, or 
international guidelines and codes of practices for both feed manufacturing practices and 
feed management practices. 

 
CONCLUSIONS 

 
Even through there are many challenges, shrimp feed production has great potential as 
important source of animal protein. The article shows farming system and feeding strategies 
of shrimp production. Feeds are major part of shrimp production cost. Ingredients which can 
be used for feed preparation were shown. Features of feed processes were discusses.  
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ABSTRACT 
 
The quality of forages in ruminant nutrition is frequently neglected. Having in mind that concentrate 
feeds are most often of uniform quality, the quality of forages might be one of the most important 
demands for reaching high nutritive value of diet. In modern conditions of economically oriented 
farming, the importance of high quality forages is the same in the extensive (organic) and in the 
intensive production.  
Since the nutritive value is of crucial importance, it has to be the main criterion for forages preparation. 
Numerous chemical analysis and in vivo investigations are certainly the most accurate way of 
determining a nutritive value. However, their application, as a “decision tool”, in preparation of forages 
is only theoretical.  
A possibility of applying different methods for nutritive value estimation before cutting is shown on the 
example of alfalfa (Medicago sativa L.). The use of Near Infrared Spectroscopy (NIRS) and 
morphological methods for assessing the nutritive value: Mean Stage by Weight (MSW), Mean Stage 
by Fresh Weight (MSFW) and Predictive Equations for Alfalfa Quality (PEAQ) were reviewed. Due to 
high price of NIRS spectroscope or commercial chemical analysis, as well as its limitations to only 
crude protein (CP) estimation, priority is given to morphological methods. On the other hand, 
according to their applicability, morphological methods are listed in the following order: PEAQ, MSFW, 
and MSW, while according to the accuracy MSFW and MSW methods are positioned better than the 
PEAQ method, which is limited to cell wall estimation.  
 
Keywords: alfalfa, nutritive value, estimation, morphology 

 
INTRODUCTION 
 
Modern concepts in ruminant production systems imply the need for maximum production. 
That means that diets with adequate nutritive value and various quantities of concentrates 
and forages are used. The influence of forage nutritive value is often neglected because it is 
incorrectly believed that the diet quality could be corrected with concentrates.  

Although the primary role of forage feeds is physical effectivity of the ration (Stojanović et al. 
2014), the dry matter intake and animal production very much depend on their quality 
(Kawas et al.. 1989; 1991). According to Božičković et al. (2015) the inadequate quality of 
forages cannot be compensated with concentrate feeds. Forages are usually hard to manage 
in the field and in ration formulation because their nutritive value can be highly variable 
(Mueller, 1994). The variability of forage feeds mostly comes from the chosen moment for 
harvest, handling and preservation (Djordjević et al. 2015). In investigation of Božičković et 
al. (2012), authors observed decreased crude protein (CP) content in fresh alfalfa of absolute 
8.5 % for just 10 days, giving the reason to authors to emphasize the right moment of harvest 
in this investigation. 

High quality forage feeds are very important for all levels of animal production. The quality of 
forages is of crucial importance for production performances. The most illustrative example 
was shown by Kawas et al. (1989). Two groups of cows received diets with 71 : 29 
concentrate : forage ratio, where alfalfa hay was the only forage. The rations had total of 18.2 
and 18.3 % CP in dry matter (DM). In the first ration the hay was harvested before flowering 
and in the second ration it was cut after flowering. The cows in the first group produced 
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average of 44.6 kg and in the second 34.8 kg milk. Those authors showed importance of 
forage quality even in high concentrate diets which are becoming common in the intensive 
dairy production today. 

On the other hand, in the extensive production systems the diets are dominantly based on 
forage feeds. Such production is becoming more important today with the increased demand 
for organic products. Kawas et al. (1989) also showed results for such diets. Two groups of 
cows received diets with concentrate: forage ratio of 30 : 70, where alfalfa hay was the only 
forage feed. The rations had 17.8 and 16.6 % CP in DM. In the first ration the hay was 
harvested before flowering and for the second it was cut after flowering. The cows in the first 
group produced average of 38.1kg and in the second average of 25.1kg milk.  

The presented level of production shows that the quality of forage feeds must be the main 
criterion for harvesting, instead of the visually determined development phase. Alfalfa is one 
of the most dominant forage species in Serbia and in the world (Grubić et al.. 2014), which is 
the reason why several systems for its quality evaluation before harvesting were developed. 
The main constraint in alfalfa production is inadequate control of the nutritive value of its 
products (Mueller. 1994). The age of alfalfa at the moment of harvesting has the greatest 
influence on the quality of its forage and is a variable that could be easiest to control (Fick et 
al.. 1994). According to Kalu and Fick (1981), if the nutritive quality is connected to alfalfa 
maturity, or morphological development phase, then it is necessary to develop quantitative 
and precise system for morphological development stage classification in order to create a 
model for prediction of alfalfa quality in the field. That was the starting point for the 
development of morphological methods, based on numerical investigation of development 
phase in alfalfa. Such models are Mean Stage by Weight – MSW (Kalu and Fick, 1981) and 
Mean Stage by Fresh Weight – MSFW (Božičković et al.. 2013). Based on these methods, it 
is possible to predict the most important nutritive parameters in fresh alfalfa. 

In order to simplify the prediction of chemical composition Hintz and Albrecht (1991) 
suggested Predictive Equations for Alfalfa Quality (PEAQ) method which is partly based on 
the Mean Stage method. The PEAQ is intended to be easily used in the field and to give 
acceptably accurate prediction of nutritive value. On the other hand, the development of Near 
Infrared Spectroscopy (NIRS) devices enabled their use for the rapid evaluation of nutritive 
value of forages. 
 
MEAN STAGE METHODS 

 
The overview of the most important ‘’mean stage’’ methods and methodology for their 
application was shown by Božičković et al. (2010, 2015). In short, those methods are based 
on the morphological stages as defined by Kalu and Fick (1981). These authors defined the 
classification system for alfalfa shoots in 10 morphological stages. The morphological stages 
were ranked from 0 to 9, where shoots with stems shorter than 150 mm were classified as 
stage 0, and shoots with ripe seeds were stage 9. The Mean Stage method is based on 
calculation from an assessment of all morphological stages within a cut sample. Calculation 
of MSW and MSFW for determination of mean stage of development is given in Eq. [1] and 
[2]. 
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Where S is the number of the development stage; DS, dry weight of all shoots in the 
development stage S; W, dry weight of the total sample; FS, fresh weight of all shoots within 
a development stage S; FW, total weight of the fresh sample. 

Calculated in this way, the mean stage of development is an arithmetical mean, or actually 
the average of development stages of all shoots in one sample (Božičković et al. 2016). 
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Mean Stage by Fresh Weight was developed by Božičković et al. (2013) and in a way, it 
represents an improvement of the MSW method. According to Božičković et al. (2016) 
MSFW is not a new method for determination of mean stage of development, but a modified 
methodology for determination of MSW. Because of that both methodologies have almost 
identical accuracy when they are used for nutritive value prediction (Božičković et al. 2013; 
2016).  

Table 1. gives a presentation of the most important equations for prediction of CP, neutral 
detergent fiber (NDF) and in vitro digestibility based on MSW a MSFW as given by various 
authors. As a parameter of exactness the coefficient of determination (R2) is given, which is a 
numerical value of explained variability for the predicted parameter. The other parameter of 
the exactness is the root mean square error (RMSE) which is the average error of the 
calibration and is expressed in the units of the predicted parameter. Considering that in the 
investigation of Božičković et al. (2013) the variation intervals for CP, NDF and in vitro 
organic matter digestibility (IVOMD) respectively were 152.3-365.4, 228.7-558.28, and 565.1-
812.4 g/kg DM (unpublished results) RMSE appears to be acceptable. 
 
Table 1. The most important equations for nutritive value prediction based on the mean stage by 
weight (MSW) and mean stage by fresh weight (MSFW) 
Author na Equation R2 RMSEb 

Crude protein (CP) 
Kalu and Fick (1983) 35 CP (% DM) = 36.15 - 6.09 × MSW + 0.48 × MSW

2 0.88 2.4c 

Fick and Onstad (1988) 43 CP (% DM) = 37.1 - 7.58 × MSW + 0.760 × MSW
2 0.64 2.7 

Hintz and Albrecht (1991) 540 CP (g/kg DM) = 307.8 - 57.8 × MSW + 5.48 × MSW
2 0.74 21.6 

Božičković et al. (2013) 141 CP (g/kg DM) = 352.05 - 62.97 × MSW + 5.38 × MSW
2 0.72 24.2 

Božičković et al. (2013) 141 CP (g/kg DM) = 351.03 - 63.46 × MSFW + 5.49 × MSFW
2 0.71 24.3 

Neutral detergent fiber (NDF) 
Kalu and Fick (1983) 24 NDF (% DM) = 20.62 + 8.03 × MSW - 0.59 × MSW

2 0.95 2.2c 

Fick and Onstad (1988) 43 NDF (% DM) = 13.4 + 17.7 × ln(MSW + 1) 0.70 3.7 
Hintz and Albrecht (1991) 540 NDF (g/kg DM) = 170.6 + 118.9 × MSW - 11.94 × MSW

2 0.83 33.4 
Božičković et al. (2013) 141 NDF (g/kg DM) = 200.73 + 87.79 × MSW - 6.60 × MSW

2 0.72 39.6 
Božičković et al. (2013) 141 NDF (g/kg DM) = 201.57 + 88.95 × MSFW - 6.79 × MSFW

2 0.72 39.7 
In vitro true digestibility (IVTD), In vitro organic mater digestibility (IVOMD) 
Kalu and Fick (1983) 35 IVTD (% DM) = 93.67 - 4.29 × MSW 0.96 1.9c 

Fick and Onstad (1988) 42 IVTD (% DM) = 100.0 - 16.3 × ln(MSW + 1) 0.70 3.2 
Božičković et al. (2013) 141 IVOMD (g/kg DM) = 819.93 - 51.71 × MSW + 3.50 × MSW

2 0.80 21.2 
Božičković et al. (2013) 141 IVOMD (g/kg DM) = 819.27 – 52.34 × MSFW + 3.59 × MSFW

2 0.79 21.4 
a Number of samples used for creation of the equation 
b Root mean square error (RMSE) is average deviation of calibration samples from the shown equation 
c Standard error of the predicted Y value at  (SEy), given by Kalu and Fick (1983) 
 
There are significant differences in investigations presented by authors shown in Table 1. In 
the investigations of Kalu and Fick (1983) and Fick and Onstad (1988) the limited number of 
samples was used. In the first, samples were collected on two locations in three years, while 
in the second investigation authors collected samples during two years in six states of the 
USA. Fick and Janson (1990) and Sanderson (1992) concluded that equations for nutritive 
value prediction should be developed for specific location or region. Fick and Onstad (1988) 
and Hintz and Albrecht (1991) in their investigations used several alfalfa cultivars. The 
influence of alfalfa cultivar on the accuracy of prediction equations was not investigated, but 
according to the investigation of Hall et al. (2000) it could be concluded that there is an 
influence of cultivar on nutritive value prediction. Because of all those reasons, the 
investigation of Božičković et al. (2013) included only one alfalfa cultivar and locality in order 
to eliminate the potential influence of these factors on the comparison. 

The equations shown in Table 1 were developed for several growth cycles. According to 
Griffin et al. (1994), the use of MSW for accurate prediction of forage quality requires 
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separate equations for different cuttings. Due to that; Božičković et al. (2013) developed 
equations for all growth cycles (Table 1) and separately for every growth cycle (Table 2). 
Comparing equations from this investigation, all equations in Table 2 had higher R2 and lower 
RMSE than the equations in Table 1. Differences between R2 and RMSE values in different 
growth cycles lead to the conclusion that for decreasing an error in prediction of alfalfa 
nutritive value the equations for individual growth cycles should be derived. 
 
Table 2. Equations for predictions of most important parameters of nutritive value developed for 
various growth cycles (Božičković et al., 2013), expressed as g/kg dry matter (DM) 
Cutting n

a 
Equation R

2 
RMSE

b 

Crude protein (CP) 

I cut 72 
363.57 – 78.31 × MSW + 7.25 × MSW² 0.77 23.7 

363.30 – 79.02 × MSFW + 7.38 × MSFW² 0.77 23.9 

II cut 35 
338.73 – 49.32 × MSW + 3.49 × MSW² 0.90 9.4 

337.15 – 49.27 × MSFW + 3.52 × MSFW² 0.90 9.5 

III cut 34 
368.34 – 59.45 × MSW + 4.90 × MSW² 0.94 10.7 

364.0 – 58.47 × MSFW + 4.85 × MSFW² 0.93 11.0 

Neutral detergent fiber (NDF) 

I cut 72 
189.56 + 102.61 × MSW – 8.04 × MSW² 0.81 35.4 

189.33 + 103.91 × MSFW – 8.17 × MSFW² 0.81 35.5 

II cut 35 
147.26 + 113.93 × MSW – 9.14 × MSW² 0.90 17.7 

150.95 + 113.71 × MSFW – 9.19 × MSFW² 0.90 17.9 

III cut 34 
195.30 + 73.49 × MSW – 5.76 × MSW² 0.91 16.9 

200.90 + 72.19 × MSFW – 5.70 × MSFW² 0.91 17.3 

In vitro organic mater digestibility (IVOMD) 

I cut 72 
836.08 – 63.38 × MSW + 4.46 × MSW² 0.86 21.0 

836.60 – 64.41 × MSFW + 4.54 × MSFW² 0.86 20.9 

II cut 35 
820.99 – 47.94 × MSW + 3.22 × MSW² 0.84 13.1 

819.52 – 47.90 × MSFW + 3.23 × MSFW² 0.84 13.1 

III cut 34 
815.20 – 49.97 × MSW + 3.95 × MSW² 0.93 10.4 

811.73 – 49.29 × MSFW + 3.93 × MSFW² 0.92 10.5 

 
The determined R2 and RMSE were very similar within the same growth cycle in all 
regressions for prediction of chemical composition and nutritive value derived for MSW and 
MSFW (Table 1, 2). Those results favor the wider use of MSFW considering that this 
methodology is much simpler than MSW and is more suitable for field work. The only 
difference between the two investigated methodologies is in the procedure of weight 
determination. For MSW determination the dry material is measured, while in MSFW all 
measurements are done on the fresh material.  
 
PEAQ METHOD 
 
Mean stage by weight was the first precise method for evaluation of the important 
parameters of nutritive value. According to Fick et al. (1994) MSW is an accurate predictor, 
but unfortunately such a model is viewed by many as time-consuming for practical use when 
results are needed rapidly. This led to further investigations. Hintz and Albrecht (1991) did a 
comprehensive investigation where aside from MSW they tested 14 different parameters for 
prediction of certain chemical values. As a compromise solution for relatively simple method 
with adequate accuracy they suggested the PEAQ method. This method is also based on the 
cutting of control sample, but for its use it is necessary to determine the length of stems for 
the highest shoot in the sample and the oldest morphological stage by method described by 
Kalu and Fick (1981). Differently from MSW and MSFW methods, PEAQ method uses two 
parameters for prediction. The equations for nutritive value evaluation as given by Hintz and 
Albrecht (1991) are shown in u Eqs [3] and [4]. 
 

CP (g/kg DM) = 307.1 – 0.9 × MAXHT – 8.9 × MAX [3] 



XVII International Symposium “Feed Technology” 

17 

 

NDF (g/kg DM) = 168.9 + 2.7 × MAXHT + 8.1 × MAX [4] 
 
Where MAXHT are the maximum stem length expressed in cm, and the MAX is the oldest 
stage present in the sample. The oldest stage is expressed as number from 0 to 9 according 
to Kalu and Fick (1981). 

Both equations were developed based on 540 samples, equation for CP had R2 0.74 and 
RMSE 21.7, while equation for NDF had R2 0.89 and RMSE 26.2. The validation of this 
method (Owens et al.. 1995; Sulc et al.. 1997) shown that it is adequate only for evaluation of 
NDF and ADF, while it had higher error in prediction of CP in alfalfa. Further investigation of 
the PEAQ method confirmed that the system can be more simplified by decreasing the 
number of stages according to Kalu and Fick (1981), needed for recognition (Sulc et al. 
2001). In the mean stage systems and classical PEAQ system the shoots are classified in 10 
morphological stages while in the simplified PEAQ system shoots are classified in just three 
phases (vegetative, budding and flowering). Also for field use the “PEAQ Stick” showing the 
simplified PEAQ scale with three morphological stages was developed (Božičković et al. 
2015). 
 
NEAR INFRARED SPECTROSCOPY 
 
Near infrared spectroscopy is a spectroscopic method that uses the near-infrared region of 
the electromagnetic spectrum (from about 700 nm to 2500 nm). The wider use of this method 
started with the development of computers since they are required as essential part of the 
apparathus. The procedure involves combining an infrared reflectance spectrophotometer 
with a programmed computer. The system scans the reflectance spectrum of feed and 
correlates the resulting spectra with those of standard samples of known composition that 
have also been scanned by the system. The spectral data are related to the known chemical 
composition of the standard samples by multiple linear regression (Mc Donald et al. 2011). 
Since the spectra as currently used do not have any absolute significance with regard to 
specific chemical structures or components, the system is liable to all the problems inherit in 
predictive regression techniques. Consequently, it is very important to calibrate with 
standards that are as similar as possible to those that are to be evaluated and which contain 
the kind of compositional variation expected in the unknown samples (Van Soest. 1994).  

The accuracy of NIRS evaluation largely depends on the calibration samples. The best 
results are obtained when the calibration samples and investigated samples are from the 
same plant species and when the same kind of feedstuff is evaluated (green mass, hay, 
silage). The calibration set can be purchased or can be created by scanning samples where 
chemical parameters were previously determined with classical analysis and the obtained 
data are stored in the analyzer. Based on such scans the calibrations sets are created. 

According to McDonald et al. (2011), NIRS has the advantages that it is rapid with minimal 
sample preparation, it gives instantaneous results and is non-destructive of the sample, it 
allows simultaneous measurement of several parameters with high precision, and it allows a 
high throughput of samples at low cost per sample. Our experience is that the use of NIRS 
on fresh or dried but not ground samples decreases the accuracy of evaluation, and that it is 
best to dry and grind the sample before analysis.  

In one of our investigations (unpublished work) 143 ground samples of dried green alfalfa 
were scanned and NIRS was used to evaluate CP, crude ash, NDF, acid detergent fiber 
(ADF), ether extract, net energy for lactation and IVOMD. The calibration set for the NIRS 
was about thousand samples with known nutritive value parameters from classical chemical 
analysis. The CP was evaluated with very high precision (R2=0.9774), while other 
parameters had R2 around 0.80, while for crude ash it was quite low (R2=0.52).  
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This method is quickly executed and requires minimal sample preparation, but the equipment 
required is expensive, and the chemical nature of the food constituents contributing to the 
near-infrared spectrum has yet to be established (Mc Donald et al. 2011). 
 

CONCLUSIONS - COMPARATION OF MEAN STAGE, PEAQ AND NIRS 
METHODS 
 
Based on the shown results it can be concluded that all of the presented methods could be 
used as a “decision tool” to predict the right moment for alfalfa harvesting. However, there 
are quite big differences between them based on their application value in practical 
conditions.  

Although NIRS appears to be very useful, due to its high price and calibration problems, its 
use is somewhat limited. High price of the equipment limits its use only in commercial 
laboratories where large number of samples are analyzed. On the other hand, the accuracy 
of evaluation depends very much on calibration set of samples. For example, if scanning of 
fresh material is required it is necessary to have calibration samples from the similar fresh 
material (with chemical analysis), which can be a problem. Vendors sell those machines 
without calibration sets, which are sold separately. Also, the accuracy of calibration sets can 
very often be far from nominal values given by manufacturer. The reason may be in 
geographical or cultivar differences of the calibration set used for calibration.  

Morphological methods appear to be more applicable in the field work. The most suitable 
seem to be PEAQ method, however, its use is limited to the evaluation of NDF and ADF. 
Those parameters are very useful and denote the nutritive value of the material, but they 
cannot be used for accurate evaluation of nutritive value. In that sense, MSW and MSFW are 
much more suitable methods, since those parameters are in high correlation with almost all 
parameters of the nutritive value. The use of MSW is limited with the fact that it is done with 
dried material, which requires a period of about two days. This is the reason why MSFW has 
some advantages compared to MSW. It has the same accuracy but can be done immediately 
after sampling, even on the field. According to our experience MSFW evaluation of one 
sample requires a maximum of 45 minutes. To obtain representative values for the whole 
field it should be done at least in three randomly collected samples. This takes more time, 
but is still much faster method than MSW, and the accuracy in the nutritive value of the 
obtained forage feeds justifies the use of MSFW method.  
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ABSTRACT 
 
The protein quality of foods and feeds depends on the availability of amino acids (AA) in the organism. 
The best method how to determine the availability of AA is the determination of AA digestibility. 
Therefore, a total of 6 cannulated gilts (initial BW 34.8 ± 0.7 kg) fitted with a T-cannula in terminal 
ileum were used for the determination of standardized ileal digestibility (SID) of AA in malting sprouts. 
Animals were fed twice a day with tested diet in a two equal doses at daily rate of 75-80 g.kg 

- 0.75
. 

Water was offered ad libitum. The tested feed was the only source of protein in the diet. After the 14 d 
post-operative period a 6 d adaptation period followed during which the animals were fed an 
experimental diet. On d 7 ileal digesta was collected continuously for 24 h. Chromic oxide (Cr2O3) was 
used as an indigestible marker in an amount of 0.3 % per kg of diet. The SID of AA and N was 
calculated using analytic estimated values of N, Cr2O3, and AA.  
The SID of N was low (30%). The SID of AA ranged from 18 % (tyrosine) to 74 % (aspartic acid) (P < 
0.05). Ileal digestibility for lysine was 61 % and for leucine 58 %. Standardized ileal digestibility of 
essential AA (60.8 %) was 20 % greater (P < 0.05) in comparison with SID of nonessential AA (50.7 
%). The greatest content of standardized ileal digestible AA was for aspartic acid (21.1 g.kg

-1
). 

Cysteine was the 1
st
 limiting and tyrosine the 2

nd
 limiting AA. The content of SID lysine was 7.6 g.kg

-1
.  

In conclusion, the SID of AA in malting sprouts is low, probably as a result of high temperatures used 
during the drying process in the production of malt. 
 
Keywords: malting sprouts, amino acid, digestibility, protein, pig 

 
INTRODUCTION 
 
The protein quality of feeds is characterized by digestibility of amino acids. Amino acids, as 
the main constituents of proteins, are digested in the small intestine and enter in to the body 
through its wall. The best criterion for the determination of amino acid digestibility is ileal 
digestibility. It represents the difference among the dietary amino acids and amino acids 
present at the end of the small intestine (Stein et al., 2007). In pig nutrition, when formulating 
the diets, the content of standardized ileal digestible amino acids is taking into account 
(NRC, 2012). Therefore, it is necessary to know the content and digestibility of amino acids 
in particular feeds fed to pigs. There are many feeds which are used in pig nutrition; cereals, 
pulses, oil seed meals etc. Besides the commonly used feeds, the new feeds, such as co-
products, produced by processing of other feeds can be used in pig nutrition. In most of 
those products the information about their nutrient composition or digestibility is scarce 
(NRC, 2012). Malting sprouts are co-product originating after the production of malt in 
brewers industry. They are possible nutrient source for pigs. In the present study we 
evaluated the ileal digestibility of amino acids and nitrogen in malting sprouts fed to growing 
pigs. 

MATERIAL AND METHODS 
 
Altogether 6 cannulated gilts (initial BW 34.8 ± 0.7 kg) fitted with T-cannula in terminal ileum 
were used for the estimation ileal digestibility of nitrogen and amino acids in malting sprouts. 
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Animals were housed in an experimental balance cages in a climate controlled room with an 
average ambient temperature 20.6 ± 0.2 ºC. After the 14 d postoperative period 6 d 
adaptation period followed during which animals were fed an experimental diet. On d 7 ileal 
digesta was collected continuously for 24 h. The collection of ileal digesta started after 
attaching the plastic bags to the T-cannula at 7.00 a.m. and finished at 7.00 a.m. following 
morning. The samples of ileal digesta were acidified with 6M H2SO4 for minimizing the 
microbial activity and stored at -20 ºC for chemical analyses.  
All experimental procedures were reviewed and approved by the Animal Care Committee of 
the Research Institute of Animal Production Nitra. 
 
Table 1. Composition of experimental diet (g.kg

-1
 as-fed) 

Component Amount per kg of diet 

Malting sprouts 680 

Maize starch 290 

Monocalcium phosphate 8 

Limestone 12 

Salt 4 

Premix* 3 

Chromic oxide 3 
*Provided the following per kg of diet: retinol 1.2 mg; cholecalciferol 25 mg; alpha-tocopherol 10 mg, metadione 

0.2 mg; riboflavin 4 mg; pyridoxine 2.5 mg; d-pantothenic acid 10 mg; niacin 20 mg; folic acid 0.5 mg; biotin 0.1 
mg; cyanocobalamin 30 g; choline 500 mg; Fe 92 mg; Zn 103 mg; Mn 40 mg; Cu 19 mg; Co 0.5 mg; Se 0.16 mg 

 
The sole source of nitrogen was the tested feed in amount of 68.0% per kg of diet (Table 1). 
Chromic oxide we used as digestibility marker in amount of 3 g per kg of diet. Animals were 
fed twice a day at 7.00 and 16.00 h in daily amount of 75-80 g.kg

-0.75
. Water was offered ad 

libitum. 

The content of dry matter, crude protein (AOAC, 1990), chromic oxide (Williams et al., 1962) 
and amino acids in samples of diet and lyophilized samples of ileal digesta was determined. 

The content of amino acids after acid hydrolyses with 6M-HCl and methionine with cysteine 
after oxidative hydrolysis were estimated using automatic analyzer of amino acids AAA 400 
(fy Ingos Praha). 

The standardized ileal digestibility (SID) of N and amino acids were calculated according to 
the following formula:  

SID, % = AID+100*IFL/AAd 
 
where IFL is ileal endogenous flow of AA (g.kg-1 DM) and AAd is content of amino acids in 
ileal digesta (g.kg-1 DM). 

Statistical analyses of experimental data were performed using ANOVA of Statgraphic Plus 
package v. 3.1. (1997). When significant value for treatment effect (P < 0.05) was observed, 
the differences between means were assessed using Fisher's LSD procedure. Analysis of 
covariance was conducted to evaluate the differences among the standardized ileal 
digestibility of amino acids. 

 
RESULTS AND DISCUSSION 
 
There are many co-products originating from food or feed industry which are potential 
nutrient sources in animal nutrition. In spite of this fact the information about digestibility of 
nutrients in some of these products is scarce. Malting sprouts are co-product from brewery 
industry originating from barley after production of malt 

In pig nutrition, the content of standardized ileal digestible amino acids in particular feeds is 
important (NRC, 2012). The analyzed content of crude protein in malting sprouts was 30%, 
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which is greater than 24.5% and 26.5% reported by Petrikovič et al. (2005) or NRC (2012), 
respectively.  

Standardized ileal digestibility of amino acid in malting sprouts ranged (P < 0.05) from 18.4% 
(Tyrosine) to 73.7% (Aspartic acid). The digestibility for lysine, the first limiting amino acid in 
pig nutrition, was 61.4%. For comparison, the lowest ileal digestibility in barley, from which 
malting sprouts are produced, is 73% for alanine (NRC, 2012) while lysine digestibility 
reported in barley was 75% (Amipig, 2000; NRC, 2012). In comparison with the malting 
sprouts the ileal digestibility in soybean meal, the common protein feed in pig nutrition, was 
90% for lysine and the lowest one for methionine (85%) (NRC, 2012). Standardized ileal 
digestibility found in malting sprouts was greater (P < 0.05) for essential amino acids than for 
non-essential. 

The low digestibility of amino acids and nitrogen in malting sprouts is a result of greater 
content of crude fibre (Petrikovič et al., 2005) and of the technological process of barley 
during malting (Briggs, 1998). At the end of the malting process, during the drying, the high 
temperatures from 85 to 105ºC are used (Briggs, 1998). During the heat processing of 

ingredients containing the proteins and sugars, the cross-linking among peptides and sugars 
are formed which are resistant to digestive enzymes (Behm et al., 1988). 

The greatest content of SID AA was for aspartic acid (21.7 g.kg-1) followed by glutamic acid 
(19.7 g.kg-1). From the SID content of essential amino acids the greatest one was for arginine 
(9.3 g.kg-1) and then for leucine (7.9 g.kg-1). Methionine (2.5 g.kg-1) was the first limiting and 
histidine (2.8 g.kg-1) the second limiting amino acid in malting sprouts. For comparison the 
content of SID for leucine in soybean meal is 29.9; for arginine 31.1 and for methionine 7.1 
g.kg-1 (Amipig, 2000). Despite the low SID of AA, the content of SID AA is greater when 
compared with other cereals (barley, wheat or rye) (NRC 2012). 

Table 2. Standardized ileal digestibility of amino acids and nitrogen in malting sprouts 

Item 
Standardized ileal digestibility 

Mean SEM  

    

Nitrogen, % 30.0 4.1  

Arginine, % 71.4 3.7 
ef 

Histidine, % 58.4 5.6 
cdef 

Isoleucine, % 63.2 4.4 
cdef 

Leucine, % 58.1 5.8 
cdef 

Lysine, % 61.4 5.8 
cdef 

Methionine, % 72.9 4.1 
f 

Phenylalanine, % 53.9 5.9 
bcde 

Threonine, % 49.4 7.5 
bcd 

Valine, % 59.1 5.4 
cdef 

   
 

Alanine, % 53.3 6.4 
bcde 

Aspartic acid, % 73.7 3.2 
f 

Cysteine, % 36.8 8.6 
ab 

Glutamic acid, % 64.7 5.3 
cdef 

Glycine, % 37.3 7.6 
b 

Proline, % 66.4 5.5 
def 

Serine, % 46.5 7.2 
bc 

Tyrosine, % 18.4 13.2 
a 

    

Essential amino acids, % 60.9 1.9 
i 

Nonessential amino acids, % 50.7 3.6 
j 

abcdef
 Means in a column followed by different letters were significantly different (P < 0.05) 

ij
 Means in a column followed by different letters were significantly different (P < 0.05) 

SEM – standard error of the mean 
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CONCLUSIONS 

The low standardized ileal digestibility of amino acids in malting sprouts is due to the high 
content of fibre and high temperatures used in the technological processing of barley during 
production of malt however the content of standardized ileal digestible amino acids is greater 
in comparison with other cereal grains used in pig nutrition.  
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ABSTRACT 

Genetically modified plants are now an integral part of the contemporary agriculture. GM maize MON 
88017 contains two novel genes, Cry3Bb 1 for insect resistance and cp4 epsps, which confers 
tolerance to glyphosate. 
The aim of this work was to determine the effect of GM maize MON 88017 in complete mixture for 
rabbits on growth performance and meat quality. In the experiment we tested genetically modified 
maize (MON 88017), isogenic maize (DKC 5143) and reference hybrid of maize (PR36D79) growing 
on allotment Research Institute of Plant Production Piešťany. Seventy two rabbits (Hycola, 5 weeks 
old) were divided into 3 experimental groups and fed with complete granulated mixtures enriched with 
12% maize per 100 kg mixture ad libitum with free access to water. During the experiment general 
health status and feed conversion were examined. After slaughter the samples of Musculus 
longissimus dorsi (MLD) were collected immediately, stored at 5°C for 24h and physico-chemical 
analyses were made. In the feeding experiment no significant differences in the average daily weight 
could be stated between the groups receiving GM and transgenic maize (36.88 g and 36.95 g 
respectively). The results of chemical analysis MLD muscles showed the highest content of total 
proteins (21.8 and 21.9 g. 100 g

-1
), higher energy value of the meat was in the group which was fed 

with GM maize. The fatty acid and amino acids patterns of MLD muscles demonstrated similar 
proportions at feeding of both maize hybrids. 
 
Keywords: genetically modified maize, profile of meat, amino acids, fatty acids  

 

INTRODUCTION 
 

GM maize MON 88017 expresses a variant of the wild-type Cry3Bb1 protein from Bacillus 
thuringienisis that protects against feeding damage caused by corn rootworm larvae (CRW; 
Diabrotica sp.) and expresses a 5-enolpyruvylshikimate-3-phosphate synthase protein from 
Agrobacterium sp. strain CP4 (CP4 EPSPS), which confers tolerance to the Roundup family 
of agricultural herbicides.  

The field trials and compositional analyses showed that MON 88017 had similar agronomic 
characteristic and composition as conventional corn hybrids (McCann et al., 2007). No 
adverse effects were united when diets containing grain from MON 88017 were administered 
to rats (Healy et al., 2008). 

The aim of this work was to determine the effect of GM maize MON 88017 in complete 
mixture for rabbits on growth performance and meat quality. 

 



XVII International Symposium “Feed Technology” 

25 

 

MATERIAL AND METHODS 
 
In this experiment, GM maize with glyphosate tolerance and corn rootworm larvae 
(Diabrotica spp.) resistance grown at the Research Institute of Plant Production Piešťany in 
2009 was tested. Seventy two rabbits (males, hybrid Hycola, 35 days old) were selected for 
the experiment and separated into 3 experimental groups. The animals in the 1st 
experimental group were fed granulated feed mixture enriched with 12% of GM maize MON 
88017 per 100 kg (1 EG); in the 2nd group (2 EG) the animals were fed granulated feed 
mixture containing 12% of isogenic maize DKC 5143; and the animals in the 3rd group (3 
EG) were given granulated feed mixture containing 12% of reference hybrid of maize 
PR36D79. The composition of the feed mixtures and the determined nutrient content are 
presented in Table 1. 

Animals were placed in standard cages (0.61 m x 0.34 m x 0.33 m), two animals per cage. 
The rabbits were fed granulated feed mixture ad libitum and had unlimited access to water. 
The trial lasted 42 days, during which the live weight gain and feed conversion were 
monitored weekly and the health of the rabbits was monitored daily. At 65 days of age, 5 
animals from each group were selected for a 6 day balance trial for nutrient digestibility 
determination according to Meartens and Lebas (1989). Animals were placed in balance 
cages modified for separated and continuous faeces collection. At the age of 77 days (42 
days since the beginning of the experiment) the animals were slaughtered. The contents of 
the caecum were collected from 3 animals from each group and the pH value, ammonia 
content, fatty acid content, and lactic acid content were determined. 

From 3 animals from each group, in addition to the caecum the back muscle Musculus 
longissimus dorsi (MLD) was taken, and the skin, fat, and connective tissues were separated 
from the samples of the muscle. Muscle samples were cooled for 24 hours at 4°C, after 
which the physio-chemical parameters were determined. Value pH was assessed by 
combined glass-gel electrode and apparatus Radelkis OP-109 24 hours post mortem. 
Content of water, proteins and intramuscular fat in muscular substance was analysed by 
Infratec 1265 apparatus. Water holding capacity was determined by pressure method as 
described by Grau-Hamm in an apparatus modified by Hašek and Palanská (1976). Energy 
value in Musculus longissimus dorsi (MLD) was calculated using the following formula:  
EV (kJ/100 g) = (16.75 x protein content)+(37.68 x fat content). 
 
Table 1. Composition and nutritive value of the rabbit feed mixtures 

 
Feed 

% 
Parameter 

(g. kg
-1

) 
1 EG 

MON 88017 
2 EG 

DKC 5143 
3 EG 

PR36D79 

Lucerne meal 41.0 Dry Matter 901.8 895.8 895.6 

Dried beet pulp 10.0 Crude protein 172.8 168.1 171.4 

Rapeseed oil cake 20.0 Crude fibre 179.2 183.0 189.2 

Wheat  3.0 Fat 38.4 35.6 32.6 

Dried Apple pomace 9.0 N-free extract 432.2 438.8 428.3 

Maize 12.0 Organic matter 822.6 821.6 821.6 

Molasses 0.4 Starch 154.2 157.6 160.1 

Minerals and 
Vitamins* 

3.2 Ca 9.3 6.7 9.6 

Rape oil 1.0 P 6.9 4.1 3.7 

Limestone, 
pulverized 

0.4 
ME (MJ. kg

-1
) 9.4 9.2 9.0 

*Provided per kg diet: vit. A 12000 IU; vit.D2 2500 IU; vit. E 20 mg; vit.B1 1.5 mg; vit. B2 7.5 mg; vit. B6  4.5 mg; 
vit.B12 30 µg; vit.K 3 mg; nicotic acid 45 mg; folic acid 0.8 mg; biotin 0.08 mg; choline chloride 450 mg; premix 
minerals: Ca 9.25 g; P 6.2 g; Na 1.6 g; Mg 1.0 g; K 10.8 g; Fe 327.5 mg; Mn 80 mg; Zn 0.7 mg 

 
The extraction of lipids for fatty acid analysis was performed with petrolether. Fatty acid 
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methyl esters (FAME) were prepared using the modified procedure of Juárez et al. (2008) 
and determined by gas chromatography on GC 6890N (Agilent, Technologies) using wide 
bore columns with an ID of 0.53 mm and a length of 30 m with a stationary phase (50% 
cyanopropylphenyl-methylpolysiloxane). The relative proportion of each fatty acid was 
expressed as the relative percentage of the sum of the total fatty acids. For macro and micro 
elements analysis samples were ashed at 550 °C, the ash was dissolved in 10 ml of HCl 
(1:3) and minerals were determined by the atomic absorption spectrometry (AAS) method, 
phosphorus content was determined by molybdovanadate reagent on Camspec M501. 
Mineralized samples were analysed for Ca, P, Mg, Na, K, Fe, Zn, Cu and Mn content. For 
mineral contents determination was used the spectrometer AAS iCE 3000 (Thermo, UK). 
The amino acids composition of diet was analyzed by ion-exchange chromatography on AAA 
(Ingos Prague, Czech Republic) after acid hydrolysis 6M HCl and methionine and cystine 
after oxidation hydrolysis. 

The results were expressed as mean ± standard deviation (SD); statistical evaluation of the 
results was performed by the one-way ANOVA and Tukey test for multiple comparisons at 
the level of significance p≤ 0.05. 
 

RESULTS AND DISCUSSION 
 
In the feed experiment, no differences in feed conversion, average daily live weight gain, and 
growth performance were found between the groups fed the granulated mixtures of the 
tested maize variants (Table 2). The highest live weight gain (39 g/day) was observed in the 
group fed the reference maize PR36D79, in which also the highest ratio of feed consumed 
for a kilogram of live weight gain was observed. 

Table 2. Results of the feed trial on rabbits 

Parameter, n=24  1 EG  
MON88017 

2 EG  
DKC 5143 

3 EG  
PR36D79 

Daily live weight gain (g/day) 36.9 36.9 39.0 

Feed conversion 3.0 3.1 3.2 

Yield (%) 57.3 57.8 57.8 

 
A significant parameter of meat quality is the pH 24 value, which affects water binding 
capacity, color of the meat and its tenderness, and thus plays a key role in sustaining meat 
quality during storage and the length of shelf life. As presented in Table 3, no differences 
between the pH values of the experimental groups were determined. 

Table 3. Rabbit meat quality characteristics (Musculus longissimus dorsi – MLD) 24 h post mortem 
(x±SD) 

Parameter  
n=3 

 1 EG 
MON88017 

2 EG 
DKC 5143 

3 EG 
PR36D79 

Water (g.100g
-1

) 75.4±0.1 75.6±0.5 75.7±0.4 

Crude protein (g.100g
-1

) 21.8±0.1 21.9±0.2 21.6±0.1 

Fat (g.100g
-1

) 1.8±0.1 1.5±0.3 1.6±0.3 

Energy value (kJ.100g
-1

) 433.5±1.3 423.3±14.9 423.9±12.9 

pH 24 5.6±0.0 5.6±0.0 5.7±0.0 

Electrical conductivity (μS) 0.9±0.0 1.5±0,8
a,C 

0.6±0.4 

Water holding capacity (g.100g
-1

) 29.5±6.7 29.3±5.9 30.8±3.8 
Differences between the values in rows marked (a, b, c) are statistically significant for value of significance 
P<0.05; (A,B,C) are statistically significant for value P<0.01 

Feeding GM maize to the rabbits had no influence on the other characteristics of meat 
quality. The only statistically significant differences were found in the electrical conductivity, 
which was the lowest in the experimental group fed the conventional maize.  

Energy value of meat is closely tied to protein and fat content. The values of protein and fat 
in the meat are in the range as mentioned Dalle Zotte (2002). The highest energy value was 
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determined in the experimental group fed the feed mixture enriched with GM maize. The 
meat from this group had higher fat content (1.8 g.100g-1) compared to the group fed the 
mixture containing isogenic maize (1.5 g.100g-1) as well as the group fed the mixture with 
reference maize. 

Table 4. Macro and microelements content in Musculus longissimus dorsi (MLD) 24h post mortem 
(original mater) 

n=6 
1 EG 

MON88017 
2 EG 

DKC 5143 
3 EG 

PR36D79 

(g.kg
-1 

) 

Calcium 0.3±0.1 0.2±0.0 0.3±0.1 

Phosphorus 1.3±0.0 1.4±0.1 1.7±0.2
A,B 

Magnesium 0.3±0.0 0.3±0.0 0.3±0.0 

Sodium 0.3±0.0 0.3±0.0 0.3±0.0 

Potassium 3.9±0.1 3.9±0.1 3.8±0.1 

(mg.kg
-1 

) 

Iron 6.2±2.0 4.9±2.8 6.5±2.8 

Zinc 28.3±4.3
B,C 

16.2±0.9 17.6±2.8 

Copper 2.5±0.3 5.0±1.0
A,C 

2.0±0.6 
Differences between the values in rows marked (A,B,C) are statistically significant for value of significance P<0.01 

 
Rabbit meat is low in sodium and iron, the phosphorus level is high (Nistor et al., 2013). A 
significant difference in the mineral content between the experimental group fed the feed 
mixture with GM maize and the group fed the feed mixture with isogenic maize was found 
only in Zn and Cu content (Table 4). A difference in the content of these elements was, 
however, also found between these groups and the group fed the mixture with reference 
maize. The highest phosphorus content (1.75 g.kg-1) was in the meat of rabbits fed the 
mixture with reference maize. The meat of the group fed the isogenic maize had the lowest 
calcium content (0.24 g.kg-1). 
 
Table 5. Fatty acids content in Musculus longissimus dorsi (MLD) 24h post mortem (% from ∑FA) 

n=3 MON 88017 DKC 5143 

C10:0 0.3±0.1 0.3±0.1 

C12:0 0.3±0.1 0.3±0.1 

C14:0 2.5±0.3
 

2.5±0.2 

C16:0 26.3±1.7
 

28.0±1.8 

C18:0 5.1±0.5
 

5.1±0.1 

C20:0 1.5±0.6
 

1.9±0.4 

C22:0 0.5±0.2 0.7±0.2 

Σ saturated FA 36.4±1.7
 

38.8±1.4 

C16:1n-7 2.3±0.7 2.5±0.5 

C18:1n-9 29.8±0.8
 

30.5±1.0 

Σ monounsaturated FA 32.1±0.8
 

32.9±0.5 

C18:2n-6 26.1±1.6 23.2±1.8 

C18:3n-3 4.7±0.4
 

4.2±0.6 

C20:4n-6 0.9 ±0.6 0.8±0.3 

Σ polyunsaturated FA 31.6±2.4 28.3±1.5 

PUFA/ SFA 0.87 0.73 

 
Rabbit meat contains mostly saturated fatty acids and polyunsaturated fatty acids 
(Hernández, 2008). Monounsaturated fatty acids are represented less. The fatty acids 
composition in the meat of the rabbits fed the feed mixture with 12% maize content is 
presented in Table 5. In the meat of rabbits fed the mixture with GM maize, the saturated 
fatty acids content was lower (36.4% of total fatty acids) than in the group fed isogenic maize 
(38.8% of total fatty acids). On the other hand, the polyunsaturated fatty acids content in the 
experimental group fed GM maize was higher (31.6% of total fatty acids) than in the group 
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fed isogenic maize (28.3%). The highest values determined were that of oleic acid, palmitic 
acid and linoleic acid. 

Amino acid content and biological value of rabbit meat depends on weaning (Bivolarski et al., 
2011). Between the content of the particular essential and nonessential amino acids of 1 EG 
and 2 EG minimal differences were found (Table 6), with the exception of histidine, the 
content of which was lower in the 1 EG (3.8 g.16g-1 N) compared to 2 EG (4.2 g.16g-1 N). 
More significant differences in the amino acid content were found in the group fed 
conventional maize. The content of both essential and nonessential amino acids was highest 
in this group (99.9 g.16g-1 N). 
 
Table 6. Amino acids content in Musculus longissimus dorsi (MLD) 24h post mortem (g.16g

-1 
N original 

content) 

n=6 
1 EG 

MON 88017 
2 EG 

DKC 5143 
3 EG 

PR36D79 

Thr 4.6±0.2 4.6±0.1 5.5±0.2
A,B 

Val 5.0±0.1 5.0±0.1 5.6±0.2
A,B 

Isoleu 4.6±0.1 4.6±0.1 5.0±0.2
A,B 

Leu 7.8±0.2 7.7±0.1 8.6±0.1
A,B 

Tyr 3.3±0.1 3.3±0.1 3.4±0.1 

Phe 3.9±0.1 3.9±0.1 4.2±0.1
A,B 

His 3.8±0.2
B,C 

4.2±0.1 4.2±0.1 

Lyz 8.8±0.2 8.8±0.1 9.7±0.2
A,B 

Arg 6.8±0.2 6.8±0.1 7.4±0.1
A,B 

Met 2.7±0.1 2.7±0.0 2.7±0.1 

Cys 1.0±0.0 1.0±0.0 1.0±0.0 

ΣEAA 52.5±1.3 52.6±0.5 57.3±1.1
A,B 

Asp 8.8±0.2 8.8±0.1 9.3±0.3
A,B 

Ser 3.6±0.2 3.6±0.1 3.7±0.1 

Glu 14.0±0.5 13.8±0.3 15.7±0.3
A,B 

Pro 3.4±0.1 3.4±0.2 3.6±0.1 

Gly 4.1±0.1 4.2±0.1 4.7±0.2
A,B 

Ala 5.2±0.1 5.2±0.1 5.6±0.1
A,B 

ΣNEAA 39.1±1.0 39.0±0.2 42.6±0.5 

ΣAA 91.6±2.2 91.6±0,7 99.9±1.6 
Differences between the values in rows marked (A,B,C) are statistically significant for value of significance P<0.01 

 
Table 7.Quantitative parameters in caecum 

Parameter (n=3) 
PS 1 

MON 88017 
PS 2 

DKC 5143 
PS 3 

PR 36D79 

pH 6.14±0.35 6.12±0.29 6.57±0.34 

N-NH3 (mmol.l-1) 11.62±5.72 11.46±7.03 17.75±5.57AB 

Lactic acid (g.100g
-1

) 0.04±0.00 0.04±0.00 0.07±0.00 A,B 

VFA in caecum (mmol.100g
-1

) 

Acetic acid 3.99±0.48C 3.15±0.55 2.94±0.08 

Propionic acid 0.26±0.07b,c 0.19±0.05 0.21±0.06 

Butyric acid 0.77±0.15 0.73±0.09 0.36±0.01A,B 

Other VFA 0.11±0.01bc 0.09±0.01 0.09±0.01 
Differences between values in line marked by different letters (a,b,c) are significant on level P<0.05; (A,B,C) are 
significant on level P<0.01 
 

CONCLUSION 

Inclusion of the GM maize into the feed mixture for rabbits (12% of GM maize per kilogram of 
the feed mixture) had no negative influence on live weight gain, feed conversion, nutrient 
digestibility, carcass yield, meat quality and fermentation process parameters in caecum. 
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Results of this study suggest that lean rabbit meat could be a high quality protein source due 
to its well-balanced essential amino acids composition. 
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ABSTRACT 
 
The aim of this study was to evaluate the effects of different agro-industrial by-products in diets and to 
determine the nutritive value and energy contained in feeds for meat production and the biochemical 
parameters in the digestive tract of rabbits. The fattening experiment was started at 35 days of rabbits’ 
age and finished by the achievement of 2 500 ± 50 g of live weight (no later than at 84 days of rabbits’ 
age). Rabbits had ad libitum access to complete granulated diets and water during test time. Research 
was carried out with two meat rabbit lines.  
The utilization of agro-industrial by-products may be economically worthwhile, since conventional 
feedstuffs are often expensive. Several factors - such as pollution abatement and regulations, 
increasing costs of waste disposal and changes in perception of the value of by-product feedstuffs as 
economical feed alternatives - have led to increased interest in by-product feedstuffs. In all groups the 
animals were of comparable growth performance, health status (morbidity, mortality). However, total 
caecal VFA concentration was significantly higher (P≤0.01) and the pH lower in rabbits fed dried sugar 
beet pulp, wheat bran, dried apple pomace diet than in the caecum of other rabbits (P≤0.01). Similarly, 
caecal ammonia concentration decreased when rabbits received diet with dried sugar beet pulp 
(P≤0.01). 
 
Keywords: feed by-product; rabbits; growth; meat quality 
 

INTRODUCTION 
 
Many by-products have a potential value as animal feedstuffs. The utilization of agro-
industrial by-products may be economically effective, since conventional feedstuffs are often 
expensive. Several factors – such as pollution abatement and regulations, increasing costs 
of waste disposal and changes in perception of the value of by-product feedstuffs as 
economical feed alternatives – have led to increased interest in by-product feedstuffs. The 
rabbit with its particular digestion equipment – by way of ceacotrophy – is able to utilize feeds 
of poorer nutritive matter and richer crude fiber. Numerous by-products originate from feed 
industry processing in the agricultural production, which can be taken into account in rabbit 
feeding. One group of these by-products is characterized by low level of nutritive matter and 
high fiber content (wheat straw, corn-cob, corn stalk, sunflower hull, bean straw). The 
components of the other group (wheat bran, dried beetroot slice, tomato stalk, apple 
pomace) are characterized by high fiber content and considerable nutritive value 
(Abdollahzadeh et al., 2010; Vendruscolo et al., 2009; Denek et Can, 2006). Apple pomace 
(AP) is a by-product of apple juice production in Slovak Republic (Ondrejovič et al., 2005); 
the juice-making industry produces more than 20 000 tons of AP annually. The chemical 
composition of AP is characterized by a high content of moisture and sugar, together with a 
low content of crude protein (Alibes et al., 1984; Gasa et al., 1992; Kennedy et al., 1999). 
Lastly, beet and citrus fruit pulp offer fiber that is particularly digestible (40 to 70%) (Xiccato, 
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1996). Distiller dried grains with solubles (DDGS) are the primary by-product of ethanol 
production from maize dry milling of cereal grains or other crops. They have become more 
available as an ingredient for animal feed following an increase in concentrations of nutrients 
such as protein, fat, vitamins, minerals and fiber (Widyaratne and Zijlstra, 2007).  
The aim of this study was to evaluate the effects of different agro-industrial by-products in 
diets and to determine the nutritive value and energy contained in feeds for meat production 
and the biochemical parameters in the digestive tract of rabbits. 
 

MATERIAL AND METHODS 
 
A total of 96 male weaned rabbits (35th day of age, the meat line M91 and P91) were divided 
into 4 similar groups, 24 animals in each group. Rabbits were kept in standard metal cages, 
two animals per cage. Rabbits had ad libitum access to complete pellets (3.5 mm diameter) 
and water for the duration of the experiment. 

The diet formulations for all groups are presented in Table 1. The experimental group 4 can 
be classified as a control group. The samples of individual feeds were analyzed for nutrient 
content according to AOAC (2000) procedures. The experiment lasted 42 days until the 
animals attained the slaughtering weight ≈2500 g. Body weight and feed consumption were 
registered weekly. In the fattening experiment, the growth of live weight and feed intake per 
unit of live weight growth were studied. The content of digestible energy (DE) was calculated 
according to the equation of Wiseman et al. (1992). The content of metabolizable energy 
(ME) value of feed mixture was caltulated by the equation of ME (MJ. kg-1) = 0.95 * DE. 
Between 65 and 70 days of age, 5 rabbits from each group were selected for digestibility 
tests using the balance method. The digestibility test was performed in accordance with the 
recommended methodology. Three animals per each group (n=3) were slaughtered at the 
end of the experiment. Physico-chemical characteristics in rabbit meat muscles (m. long. 
dorsi - MLD) 24 h post mortem were determined by standard method according to the norm 
STN 57 0185. The samples of MLD were homogenized and analyzed for individual nutrients. 

The pH at 24 hours post mortem was measured by portable pH-meter Radelkis OP-109 with 
a combined electrode penetrating 3 mm into the muscle. Protein and fat content were 
estimated using an INTRATEC 1265 spectroscope and expressed in g.100g-1, the gross 
energy value of meat was calculated: 
 

Energy value (kJ.100g-1) = (16.75 x total protein content + 37.68 x total fat content). 
 

The fatty acid composition of individual feeds and meat muscles MLD fat of the rabbits were 
determined (Metzger et al., 2006) using gas chromatograph with a flame ionization detector 
(FID) through the retention times of the fatty acid methyl esters (FAME) content in a standard 
mixture for each fatty acid. Content of amino acids in feeds was analyzed by ion-exchange 
chromatography on AAA (Ingos Prague, Czech Republic) after acid hydrolysis with 6 M HCl, 
methionine and cystine after oxidation hydrolysis. 

For macro and micro element analysis, samples (2 g) were ashed at 550 °C, the ash was 
dissolved in 10 ml of HCl (1:3) and minerals were determined using the atomic absorption 
spectrometry (AAS) method, phosphorus content was determined by molybdovanadate 
reagent on Camspec M501 (Spectronic Ltd, UK). Mineralized samples were analyzed for Ca, 
Mg, Na, K, Fe, Zn, Cu and Mn content. The spectrometer AAS iCE 3000 (Thermo, UK) was 
used for mineral content determination. 

The caecal chymus (15g) was collected post mortem immediately and samples were 
analyzed for pH (Jenway 3310 pH meter) and volatile fatty acid values (molar production of 
acetate, propionate, butyrate, valerate, capronate (mmol.1-1) were determined using gas 
chromatography, and content of lactic acid (g.100g-1). The N-NH3 (mmol.100g-1) was 
measured using the method described by Conway (1962). Mortality was determined at the 
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end of the experiment. Data were evaluated by two-way analyses of variance (ANOVA). The 
significance of differences was compared by the t-test. 

Table 1. The composition of the experimental diets of rabbits, content of nutrients and energetic value 
of pelleted feed mixtures are expressed in kg of original mass 

  
 Ingredients in % 

Experimental groups 
traits in g.kg

-1
 

             Experimental groups 
1 2 3 4 1 2 3 4 

 Lucerne meal  41 15.2 14.5 41  Dry matter 885.3 904.8 895.3 901.8 
 Barley 0 4.5 4.3 0  Crude proteins 164.1 171.4 178.4 164.7 
 Wheat bran  32 15 14 0  Crude fiber 171.7 173.6 146 218.2 
 Sugar beet pulp 0 10 9.5 19  Crude fat 33 41.4 43.5 22.1 
 Apple pomace  0 10 9.5 0  Ash 69.6 70.4 63.9 65.4 
 Oats 12 8 7.5 2.8  NFE 446.9 448 463.5 431.4 
 Maize 0 0 0 11  Organic matter 815.7 834.4 831.4 836.4 
 Dried malt sprouts 0 6 5.7 0  ADF 217 210.3 189.7 202.2 
 Olive press cakes  0 3 3 0  NDF 370 365.1 317.8 293.1 
 Sunflower meal  7 18 17 0  Lys 6.8 9.1 9.3 7.77 
 Rapeseed meal 0 0 0 20  Met+Cys 4.4 5.8 5.9 7.04 
 DDGS from maize 0 5 10 0  Calcium 9.3 6.7 8.2 10.7 
 Heat treated soya  5 0 0 0  Phosphorus 6.9 4.1 4.1 4.1 
 Rape oil  0.8 1.7 1.7 0  Magnesium 2.8 2.1 2.1 2.8 
 Carob meal 0 0.6 0.3 3*  Sodium 1.2 1.1 1.1 1.3 
 Premix* 2.2 3 3 3.2 ME (MJ.kg

-1
 ) 10.4 10.8 11.1 8.15 

*Premix contains per kg: vit. A 12000IU; vit. D2 2500 IU; vit. E 20 mg; vit. B1 1.5 mg;  vit. B2 7.5 mg; vit. B3 45 mg;  
vit. B6   4.5  mg; vit. B12 30 µg; vit. K 3 mg; folic acid 0.8 mg; biotin 0.08 mg; Choline chloride 450 mg; Premix 
minerals (per kg diet) Ca 9.25 g; P 6.2 g; Na 1.6 g; Mg 1.0 g; K 10.8 g; Fe 327.5 mg; Mn 80 mg; Zn 0.7 mg 

 

RESULTS AND DISCUSSION 
 
The study was realized at the National Agricultural and Food Centre, Research Institute for 
Animal Production Nitra, at the Institute for Nutrition, and at the Institute of Small Farm 
Animals. In all groups of animals the growth intensity and health status (morbidity, mortality) 
was compared. The aim of work was to study fibre at three different levels of diets for 
growing rabbits (14.6 %, 17.4% and 21.8%). The reduction of fibre level decreased mortality 
(count of 2, 1, 0 resp.). The best results were registered in EG3 with 10% level DDGS from 

maize in diet (Table 2). The inclusion of different agriculture by-products into feed mixture 

for rabbit fattening did not negatively influenced biochemical parameters and the quality of 
rabbit meat with the exception of the fatty acid composition in MLD (Table 3). It indicates that 
DDGS from maize, dried sugar beet pulp, wheat bran, dried apple pomace and dried malt 
sprouts are suitable for utilization in rabbit husbandry during rabbit fattening phase. All 
studied values in content of organic and mineral substances kept within the physiological 
range for rabbit metabolism. The animals manifested no pathological changes.  
 
Table 2. Characteristics of average growth performance and carcass of growing rabbits  

Parameter EG1 EG2              EG3             EG4 
Number of animals in groups 24 24 24 24 
Initial weight in g 894 845 970 905 
Live weight on 56th day of age in g  1670 1734 1815 1595 
Final weight in g  2538 2504 2612

ab
 2500 

Feed conversion ratio per kg gain 3.43 3.59 3.46 3.49 
Mortalita (n) 1 1 2 0 
Daily gain in g 39.14 39.51 40.24

c
 37.98 

Carcass yield %   59.46 59.44 59.39 58.37 
Age in days achieving 2500 g live weight 75.80 76.99 72.87 71.54 

abc
P<0.05 significantly different  



XVII International Symposium “Feed Technology” 

33 

 

 
The data on VFA concentrations show that the most intensive process was in the caecum of 
rabbits in experimental group EG1 (Table 4). The content of ammonia-N affects in the 
caecum chymus influenced pH value. High concentrations of ammonia-N in the caecum were 
determined in EG4 (14.06 mmol.l-1 in the rabbit caecum chyme). The lowest pH was 
measured in the caecum of rabbits with the supplement of DDGS in mixtures (EG2 and 
EG3). High concentrations of acetic acid, propionic acid, butyric acid and lactic acid were 
determined in the caecum of rabbits with the supplements of different levels of agricultural 
by-products (Table 1), while total volatile fatty acid production, during a period of starch 
degradation process, was highest in EG1 (supplemented with wheat bran) (Table 4).  
 
Table 3. Physico-chemical characteristic of rabbit meat (MLD) 24 h post mortem 

Parameter (g.100g
-1

) EG1 EG2              EG3             EG4 

Content of water 76.0 75.1 75.94 75.55 
Total proteins 21.7 22.51 22.04 22.53 
Proportional essential AA % 52.01 52.5 52.36 52.3 

Proportional non essential AA % 47.99 47.5 47.64 47.7 
Content of fat 1.4 1.18 1.22 1.9 
Energetic value (kJ.100g

-1
) 417.6 409.9 411.8 448.9 

pH24 5.68 5.59 5.64 5.55 

Water holding capacity 32.01 34.15 29.94 30.74 
Fatty acids composition (% of total fatty acids) 

SAFA 39.1 41.78 38.73 47.82 
MUFA 40.84

C
 39.12

C
 33.13 32.32 

PUFA 20.06 19.10 28.14
ABD

 19.86 
  ω6 16.78 14.95 24.28

ABD
 16.88 

  ω3 3.28 4.14
AD

 3.86 3.0 
  ω6:ω3 5.116

B
 3.602 6.290

B
 5.55 

ABC
P<0.01 significantly different 

SAFA: saturated fatty acids, include C8:0, C10:0, C12:0, C14:0, C16:0, C18:0, C20:0, C22:0, C24:0 
MUFA: monounsaturated fatty acids, include C16:1 n-7, C18:1 n-9c, C22:1 
PUFA: polyunsaturated fatty acids, include C18:2 n-6, C18:3 n-3, C20:4 n-6 
 

Table 4. Fermentation characteristics in the caecum of rabbits 

Parameter (n=3) EG1 EG2              EG3             EG4 

pH 6.12 5.76 5.76 5.86 

N-NH3 (mmol.1
-1

) 10.36 10.13 10.79 14.06 

Lactic acid (g.100g
-1

) 0.056 0.036 0.036 0.057 
Volatile fatty acids (VFA) in caecum (mmol.100g

-1
) 

Acetic acid 5.196 4.075 4.42 4.25 
Propionic acid 0.331 0.257 0.274 0.527 

Butyric acid 1.58
b
 1.0278 1.558

b
 1.286 

Other VFA 0.163 0.134 0.199 0.178 
Total VFA 7.27

bcd
  5.50 6.45 6.24 

Differences between values (a,b,c,d) are significant on level P<0.05 

 
Table 5. Coefficient of nutrients digestibility in % 

Parameter (n=5) EG1 EG2              EG3             EG4 
Crude proteins 72.1 69.8 75.6 

ab
 74.33 

Crude fibre 23.5 30.7
a
 33.1

A
 23.26 

Crude fat 77.7 80.0 90.8
AB

 73.57 

Organic matter 58.8 63.4 70.7
Ab

 61.35 
Differences between values (a,b) are significant on level P<0.05; (a,b) or on level P<0.01; (A,B) 
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Protein digestibility coefficients reached narrow range of 69.8 to 75.6% (Table 5) which was 
similar to the data of Ondruška et al. (2011) and Bielaňski et Niedžwiadek (1993). Feed 
mixtures differed in digestible energy (DE) content of crude protein, crude fiber and fat were 
similar to results presented in paper Oreopoulou and Tzia (2007). 

Higher content of crude fiber decreases index digestibility of organic matter, crude protein 
and fat in the mixture. 

Growth intensity and health status parameters were similar in all groups without significant 
differences among observed groups. 
 

CONCLUSION 
 
Based on our results we conclude: 
With increased nutrient content and energy in feed mixture the time for fattening period is 
shortened and conversion (the feed consumption per unit of live weight) decreased.Higher 
content of crude fiber decreases index digestibility of organic matter, crude protein and fat in 
the mixture. Higher amino acid ratio have positive effect on feed intake and growth rate. 
DDGS from maize are a good source of protein and energy of rabbits. Rabbit feeding with 
5% and 10% proportion of DDGS from maize in feed mixture during fattening does not 
represent threat to it. However, total caecal VFA concentration was significantly higher and 
the pH was lower in rabbits fed with dried sugar beet pulp, wheat bran and dried apple 
pomace diet than in the caecum of other rabbits. Similarly, caecal N-NH3 concentration was 
decreased when rabbits received diet with dried sugar beet pulp. 
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ABSTRACT 
 
The aim of presented paper was to evaluate influence of different concentrations of co-extruded 
linseed and sunflower meal, as a source of omega-3 fatty acids, on quality and nutritive value of 
produced laying hens’ eggs. This experiment included three groups (control and two experimental) of 
135 hybrid "BOVANS" laying hens from 36 to 40 weeks of age. Complete mixtures were formulated for 
all groups of laying hens and composed of conventional raw materials with the addition of co-extruded 
linseed and sunflower meal in the diet for experimental groups. First experimental feed contained 14% 
of linseed-sunflower meal co-extrudate, which means 7% of extruded linseed. Second experimental 
feed contained 20% of linseed sunflower meal co-extrudate, which means 10% of extruded linseed. 
The obtained results has shown that fatty acid compositions of the yolk lipids were significantly 
(p<0.05) influenced by the experimental diets. The major effects of the diet were observed in α-
linolenic, docosahexaenoic and eicosapentaenoic acid. It was also noticed that saturated fatty acid 
content of egg yolk lipids of both experimental groups significantly decreased (p<0.05) in comparison 
with control group for both feeding periods. Also, the addition of co-extruded linseed and sunflower 
meal to the hens’ diet caused significant decrease in n-6/n-3 ratio. 
 
Keywords: linseed, eggs, diet, α-linolenic, omega-3 FAs  

 
INTRODUCTION 
 
Eggs have been consumed all over the world as highly nutritious food. In spite of the fact that 
eggs contain all essential nutrients, their consumption has been decreased due to risk of 
high cholesterol level. According to recent studies there is no strong evidence which confirms 
the relationship between egg consumption and increase in blood level cholesterol (Lee and 
Griffin, 2006). Laudadio et al. (2015) reported that the content of cholesterol derived from 
food is much lesser than the cholesterol which is synthesized by humans. The nutritional 
profile of eggs can be improved significantly through dietary manipulation. Many studies have 
revealed that some feed compounds, with important health benefits, can be transferred from 
hens’ feed into the egg yolk (Bean and Leeson, 2003; Khan et al., 2012). The improvement 
of nutritional profile of eggs can be achieved by the addition of nutrients such as n-3-fatty 
acids (FAs), minerals and vitamins. 

The content of the n-3-PUFA in the human diets can be increased with consumption of table 
eggs enriched with highly polyunsaturated fatty acids (PUFAs) from the omega-3 series (n-
3). These fatty acids have various positive effects on health, including prevention of 
cardiovascular diseases, arthritis and diabetes (Simopoulos, 2000). α-linolenic acid (ALA, 
C18:3n-3), eicosapentaenoic acid (EPA, C20:5n-3), and docosahexaenoic acid (DHA, 
C22:6n-3) are seen as nutritionally highly important n-3 FAs. α-linolenic acid is essential FA 
which must be derived from the diet (Whelan and Rust, 2006, Čolović et al., 2015a). ALA is 
precursor of EPA and DHA, therefore it can be converted into these FAs which are excreted 
with the egg yolk afterwards (Ebeid, 2011). Among the numerous dietary supplements for 
laying hens, linseed (Ahmad et al., 2013), fish oil (Kralik et al., 2008) and marine algae 
(Lemahieu et al. 2013) are reported to contribute successfully to enhancing n-3 PUFA 
content in egg yolk. 
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The main goal of the present study was to evaluate the influence of co-extruded linseed and 
sunflower meal, as a source of omega-3 fatty acids on quality and nutritive value of produced 
laying hens’ eggs. 

MATERIAL AND METHODS 

This experiment included three groups (control and two experimental) of 135 hybrid 
"BOVANS" of laying hens. The birds were fed the diets formulated on the basis of corn, 
soybean and alfalfa meal, and supplemented with co-extruded linseed and sunflower meal 
for the experimental groups. Experimental diet I contained 14% of co-extrudate linseed and 
sunflower meal which indicates it contained 7% of extruded linseed, while experimental diet II 
contained 20% of the co-extrudate, which indicates it contained 10% of extruded linseed. 
Ingredients included in the diets are presented in Table 1, while the basic chemical 
composition of control and experimental diets are shown in Table 2. The egg samples were 
collected from 36 to 40 weeks of the hens’ age. 50 eggs per group were randomly chosen 
and analyzed for fatty acid composition.  
 
Table 1. The composition of the laying hens diets 

Ingredients (%)   Control Diet I Diet II 

Corn 54,7 54,6 54,4 

Dehydrated alfalfa meal 5,0 5,0 5,0 

Sunflower meal (CP 40%) 7,0 - - 

Co-extruded linenseed and sunflower meal (50:50) - 14,0 20 

Soybean full-fat semolina 17,0 10 4 

Soybean meal 6,3 6,0 6,0 

Monocalcium phosphate 1,4 1,4 1,4 

Calcium carbonate 7,3 7,3 7,3 

NaCl 0,3 0,3 0,3 

Commercial premix* 1,0 1,0 1,0 

Paprika - 0,2 0,3 

Marigold flower - 0,2 0,3 

 
Table 2. Chemical and mineral compositions of the diets 

Nutrients Control Diet I Diet II 

Moisture, % 8.65 8.83 8,71 

Crude ash, % 12.99 11.69 11,91 

Crude fat, % 6.04 6.08 6,21 

Crude fibre, % 4.78 4.27 4,07 

Crude protein, % 16.68 16.38 16,46 

Ca ,% 4.54 3.83 4,42 

P, % 0.72 0.48 0.69 

Zn, mg/kg 87.40 88.64 88.32 

Fe, mg/kg 337.05 288.73 296.23 

Cu, mg/kg 11.97 15.86 14.23 

Hg, mg/kg 0.00397 0.00150 0.00240 

Pb, mg/kg <2.27 <2.33 <2.33 

As, mg/kg <2.27 <2.33 <2.33 

Cd, mg/kg <0.45 <0.47 <0.47 

Total aflatoxin, mg/kg <0.005 <0.005 <0.005 

B1, mg/kg <0.001 <0.001 <0.001 

Fumonisin, mg/kg 0.48±0.09 0.79±0.15 0.36±0.21 

Deoxynivalenol, mg/kg 1.06±0.32 0.80±0.24 0.91±0.12 

Zearalenone, mg/kg 0.15±0.04 0.088±0.022 0.094±0.014 
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Analysis of fatty acid composition 

Lipids were extracted from egg yolk according to Folch method (Folch et al., 1957). Fatty 
acid methyl esters were prepared from the extracted lipids by transmethylation that uses 
14% (w/w) boron tri-fluoride/methanol solution (Karlović and Andrić, 1996; Ivanov et al., 
2012). The obtained samples were analysed by gas chromatography on an Agilent 7890A 
system (Agilent Technologies, Santa Clara, CA, USA) with a flame ionization detector (GC-
FID), autoinjection module for liquid, equipped with fused silica capillary column (Supelco 
SP-2560 Capillary GC Column 100 m × 0.25 mm, d=0.20 μm) (Supelco, Bellefonte, USA) 
and helium as a carrier gas (purity=99.9997 vol %, flow rate=1.5 ml·min–1 and 
pressure=1.092 bar). The GC regime was applied as described in the paper by Čolović et al., 
(2015b). 
 
Statistical analysis 

The influence of the hen’s diet on the fatty acid profile of egg yolk was determined by one-
way analysis of variance (ANOVA). The comparison among means was performed by 
Tukey’s HSD test, and the significant differences were calculated at p<0.05. Statistical 
methods were performed using the Statistica Software version 12 (Statsoft, Tulsa, OK, USA). 
 

RESULTS AND DISCUSSION 
 
The influence of laying hens’ diet on fatty acid profile was demonstrated in Table 3.  
 
Tabela 3. Fatty acids composition of eggs  

 Hen age ( weeks) 

36 40 

Fatty acid Control Diet I Diet II Control Diet I Diet II 

C14:0 0,35±0,06
a
 0,21±0,09

a
 0,19±0,05

a
 0,39±0,06

a
 0,16±0,09

a
 0,14±0,06

a
 

C16:0 24,23±0,89
a
 16,46±0,24

a
 17,94±0,56

a
 26,02±0,88

a
 19,44±0,14

a
 17,12±0,59

a
 

C16:1 2,77±0,58
a
 1,39±0,26

a
 1,33±0,41

a
 2,01±0,68

a
 1,95±0,20

a
 1,24±0,19

a
 

C18:0 9,97±0,34
a
 9,01±0,75

a
 8,19±0,54

a
 8,79±0,34

a
 8,16±0,65

a
 7,84±0,29

a
 

C18:1n-9 39,02±0,71
a
 36,64±0,91

a
 33,12±1,09

a
 40,01±0,63

a
 35,16±1,21

a
 31,32±0,86

a
 

C18:2n-6 17,01±0,11
a
 23,01±0,66

a
 25,15±0,43

a
 16,25±0,17

a
 24,06±0,60

a
 27,02±0,54

a
 

C18:3n-6 0,19±0,03 ND ND 0,08±0,09 ND ND 

C18:3n-3 1,14±0,04
a
 4,70±0,27

b
 7,28±0,21

b
 1,64±0,08

a
 5,01±0,47

b
 8,18±0,97

b
 

C20:2 0,31±0,09
a
 0,36±0,18

a
 0,41±0,13

a
 0,12±0,11

a
 0,24±0,21

a
 0,39±0,12

a
 

C20:3n-6 0,29±0,01
a
 0,22±0,01

a
 0,26±0,03

a
 0,21±0,07

a
 0,15±0,09

a
 0,25±0,07

a
 

C20:3n-3 0,08±0,01
a
 0,29±0,19

a
 0,37±0,03

a
 0,04±0,09

a
 0,41±0,11

a
 0,42±0,16

a
 

C23:0 3,01±0,15
a
 2,39±0,63

a
 2,02±0,14

a
 2,98±0,24

a
 2,15±0,27

a
 2,00±0,38

a
 

C20:5n-3 0,09±0,09
a
 0,18±0,02

b
 0,61±0,02

b
 0,07±0,01

a
 0,41±0,06

b
 0,65±0,02

b
 

C22:6n-3 1,54±0,24
a
 2,48±0,02

b
 3,13±0,11

b
 1,39±0,13

a
 2,7±0,07

b
 3,43±0,27

b
 

SFA 37,56 30,03 28,34 38,18 29,91 27,10 

MUFA 41,79 38,03 34,45 42,02 37,11 32,56 

PUFA 20,65 31,94 37,21 19,8 32,98 40,34 

The results are presented as mean ± SD; n=30; Different superscript letter between the control and experimental 
treatments within the same age layer hens show a significant difference in the results (p <0.05) 

 
As it can be observed, the addition of linseed in hens’ diet resulted in increased content of 
ALA in both experimental diets.  At the hens age of 36 weeks, the content of ALA was 
approximately 4,1 times higher in diet I and 6.4 times higher in diet II in comparison with 
control diet. The increase in the content of ALA was also observed in both experimental diets 
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at the hens’ age of 40 weeks. The content of ALA was 3,1 higher in diet I and 5,0 higher in 
diet II that in the control diet. EPA and DHA contents were also significantly (p˂0.05) higher 
in the experimental diet II in 40th week of age when compared to the control and diet I 
(0.65% and 3.43%, respectively). 

In addition, it was observed that the total content of PUFA was the highest at the laying hens’ 
age of 40 weeks when hens were fed diet II (40.34%). Moreover, the addition of linseed into 
the hens’ diet caused the decrease in the total SFA content. The content of SFA was 
reduced from 38.18% in diet I to 27.10% in diet II at 40th week of age. The reported results 
are in compliance with Dalle Zotte et al. (2015) who found that supplementation of extruded 
and ground linseed in hen diets resulted in changed composition of FAs in enriched eggs 
compared to standard eggs, and that change resulted in increased content of desirable n-3 
PUFA content. 

The addition of co-extruded linseed and sunflower meal to the hens’ diet influenced 
significant increase in total n-3 PUFA and decrease in n-6/n-3 ratio. Figure 1 shows the 
changes in total n-3 and n-6 FAs in control and experimental diet with duration of feeding 
period. According to Simopoulos (2000) and Kralik et al. (2008), the ratio of n-6/n-3 PUFA in 
egg yolk lipids less than 4:1 is considered to be beneficial to human health. In our 
experiment, n-6/n-3 ratio was 3.04 for diet I and 2.23 for diet II in 36th week of age and 2.84 
and 2.15 in 40th week of age, for diet I and II, respectively. 
 

 
Figure 1. Changes in total n-3 and n-6 fatty acid content 

CONCLUSIONS 

The inclusion of co-extruded of linseed and sunflower meal into laying hens’ diet increased 
the content of ALA, EPA and DHA in egg yolk. Total content of n-3 fatty acids significantly 
increased in both experimental diets in comparison with control diet. Moreover, the addition 
of co-extruded linseed and sunflower meal to the hens’ diet caused significant decrease in n-
6/n-3 ratio what is very important for proper human nutrition. 
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ABSTRACT 
 
The aim of presented paper was to evaluate the influence of paprika and marigold flower as sources 
of natural pigments on the colour of egg yolks. This experiment included three groups (control, diet I 
and diet II ) of 135 hybrid "BOVANS" laying hens from 36 to 40 weeks of age. Complete mixtures were 
formulated for all groups of laying hens and composed of conventional raw materials with the addition 
of paprika and marigold flower in the diet I and diet II. First experimental diet I contained 0.2% of dried 
marigold flower and paprika instead of commercial pigment. Second experimental diet II contained 
0.3% of dried marigold flower and paprika. According to obtained results it was observed that diet II 
showed higher colour fan reading in comparison to diet I. There was no significant (p>0.05) difference 
in β-carotene concentrations between control and diet II which indicates that paprika and marigold 
flower as sources of natural pigments can successfully replace synthetic pigment. L* value was 
significantly lower when the laying hens were fed diet II than control diet. Moreover, the 
supplementation of natural pigments into both diet I and II caused the increase in a* values in egg 
yolks at the hens age of 36 weeks. It was observed that at the hens age of 40 weeks both 
experimental groups had higher value of yellowness compared to the control group. 
 
Keywords: egg yolk, marigold flower, paprika, β-carotene 

 
INTRODUCTION 
 
Colour of egg yolks is considered to be one of the most important factors taken into account 
in the assessment of egg quality. Egg yolk colour preference varies considerably from 
country to country and it should be from moderately light to deep yellow (Delgado-Vargas et 
al., 1998).The pigment enriched eggs are more attractive to the consumers due to its intense 
yellow colour (Singh et al., 2012). 

Laying hens are not able to synthesize pigments in their system, but can transfer 20-60% of 
colour to the yolk from ingested feed (Bartov and Bornstein, 1980). Colour of egg yolk 
commonly derives from synthetic carotenoids. However, alternative natural carotenoid 
sources have been introduced due to the public concern about the use of synthetic additives. 
In the last two decades, consumers expressed strong aversion toward the use of synthetic 
additives, and in some countries the use of artificial pigments in the diet of laying hens 
became prohibited (Delgado-Vargas et al., 1998). Table eggs can be modified very easily by 
supplementation of nutrients and biologically active additives in feed for laying hens. 
Traditional sources of natural pigments include corn, alfalfa, tomatoes, carrots, paprika and 
marigold flower which have shown to improve yolk color to a greater degree since they are 
rich in xanthophylls (Lokaewmanee et al., 2011). Marigold is a source of yellow xanthophylls 
while paprika is rich in red xanthophylls which intensify egg yolk colour. The beneficial effects 
of pigment enrichment of egg yolk include: attractive yolk colour, macular degeneration 
prevention and antioxidant and anticarcinogenic properties (Singh et al., 2012). Eggs are 
considered to be suitable for the transfer of carotenoids in the human food chain as well 
(Skřivan and Englmaierová, 2014). 

The main goal of the present study was to investigate the effect of the addition of paprika and 
marigold flower as sources of natural pigments on egg yolk colour and to test whether the 



XVII International Symposium “Feed Technology” 

42 

 

supplementation of natural pigments to laying hens nutrition could successfully replace 
synthetic pigments. 
 

MATERIAL AND METHODS 
 
This experiment included three groups (control, diet I and diet II) of 135 hybrid "BOVANS" 
laying hens. Complete mixtures were formulated for all groups of laying hens and composed 
of conventional raw materials with the addition of paprika and marigold flower in the diet I 
and diet II. Commercial premix used in the control diet contained 0.2 % of synthesized 
pigment-carophyll red. The experimental diet I was supplemented with 0.2% dried marigold 
flower and 0,2% paprika while experimental diet II was supplemented with 0.3% dried 
marigold flower and 0,3 % paprika. Feed and water were available ad libitum. The 
composition of the diet used to feed the laying hens is presented in Table 1. The egg 
samples were collected from 36 to 40 weeks of the birds’ age. 50 eggs per group were 
randomly chosen and washed to remove any dirt adhering to the shell. The egg was cracked 
and its contents placed on a flat plate. 
 
Table 1. The composition of the control and experimental diets 

Ingredients (%) Control Diet I Diet II 

Corn 54,7 54,6 54,4 
Dehydrated alfalfa meal 5,0 5,0 5,0 

Sunflower meal (CP 40%) 7,0 - - 

Co-extruded linenseed and sunflower 
meal (50:50) - 14,0 20 

Soybean full-fat semolina 17,0 10 4 

Soybean meal 6,3 6,0 6,0 

Monocalcium phosphate 1,4 1,4 1,4 

Calcium carbonate 7,3 7,3 7,3 

NaCl 0,3 0,3 0,3 

Commercial premix* 1,0 1,0 1,0 

Paprika - 0,2 0,3 

Marigold flower - 0,2 0,3 
*Commercial premix used in the diet for control group contained 0.2 % of synthesized pigment-carophyll red, 
while feed for the experimental group was carophyll red free  

Egg yolk color analysis  
 

1. Coloration of the egg yolk was measured visually using the Roche yolk color (RYC) fan 
(Hoffman-La Roche Ltd, Basel, Switzerland). The colours were scored according to 15 
sample colours ranging from 1 (light pale) to 15 (dark orange). 

2. β-carotene analysis: Standard stock solution of β-carotene (concentration of 6 µg/ml) was 
prepared by dissolving 1.5 mg of β-carotene in 250 ml of acetone. The stock solution was 
used to prepare following dilutions: 0.6 µg/ml, 1.2 µg/ml, 1.8 µg/ml, 2.7 µg/ml, 3.6 µg/ml 
and 4.5 µg/ml. Absorbance values of standard solutions were read on a 
spectrophotometer at 450 nm and the calibration curve was established by plotting the 
absorbance values versus the corresponding concentrations. Extraction of β-carotene 
from egg yolk and determination of β-carotene was performed according to the method 
described by Islam (Islam, 2015). Then, 2.5 g of liquid egg yolk was stired with 1-2 ml of 
acetone to obtain smooth paste. The paste was mixed with 50 ml of acetone and filtered 
through Whatman No.4 filter paper. The filtrate was collected into 100 ml volumetric flask 
and diluted with acetone. The absorbance was read as soon as possible and the yolk 
colour was expressed in μg β-carotene/g sample. 
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3. Instrumental colour measurement: The pigmentation of yolk egg was measured using a 
Minolta Chroma Meter (Model CR-400, Minolta Co., Osaka, Japan), using the application 
contact surface diameter of 8 mm. The colour was determined on the whole egg and after 
the separation of egg white, before and after removing the membrane. Before 
measurement, the instrument was calibrated against a standard light white reference tile. 
The results are presented according to the CIELab color system, where the colour values 
were expressed as L* (lightness/darkness), a* (redness/greenness) and b* 
(yellowness/blueness). The colour measurement was conducted in three replications for 
each of the samples (thirty samples per group). 

 
Statistical analysis 
The influence of the hen nutrition on the colour of egg yolk was determined by one-way 
analysis of variance (ANOVA). The comparison among means was performed by Tukey’s 
HSD test, and the significant differences were calculated at p<0.05. Statistical methods were 
performed using the Statistica Software version 12 (Statsoft, Tulsa, OK, USA). 
 
RESULTS AND DISCUSSION 
 
The results of egg yolk coloration obtained by RYC scale are shown in the Table 2. 
 
Table 2. Effect of marigold flower and pepper on egg yolk colour 

 Yolk colour 

 Control Diet I Diet II 

36 12,2±0,86
a 8,8±0,52

b 
9,7±0,24

c 

40 12,1±0,42
a 9,3±0,12

b 
10,0±0,21

c 

The results are presented as mean ± SD; n=30; Values with different letter in same row are statistically different 
(p˂0.05) 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Content of the β-carotene in egg yolk 
 
When the laying hens were fed diet I, yolk colour reached a score of 8,8 and 9,3 at the hens 
age of 36 and 40 weeks, respectively. The highest score of egg yolk colour of 10,0 was 
achieved with the addition of 0.3% of dried marigold flower and pepper. The value 10.0 on 
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the RYC scale meets the requirements of European consumers in terms of colour quality egg 
yolk (Galobart et al., 2004). As it can be observed, the experimental group II demonstrated 
the higher score of yolk colour than the experimental group I, which was expected. However, 
none of the experimental groups exhibited better yolk pigmentation than the control group. 
Although the experimental diets did not demonstrate better colour of egg yolk than those of 
control group, a range from 6-12 in RYS is usually considered to be acceptable for meeting 
consumers’ demands. Consumer preferences are highly subjective and vary significantly 
from country to country. 

Figure 1 shows the concentration of β-carotene in egg yolk affected by the laying hens’ diet. 
The concentration of β-carotene was lower in egg yolks when the laying hens were fed the 
diet I in comparison to those of the control egg yolks. This results indicates that the addition 
of 0,2 % marigold flower and red pepper did not manage to reach the same concentration of 
β-carotene as the synthetic pigment. However, no significant (p>0.05) difference in β-
carotene concentrations between control and experimental diet II was found at the hens age 
of 36 and 40 weeks. It indicates that paprika and marigold flower as sources of natural 
pigments can successfully replace synthetic pigment. 
 

Table 3. Effect of marigold flower and pepper on lightness, redness and yellowness of egg yolk  

Hen age     

(weeks)   
Whole yolk 

Yolk with the 
membrane 

Yolk without the 
membrane 

  
L a b L a b L a b 

36 Control MV 45,81 4,18 45,89 59,72 4,28 48,88 51,93 6,03 49,74 

  
SD 2,15 1,61 1,46 1,11 0,30 1,55 0,89 0,30 0,85 

 

Diet I MV 54,65 9,63 44,31 57,60 10,27 46,87 49,32 11,59 45,62 

 
SD 1,95 1,97 2,51 1,63 0,94 2,09 1,08 1,47 0,92 

Diet II MV 47,81 7,14 40,60 51,01 7,00 44,92 45,15 7,24 36,58 

 SD 2,45 1,46 2,14 1,01 0,45 0,76 0,55 1,41 0,71 

40  Control MV 45,92 12,50 38,94 48,48 14,19 43,02 46,46 12,53 30,04 

  
SD 0,36 0,17 0,88 0,31 0,25 0,69 2,65 1,29 6,60 

 
Diet I MV 53,94 9,17 43,98 57,24 8,35 45,92 46,49 7,31 40,14 

  
SD 0,29 0,16 0,80 0,26 0,35 0,68 0,97 0,47 3,08 

 Diet II MV 55,01 10,36 43,23 58,89 9,21 47,75 48,32 8,22 42,10 

  SD 0,18 0,20 0,74 0,27 0,30 0,54 1,01 0,63 2,69 

The results are presented as mean values for n = 30 in three replicates for each sample; MV - mean values, SD - 
standard deviation, L – lightness, a - redness, b - yellowness 

Table 3 presents the objective values of L*, a* and b*. Compared with the control group, L* 
value tended to decrease in egg yolks when measured with and without membrane at the 
hens age of 36 weeks, and was significantly lower when the birds were fed diet II. This 
resulted in a deeper yolk colour when 0,3 % of marigold flower and pepper were added to the 
diet. Darker colour of egg yolks is a result of the higher content of carotenoids (Cucco et al., 
2007; Laudadio et al., 2014).  

The supplementation of natural pigments into both diet I and II caused the increase in a* 
values in egg yolks at the hens age of 36 weeks. However, at the hens age of 40 weeks, a* 
values for both experimental groups were lower than in the control. It was observed that b* 
values were higher in control samples than in experimental groups at 36 weeks of hens’ age, 
while at the hens age of 40 weeks both experimental groups had higher value of yellowness  
compared to the control group. Lokaewmanee et al. (2010) reported the decrease in 
lightness value and improvement in redness and yellowness when paprika and marigold 
flower extract were included into laying hens diet. 
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CONCLUSIONS 
 
The highest score of egg yolk colour was achieved with when the hens were fed diet II. 
Moreover, no significant difference in β-carotene concentrations between control and 
experimental group II was found. The decrease in lightness and higher values of a* and b* 
were obtained when the hens were fed diet II. According to presented results it might be 
concluded that marigold flower and paprika can be successfully added to hens’ diet as 
alternative sources of pigments to intensify egg yolk coloration.  
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ABSTRACT 
 
Feedstuffs which are used as a starch (energy) and protein sources have highest share in pelleted 
animal feed mixtures. Structural changes of starch within pelleting process and their influence on 
pellet quality and nutritional responses have been excessively described in numerous studies. On the 
other hand, data on protein changes are limited.  
Three different mixtures consisting of corn and sunflower meal (three different grades of sunflower 
meal) were used in this study and were subjected to long-term steam conditioning (0, 5, and 
10 minutes respectively), and afterwards pelleted on a pilot scale pellet press. Physical quality of 
produced pellets was determined. It was observed that increase in protein content of sunflower meal 
improved the physical quality of pellets. 
Additionally, specific protein fraction was extracted and separation of proteins was performed with 
Lab-on-a-Chip (LoaC) electrophoresis. This technique showed the differences in large numbers of 
polypeptides which were constituents of protein fractions of different solubility by separating and sizing 
it. Significant differences (p < 0.05) in quantities of specific polypeptides in mash and pelleted samples 
were detected. 
 
Keywords: pelleting, sunflower meal, pellet quality, electrophoresis 

 
INTRODUCTION 
 
Pelleting process is used in animal feed industry for production of feed for different species 
and categories of animals. This process is almost inevitable in industrial production of poultry 
and pig feed. Pelleting process can be defined as agglomeration of individual powder/bulk 
components into pellets by compacting and forcing through die openings by any mechanical 
process, with the aim of moisture, heat and pressure (Buchanan et al., 2010). It results in 
many advantages over using mash feed such as improvement of mixture stability, volume 
reduction, avoiding of selection of specific ingredients, improvement of feed intake and feed 
conversion, increase of animal feed value, improvement of sensory properties and hygienic 
status of feed (Behnke, 1994).  

Selection of specific ingredients is one of the crucial steps for obtaining high quality pellets. 
Even for preselected ingredients, up- and down-processing, such as grinding, conditioning, 
and cooling, can lead to production of pellets with wide range of PDI (pellet durability index) 
values (Payne et al., 1994; Čolović et al., 2010; Mišljenović et al., 2016). Feedstuffs which 
are used as a starch (energy) and protein sources have highest share in pelleted animal feed 
mixtures. Chemical constituents of ingredients are susceptible to the changes during thermal 
processing. Structural changes of starch within pelleting process and their influence on pellet 
quality and nutritional responses have been excessively described in numerous studies 
(Briggs et al., 1999; Lewis, 2014; Zhu et al., 2016). On the other hand, data on protein 
changes are limited. According to Svihus and Zimonja (2011) temperatures achieved during 
pelleting, although moderate compared with many other types of heat treatment, may result 
in the destruction of three-dimensional structure of proteins, and may result in new covalent-
bond formations such as disulfide bridges, iso-peptide bonds, as well as complex bonds 
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formed in Maillard reaction products. Thermal denaturation of proteins results in changes in 
structural properties and modification of physical and chemical properties of protein 
molecules, especially hydrophobicity, and thus results changes in protein native state and 
solubility (Dissanayake et al., 2013).  

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) is commonly used 
technique for determination and characterization of plant proteins. Although this technique 
shows the differences in large numbers of polypeptides which are constituents of protein 
fractions of different solubility by separating and sizing it, it is characterized by complicated 
sample preparation and result analysis. Lab-on-a-Chip (LoaC) is relatively new 
electrophoretic technique, which is characterized by high speed, reliability, automation of 
analysis and higher sensitivity compared to SDS-PAGE technique (Mouradian, 2002). It has 
been successfully applied to protein based food allergen detection, diagnosis of plant 
pathogens, rapid profiling of human gut bacteria, drug development, etc. (Bjerketorp, 2008; 
Coïsson et al., 2010; Julich, 2011). 

The aim of this study was to investigate how changes in protein content of sunflower meal 
and variation in conditioning time may affect protein and pellet quality changes. 

 
MATERIAL AND METHODS 
 
Material 

Three model mixtures (M1, M2 and M3) were prepared comprising of same ratio of corn and 
sunflower meal (6.5:3.5). The mixtures were differing in quality of sunflower meal, since three 
grades of sunflower meal were provided with the crude protein content of approx. 37% (M1), 
40% (M2), and 43% (M3) respectively. As a consequence of difference in quality of sunflower 
meal, total protein content of the experimental mixtures was approximately 18%, 19%, and 
20% for the mixtures M1, M2, and M3, respectively.  
 
Processing 

Laboratory production of pelleted mixtures was done at pilot plant for animal feed processing, 
Institute of Food Technology, Novi Sad, Serbia. The cereal component was comminuted at 
laboratory hammer mill (Model 11, ABC Engineering, Serbia) using sieve of 2 mm diameter 
of openings, while protein meals were pre-ground in the same laboratory hammer mill 
without sieve, in order to crush the agglomerates. A twin-shaft pedal mixer/steam conditioner 
(SLHSJ0.2, Muyang, China) was used for mixing and steam conditioning/ripening of the 
material. Mixing time for the dry mixture was 60 s, after which 2 bar pressure saturated 
steam was injected into the dry mixture until material reached the temperature of 80°C. The 
retention time in the mixer/steam conditioner on a maximum temperature was 0, 5, and 10 
minutes, respectively. The moisture content of the feeding material before pellet press was 
approximately 16%. For the pelleting of the model mixtures a flat die laboratory pellet press 
(14-175, Amandus Kahl, Germany), with drive capacity of 3 kW and two rolls, was used. The 
diameter of openings of pellet press was 6 mm with the length/diameter ratio of 4:1. Feeding 
rate was set at 18 kg/h. Vibrating cooler (FB 500x200, Amandus Kahl, Germany) was used 
for cooling of the hot pellets to a room temperature. 
 
Electrophoretic analysis 

Total soluble maize proteins were extracted from the sample, prior to the electrophoresis, 
(30 g) in 175 μL of extraction buffer (0.125 M Tris-HCl at pH 6.8 containing 10% β-
mercaptoethanol, 4% SDS, 20% glycerol) and 175 μL H20. The extracted samples were 
heated at 100 °C for 5 min. The precipitate of the samples was removed by centrifugation 
while the obtained supernatant, which contained the total soluble maize proteins, was used 
to prepare samples for LoaC methods. Agilent 2100 bioanalyzer (Agilent Technologies, 
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Santa Clara, CA) in combination with the Protein 230 Plus LabChip kit was used for the chip-
based separations. Size-based fractioning of proteins was performed, where the smallest 
proteins emerging first in the profiles but at the bottom of the gel patterns. MW ladder of 
following molecular weights: 4.5, 7, 15, 23, 46, 63, 95, 150, and 240 kDa, was used for 
determination of protein fractions, which were obtained by separation with LoaC method. For 
the internal standard for quantification of protein peaks on obtained electrophoregrams the 
upper marker (240 kDa), with mass of 60 ng, was used. 

Process parameters and pellet quality 

Pt 100 temperature probe was used for measuring of pellet press die temperature (Tdie). 
Specific energy consumption (Espec) was calculated from energy consumed during pelleting 
of experimental mixtures and energy consumed for running of the pellet press with no 
material added, and expressed in kWh/t.  
For pellet durability measurement a Pfost pellet tester (Bühler, Switzerland) was used. The 
ratio of mass of pellets after the test to pellets before the test was expressed in percent as a 
pellet durability index (PDI). 

 
RESULTS AND DISCUSSION 
 
In Figure 1 concentration of different protein fractions in unpelleted and pelleted (mean value 
for all three conditioning times) samples for M1 (a), M2 (b), and M3 (c) is shown. It can be 
seen that concentration of most of the protein fractions, for all three mixtures, was reduced. 
The lowest total concentration reduction within pelleting process was observed for M1 
(24.97%), which is in line with lower pelleting temperatures obtained during pelleting of this 
mixture (Table 1). For M2 and M3, total protein reduction was higher than 50%. It can be also 
seen that concentration of high molecular weight protein fractions was reduced since they 
were degraded to low molecular weight protein fractions. In some cases (Figure 1 (a)) 
concentration of low molecular weight protein fractions of pelleted samples was even higher 
when compared to unpelleted sample (MW 19.4 kDa). These differences between unpelleted 
and pelleted samples are showing that denaturation and degradation processes occurred 
during pelleting process. On the other hand, protein fractions higher than 100.9 kDa were 
registered in the pelleted M3 samples, which were not present in the unpelleted samples. 
This shows that for the high protein mixture, processes of protein synthesis occurred as well. 
Reduction of total protein concentration was not only determined for cumulative pelleted 
samples, but also for the specific pelleted samples (Figure 2). From this figure it can be seen 
that reduction of protein concentration differs in dependence on mixture type and 
conditioning retention time. As was already explained with cumulative protein concentration, 
protein reduction for M1 was the lowest, no matter of conditioning retention time, which 
correlates with applied temperatures during forming of pellets. On the other hand, longer 
retention time led to the lower reduction of proteins. This might be explained with lower 
surface moisture on the contact between material and pellets when the material is retained 
longer in the conditioner, which is in the line with the results of Briggs et al. (1999). Namely, 
due to lack of the specific interaction between protein and water molecules, proteins can 
withstand severe heat treatments at very low water concentrations, as was explained by 
Ludikhuyse et al. (2003). 
 
In Table 1 pellet die temperature and specific energy consumption of pellet press have been 
shown. It can be seen that, for the same conditioning retention time, Tdie and Espec were 
increased when quality of sunflower meal was improved. Also, increase in retention time for 
the same experimental mixture has led to the increase in Tdie and Espec. Since Tdie and Espec 
changes are indicators of changes in friction in die channels, it can be assumed that when 
the experimental mixture is retained longer in the conditioner or when material with higher 
protein content is pelleted, less water is available on the surface of the particles due to the 
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higher water absorption. This is in line with the results of Moritz et al. (2001) who have shown 
that the decrease of water on the surface of the particles increases friction in the pellet press 
channels, and increases pellet press die temperature.  

 

 
(a) 

 
(b) 

 
(c) 

Figure 1. Concentration of different protein fractions in unpelleted and pelleted (mean value for all 
three conditioning times) samples for M1 (a), M2 (b), and M3 (c) 

 

Pellet durability results have been shown in the Figure 3. From this figure can be seen that 
PDI values increased with the increase in protein and decrease in crude fibre content of 
SFM. For the M1 (18% protein content) PDI value was between 86 and 92%, while for the 
M3 (20% protein content) PDI was approx. 96% and higher no mather on the conditioning 
retention time. These results correspond to the results of Wood (1987) who had shown that 
native proteins in the pelleting process act as a binder and improve pellet quality. When the 
conditioning retention time was changed within the same mixture, it was observed that for all 
three mixtures conditioning retention time of 5 minutes appears to be optimal for production 
of high PDI value pellets.   
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Figure 2. Reduction of total protein concentration 

 
 
Table 1. Pellet die temperature and specific energy consumption of pellet press 

Mixture Tdie (°C) Espec (kWh/t) 

0 min 5 min 10 min 0 min 5 min 10 min 

M1 54.27 ± 0.25 56.95 ± 0.07 54.80 ± 0.99 11.29 ± 1.60 13.23 ± 1.45 14.38 ± 2.26 

M2 55.37 ± 0.55 56.25 ± 0.35 58.05 ± 0.21 15.73 ± 3.18 17.09 ± 1.98 17.58 ± 1.92 

M3 56.30 ± 0.57 57.47 ± 0.64 62.60 ± 0.42 16.67 ± 2.03 18.51 ± 1.82 21.37 ± 2.26 
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Figure 3. Pellet durability index 

 

CONCLUSIONS 
 
The results of this study showed that the pelleting of the experimental mixtures led to the 
reduction of total protein concentration and the protein concentration of specific protein 
fractions. Most of the high molecular weight protein fractions were degraded to the low 
molecular weight protein fractions. The lowest protein reduction was observed for the mixture 
containing low quality sunflower meal. The increase in crude protein content and conditioning 
retention time slightly increased the pelleting temperature and specific energy consumption.  
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The increase in crude protein content led to increase of PDI value, while 5 minute retention 
time in the steam conditioner was found to be optimal in terms of pellet durability. 

ACKNOWLEDGEMENTS 

This article is produced within the project III 46012, funded by the Serbian Ministry of 
Education, Science and Technological Development. The authors express deep appreciation 
to DAAD for the financial support (PPP Serbian program - bilateral projects Germany-Serbia 
“Domestic oilseed protein products as replacement for imported soybean meal in poultry 
feed”). 

 
REFERENCES 
 

Behnke, K. C. (1994). Factors affecting pellet quality. Maryland Nutrition Conference. Dept of Poultry Science 
and animal Science, collage of Agricultural, University of Maryland, collage Park. 

Bjerketorp, J., Chiang, A. N. T., Hjort, K., Rosenquist, M., Liu, W. T., Jansson, J. K. (2008). Rapid lab-on-a-
chip profiling of human gut bacteria. Journal of microbiological methods, 72(1), 82-90. 

Briggs, J. L., Maier, D. E., Watkins, B. A., Behnke, K. C. (1999). Effect of ingredients and processing 
parameters on pellet quality. Poultry Science, 78(10), 1464-1471. 

Buchanan, N. P., Lilly, K. G. S., Gehring, C. K., Moritz, J. S. (2010). The effects of altering diet formulation and 
manufacturing technique on pellet quality. The Journal of Applied Poultry Research, 19(2), 112-120. 

Coïsson, J. D., Cereti, E., Garino, C., D’Andrea, M., Recupero, M., Restani, P., Arlorio, M. (2010). Microchip 
capillary electrophoresis (Lab-on-chip®) improves detection of celery (Apium graveolens L.) and sesame 
(Sesamum indicum L.) in foods. Food research international, 43(5), 1237-1243. 

Čolović, R., Vukmirović, Đ., Matulaitis, R., Bliznikas, S., Uchockis, V., Juškiene, V., Lević, J. (2010). Effect of 
die channel press way length on physical quality of pelleted cattle Feed. Food and Feed Research, 1, 1-6. 

Dissanayake, M., Ramchandran, L., Donkor, O. N., Vasiljevic, T. (2013). Denaturation of whey proteins as a 
function of heat, pH and protein concentration. International Dairy Journal, 31(2), 93-99. 

Julich, S., Riedel, M., Kielpinski, M., Urban, M., Kretschmer, R., Wagner, S., Fritzsche, W., Henkel, T., Möller, 
R., Werres, S. (2011). Development of a lab-on-a-chip device for diagnosis of plant pathogens. Biosensors 
and Bioelectronics, 26(10), 4070-4075. 

Lewis, L. L. (2014). Evaluation of pelleting process parameters on feed nutrients, starch gelatinization and pig 
growth performance (Doctoral dissertation, Kansas State University).  

Ludikhuyze, L., Van Loey, A., Indrawati, Smout, C., & Hendrickx, M. (2003). Effects of combined pressure and 
temperature on enzymes related to quality of fruits and vegetables: from kinetic information to process 
engineering aspects. Critical reviews in food science and nutrition, 43(5), 527-586. 

Mišljenović, N., Čolović, R., Vukmirović, Đ., Brlek, T., Bringas, C. S. (2016). The effects of sugar beet 
molasses on wheat straw pelleting and pellet quality. A comparative study of pelleting by using a single 
pellet press and a pilot-scale pellet press. Fuel Processing Technology, 144, 220-229.  

Moritz, J. S., Wilson, K. J., Cramer, K. R., Beyer, R. S., McKinney, L. J., Cavalcanti, W. B., & Mo, X. (2002). 
Effect of formulation density, moisture, and surfactant on feed manufacturing, pellet quality, and broiler 
performance. The Journal of Applied Poultry Research, 11(2), 155-163. 

Mouradian, S. (2002).  Lab-on-a-chip: applications in proteomics. Current opinion in chemical biology, 6(1), 
51-56.  

Payne, J., Rattink, W., Smith, T., Winowiski, T., Dearsledy, G., Strøm, L. (1994). The pelleting handbook. 
Borregaard Lignotech, Windsor.  

STATISTICA (Data Analysis Software System) (2010). v.10.0., Stat-Soft, Inc., USA (www.statsoft.com). 
Svihus, B., Zimonja, O. (2011). Chemical alterations with nutritional consequences due to pelleting animal 

feeds: a review. Animal Production Science, 51(7), 590-596.  
Wood, J. F. (1987). The functional properties of feed raw materials and their effect on the production and 

quality of feed pellets. Animal Feed Science and Technology, 18(1), 1-17. 
Zhu, L., Jones, C., Guo, Q., Lewis, L., Stark, C. R., Alavi, S. (2016). An evaluation of total starch and starch 

gelatinization methodologies in pelleted animal feed. Journal of animal science, 94(4), 1501-1507. 
 
 
 
 
 
 
 
 
 



XVII International Symposium “Feed Technology” 

53 

 

MIXTURES OF PERENNIAL LEGUMES AND GRASSES TO IMPROVE THE 
QUALITY OF FORAGES 

 
Kenenbayev Serik, Meirman Galiolla. Yerzhanova Sakysh, Abayev Serik, 

Nuraliev Serikbai, Kenebayev Amangeldy 
 

Kazakh Scientific Research Institute of Agriculture and Plant Growing, Almalybak, Almaty region, 
040909, Kazakhstan 

 
*
Corresponding author: 

 E-mail address: sakyshyer@mail.ru 

 

ABSTRACT 
 
In the conditions of the south-east of the republic Kazakhstan, the legume-grass mixtures 
form up to five full mows when imitating the Pasture regime of herbage usage. The aim of 
our research was the selection of the multicomponent grass mixtures in imitated Pasture 
regimes of herbage usage in order to form a high-protein biomass. Species and the local 
cultivars included in the perennial forage grass legume mixtures which are investigated were: 
alfalfa “Osіmtal”, sainfoin “Almatinskaya 2”, smooth bromegrass “Shubartal 2”, meadow 
fescue “Kargalinskaya”, orchardgrass “Karkara” 9 and perennial ryegrass “Raygaubek”. The 
experiment was founded as two-factorial with fertilizer N60P90K30 (with and without) and 
grass legume mixtures as factors In this study, the maximum accumulation of green mass 
was observed in mixtures – 648 centner/hectare (without fertilizer ) and 795 centner/hectare 
(with background fertilizer), collection of fodder units per 1 ha was 181 - 190.0 centners. A 
total of five mows over 144 samples and green and dry mass weighing over 1440 samples 
were carried out. The total indicators of crop forage advantages, important for the industry, 
are the collection of forage units of digestible protein. 
 
Keywords: legumes, grass forages, mixed crops, yield, protein, forage units* 

 

INTRODUCTION 

Fodder production of Republic Kazakhstan needs to be improved, due to the lack of basic 
nutrients in feed, especially protein, which is covered by overspending feed. Forages in the 
country has been many producing on are pastures, the natural and sown hay fields 
grasslands, and on arable land for growing forage crops. The area of pastures in the republic 
is 182.0 million hectares, natural and sown hayfields are on - 4.8 million hectares, while 
arable land area used for feed production - 2.5 million hectares. The main ways of 
development of the field fodder production should be linked to the production of high quality 
and nutritionally balanced forages. 

Mixed crops found wide application in America (Cunningham, et. all, 2008; Marsalis, 2010), 
Australia (YiningNiu, 2009), England (Jones, 2000), Russia (Isayev, 1978; Benz, 2002; 
Ikonnikov, 2007; Denisov, 2013), China, Hungary, Bulgaria and others. Research on mixed 
crops has also been carried out in Kazakhstan and the authors have achieved significant 
results (Volkova, 1996; Tokhtarov, 2001). 

Generalizing the research results of the abovementioned researchers indicate the need to 
study the basic principles and perfection of the technology of creation of the  multispecific 
agrocoenosis of perennial grasses that insure the sustainable productive longevity of the 
grass formations, obtaining high-quality forage, soil fertility preservation, and the effective 
use of irrigated land. 
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The aim of our research was the selection of the multicomponent grass mixtures in imitated 
Pasture regimes of herbage usage in order to form a high-protein biomass. 

 
MATERIAL AND METHODS 
 
Species and the local cultivars included in the perennial forage grass legume mixtures which 
are investigated were: alfalfa “Osіmtal”, sainfoin “Almatinskaya 2”, smooth bromegrass 
“Shubartal 2”, meadow fescue “Kargalinskaya”, orchardgrass “Karkara” 9 and perennial 
ryegrass “Raygaubek”. 

The experiment was founded as two-factorial with fertilizer N60P90K30 (with and without) and 
grass legume mixtures as factors (Table 1).  

The trial was sown on 25m2 plots, completely randomized in four replications. Predecessors 
on the field was spring barley and trial sowing depth ranged from 3 to 5 cm. Soil processing, 
sowing and trial cultivation was done by standard methods. 

Trial mowing and traits measuring were carried out manually on different trial areas. 
Accounting and phenological observations were carried out by the method of the All-Russian 
Research Institute of forages (1985). 

Plant density was determined by counting the number of stems per unit area on 0,25m2 
(recalculated per 1m2) in three repetitions for each treatment of the experiment. 
Determination of botanical composition (legumes and grasses) was performed from the 1m2 
size areas on each treatment. The green mass yield of mixtures was determined from 1m2 by 
direct weighing of cut biomass. In the pasture regime, plots were cut when plants achieve 25-
30 cm in height. Chemical analysis was performed in the laboratory zoo technical analysis 
according to the procedure. 
 

RESULTS AND DISCUSSION 

Polycomponent legume - cereal forage mixtures with pasture  mode usage of grass 
stand 

In experiments on the station of 2014’s laying, the beginning of spring regrowth of alfalfa, 
sainfoin was observed towards March 27-29, 2015, while for orchard grass, awnless brome, 
meadow fescue it was 1-3 April 2015. For the perennial ryegrass, the herbage on the plots 
began to grow from 5-7 April 2015. 

Mixture mowing was conducted five times in the pasture regime usage (Figure 1), when the 
plants height was 20-25 cm from the beginning of regrowth (1 April) was achieved. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. The growth intensity of the grass mixtures of the Pasture regime of herbage usage, days 
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Table 1. Yield of green mass of legume-cereal grass mixtures in the Pasture regime usage of the 
previous year’s herbage. Seeding 2014, report 2015 

 
Variant 

Yield of green mass, kg/м
2 

Without the fertilizers With fertilizers 

mowing  mowing  

1 2 3 4 5 Sum 1 2 3 4 5 Sum 

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

Alfalfa 110 100 210 80 85 585 125 115 160 120 120 640 

Sainfoin 90 139 180 70 79 558 100 149 180 90 100 621 

orchard grass 100 150 160 75 130 515 120 160 170 100 140 685 

perennial ryegrass 90 128 210 100 128 656 130 138 150 120 150 688 

meadow fescue 100 178 190 76 78 622 100 198 230 110 120 756 

awnless brome 90 120 200 75 80 565 950 180 210 130 130 740 

alfalfa + orchard 
grass 

120 122 185 140 128 655 140 142 200 160 120 761 

alfalfa + orchard 
grass + perennial 
ryegrass 

120 150 160 118 100 648 140 168 220 160 150 780 

alfalfa + orchard 
grass + perennial 
ryegrass + meadow 
fescue 

126 125 175 60 120 610 136 150 210 80 150 718 

alfalfa + orchard 
grass + perennial 
ryegrass + awnless 
brome 

110 145 180 70 105 610 130 145 190 160 140 765 

alfalfa + sainfoin 125 148 230 148 135 636 135 156 230 180 100 760 

alfalfa + sainfoin + 
orchard grass + 
perennial ryegrass 

130 150 160 130 100 670 150 175 190 160 120 795 

alfalfa + sainfoin + 
orchard grass + 
perennial ryegrass 
+ meadow fescue 

85 160 1855 55 90 575 120 190 220 130 120 735 

alfalfa + sainfoin + 
orchard grass + 
perennial ryegrass 
+ awnless brome 

65 170 210 45 70 560 120 190 240 60 90 700 

orchard grass + 
perennial ryegrass 

87 175 170 95 75 590 90 175 200 120 115 730 

orchard grass + 
perennial ryegrass 
+ meadow fescue 

95 170 230 55 100 562 120 170 280 85 125 740 

orchard grass + 
perennial ryegrass 
+ awnless brome 

230 120 200 230 70 585 250 120 240 250 100 640 

orchard grass + 
perennial ryegrass, 
meadow fescue + 
awnless brome 

150 120 115 113 62 558 170 220 180 90 80 621 

 

Figure 1 shows that in mixed crops biomass accumulation intensively grown more rapidly 
since the beginning of the growing season (May 15 to June 27), and towards the end of the 
growing season biomass accumulation slows down. Yield of green mass of legume-grass 
mixtures in the pasture regime usage of is shown in Table 1. In our experiment the highest 
rate of increase in biomass was in alfalfa and sainfoin and their mixtures with grasses 
observed in the period from the third decade of May to mid -June. During the period of usage 
of herbage the average increase in alfalfa and sainfoin was 117.0 and 112.0 centner/hectare, 
and meadow fescue - 146.0 centner/hectare, perennial ryegrass - 131.2 centner/hectare, 
awnless brome – 113.0 centner/hectare, orchard grass - 103 centner/hectare. The most 
productive were mixtures of alfalfa + orchard grass + perennial ryegrass (156.0 
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centner/hectare) and alfalfa + sainfoin +orchard grass+ perennial ryegrass + meadow fescue 
reached 159.0 centner/hectare.In all replications. In total, weighing to determine the biomass 
yield comprised 1 584 samples in volume (11 mowing on 144 samples). Average growth of 
herbage reached in the range of 20-28 cm in all mowing except for the haymaking regime.   
Dynamics of accumulation of raw biomass by different cultures, which were seeded in one-
specific and mixed crops, had a different character. During the vegetation period from 
sprouting to mowing ripeness of alfalfa accumulated pure 585 centner/hectare of green mass 
(without fertilizer), 640 centner/hectare (with fertilizer); sainfoin - 558 and 621 
centner/hectare, respectively; alfalfa with sainfoin - 636 and 760 centner/hectare, alfalfa + 
orchard grass + perennial ryegrass - 648 centner/hectare and 780 centner/hectare alfalfa + 
sainfoin + orchard grass + perennial ryegrass - 670 and 795 centner/hectare, respectively. 
(Figure 2). 

 

Figure 2. The total yield of grass for pasture period 

Mixed crops are of particular importance for obtaining products that are balanced by forage 
advantages. 

Nutritional value of forage crops are evaluated with their palatability by the animals. An 
indispensable condition for raising the productivity of animals is a good palatability and 
quality of grass with high forage value. Nutritional value of forage plants is determined by the 
content of the chemical composition of the protein, fat, ash, nitrogen-free extractives, 
phosphorus, and calcium. To increase the nutritional value of green mass it is needed to 
strive to increase the yield of protein and other substances that meet the need of animals. 

The total indicators of crop forage advantages, important for the industry, are the collection of 
forage units of digestible protein. 

Slightly higher was the protein content in alfalfa, sainfoin, in the biomass of these cultures it 
contained 4.96 and 4.92%, from cereals: perennial ryegrass - 3.2, meadow fescue - 3.17, 
awnless brome - 3.33%. 

Comparative testing of the mixed crops for yield per unit area of forage units and the raw 
protein allowed identifying the most valuable mixtures in terms of forage. The protein content 
of one forage unit in a mixture of alfalfa + orchard grass + perennial ryegrass was 131.2 g, 
with the norm being 100 g, in a single crop it was 175 g for alfalfa, 91 g for orchard grass, 
while a mixture of alfalfa + sainfoin + orchard + perennial ryegrass - 130.0 g, which indicates 
that the mixed crop increases not only the general yield of green mass, but it also offers the 
maximum pickup of protein per unit area. 
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Variant without fertilizer 585558515656622565655648610670636670575560602650590562

Variant with fertilize 640621685688756740761780718761760795735700700760730740
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The richest in carotene was the biomass mixture of alfalfa + orchard grass + ryegrass + 
brome - 36.18, alfalfa + orchard grass - 35.29, alfalfa + sainfoin + orchard + perennial 
ryegrass + brome - 33.48 mg per 1 kg of feed. The high content of carotene noted in the 
awnless brome - 37.79 mg per 1 kg of feed, the least carotene contained in the mixture: 
alfalfa and sainfoin - 24.25 mg. 

Adding to the cereal grasses the legumes component increased the protein content from 
3.37 - 4.63% at the same time it increased the amount of carotene in the green mass of 
grass mixture from 33.48 to 36.18 mg / kg. The amount of fiber decreased from 7.86 to 5.55 
%. The quality of forage has improved markedly in the grass mixtures. 
 

CONCLUSION 

In the conditions of the south-east of the republic, the legume-grass mixtures form up to five 
full mows when imitating the Pasture regime of herbage usage. The maximum accumulation 
of green mass was observed in mixtures of alfalfa + orchard + perennial ryegrass – 648 
centner/hectare (without fertilizer) and 780 centner/hectare (with background fertilizer), 
collection of fodder units per 1 ha was 180.8centners (Variant 8) and alfalfa + sainfoin + 
orchard grass + perennial ryegrass – 670 centner/hectare (without fertilizer) and 795 
centner/hectare, collection of fodder units per 1 ha -190 centner (Variant 12). 

A total of five mows over 144 samples and green and dry mass weighing over 1440 samples 
were carried out. The total indicators of crop forage advantages, important for the industry, 
are the collection of forage units of digestible protein.  
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ABSTRACT 
 
The aim of the present study was to investigate the effect of the extrusion processing on the fatty acid 
profile of feed mixture based on maize and rapeseed by-products which remain after cleaning of 
rapeseed impurities, as well assessment of the quality of this feed mixture and possibility of its use for 
incorporation in animal feed. 
The investigated feed mixture contained 18.88% of crude fat, while after extrusion processing this 
value reached 20.42%. Dry extrusion processing of the mixture consisted of useful waste products of 
rapeseed in combination with maize led to satisfying nutritional and chemical profile of sample. 
Regarding the glucosinolates content, the significant reduction in the content (from 10.30 to 
7.82 μmol/g) was noticed after the extrusion process. Additionally, the reduction in the number of 
microorganisms after extrusion processing provided hygienic safety of the extruded feed mixture, 
which is very important in terms of storage and preservation of extruded material. Obtained results 
showed that the extrusion processing did not lead to significant changes in the fatty acid profile of 
investigated feed mixture. The content of saturated acids prior to extrusion was 8.17%, while after 
processing this value was 8.18%. The content of monounsaturated fatty acids were 53.85% and 
52.87% before and after extrusion, respectively, while the content of polyunsaturated fatty acids 
before extrusion was 37.98% and 38.95% after extrusion.  
Based on the obtained results, it could be concluded that feed mixture consisted of useful waste 
products of rapeseed in combination with maize can be used in animal nutrition as a high valuable 
nutrient. 
 
Keywords: rapeseed by-products, feed mixture, extrusion, quality, fatty acid composition 

 

INTRODUCTION 
 
Due to the high oil and protein content, rapeseed is recognised as high-quality protein-
energy crop plant. However, chemical components such as euric acid and glucosinolates 
significantly reduce the nutritional value of rapseed. The production of rapseed includes 
processes after which useful and usless waste stands out. Useful by-products present 
potential protein-energy crop plant source that can be used in animal nutrition. 

Numerous studies reported partial termolability of glucosinolates during the dry extrusion 
(Smithard and Eyre, 1986; Fenwick et al., 1986), as well as of an enzyme that catalyzes the 
hydrolysis of glucosinolates resulting in the formation of a series of toxic compounds. Also, 
the degradation of some phenolic compounds is recorded after applying thermal treatments. 
Nowadays, worldwide are used many methods for thermal processing of oil seeds and grains 
such as toasting, extrusion, hydrothermal processing, micronization, microwave treatment 
and heat treatment of the dielectric. In our country one of the most commonly used heat 
treatments is extrusion (Filipović et al., 2005; Font et al., 2005). It is used in order to partially 
reduce the total content of glucosinolates and total phenols in rapeseed or in mixture of 
rapeseed and agricultural products, to obtain protein-energy nutrients with increased 
nutritional value. The extrusion of the mixture of maize and by-product obtained by rapeseed 
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processing will be considered since the extrusion of useful rapeseed by-product, due to high 
crude fat content, prevents adequate heating material and therefore, leads to the formation of 
an oily extrudate sensitive to lipid oxidation (Smithard and Eyre, 1986). Hence, dry extrusion 
of rapeseed and maize results in the feed of greater sustainability, appropriate for storage 
and composing with other nutrients (Eyre and Smithard, 1984). 

The aim of the present study was to examine the quality and fatty acid composition of feed 
mixture based on maize and useful by-product obtained by rapeseed processing, as well as 
the influence of extrusion processing on this feed mixture and possibility of its use in animal 
nutrition as high valuable nutrient. 

 
MATERIAL AND METHODS 

Extrusion 

 As a part of the research, extrusion of the mixture of maize and rapeseed by-products in the 
ratio of 50:50% was performed. Mixture was prepared in a double shaft pedal mixer Muyang 
SLHSJ0.2A (Muyang Co., Yangzhou, PR China) after grinding raw materials in a hammer 
mill. The investigation on the influence of thermal treatment on the mixture of maize and 
useful rapeseed by-products was performed in the pilot plant at the Institute of Food 
Technology in Novi Sad on an extruder manufactured by Amandus Kahl from Hamburg. The 
extruder has a capacity of 100 kg/h. The extrusion was conducted at 130 °C. 

Chemical composition and glucosinolate content 

The samples were analyzed to the moisture content (AOAC Method 934.01), crude protein 
content (AOAC 978.04 Method) and crude fiber content (AOAC 978.10 Method). Additionally, 
feed mixtures were analyzed to crude ash (AOAC Method 942.05) and crude fat content 
(AOAC 920.39 Method). Glucosinolate content of mixture based on maize and rapeseed by-
products was determined by the method MSZ-08-1908 (1989).  

Microbiology 

The total number of bacteria was determined by the method SRPS EN ISO 4833:2008 and 
the total number of yeasts and molds using EN ISO 21527 -2:2008 method. Salmonella spp. 
was examined by the SRPS EN ISO 6579:2008 method, while Coagulase positive 
staphylococci were examined by the method EN ISO 6881-1:2008. Clostridium perfringens 
were determined by the SRPS EN ISO 7937:2008 method. 

Fatty acid profile 

Lipids were extracted from the samples by using cold extraction process, which involves 
mixing/homogenizing with chloroform: methanol mixture (2:1) according to the method by 
Folch et al. (1957). Fatty acid methyl esters were prepared from the extracted lipids using 
method based on 14% boron trifluoride/methanol solution, as recommended method for this 
type of substrates (Verešbaranji, 1996).  

Obtained samples were analyzed by a GC Agilent 7890A system with FID, autoinjection 
module for liquid, equipped with fused silica capillary column (SP-2560, 100 m x 0.25mm, 
I.D., 0.20µm). Helium was used as a carrier gas (purity > 99.9997 vol %, flow rate = 
1.26 ml/min).  

The fatty acids peaks were identified by comparison of retention times with retention times of 
standards from Supelco 37 component fatty acid methyl esters mix and with data from 
internal data library, based on previous experiments. Results were expressed as mass of 
fatty acid or fatty acids group (g) in 100 g of fatty acids. 
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Data analysis 

The one-way ANOVA analysis and t-test were performed to assess data differences between 
various treatments using Statistica software version 12 (Statistica, 2013). The data means 
were considered different at P<0.05. 

RESULTS AND DISCUSSION 
 
Based on the results regarding the chemical composition of non-extruded and extruded 
mixtures (Table 1) it could be noticed that extrusion processing had influence of moisture 
content, while there was no other significant differences (P>0.05) in chemical parameters 
among samples. Also, the glucosinolate content was significantly (P<0.05) reduced in 
extruded mixture (7.82 μmol/g) compared to non-extruded mixture of maize and useful by-
product obtained by rapeseed processing (10.30 μmol/g). Smithard and Eyre (1986) reported 
the reduction of 19-23% of total glucosinolate content after applying the procedure of dry 
extrusion (135 °C) on a mixture of rapeseed and barley as well on a mixture of rapeseed and 
sunflower meal. Moreover, the reduction of glucosinolates content of 19% was recorded by 
Aumaitre et al. (1989) when dry extrusion was applied on rapeseed. 

Therefore, it was observed that the feed mixture prepared in this manner has showed 
satisfying nutritional and chemical profile. 
 
Table 1. Chemical composition and glucosinolate content of non-extruded and extruded mixture 
consisted from useful waste products of rapeseed in combination with maize 

Quality parameters Non-extruded mixture Extruded mixture SEM 

Moisture content (%) 8.71
a
 5.57

b
 0. 20 

Crude protein (%) 15.33
a
 15.66

a
 0.42 

Crude fat (%) 18.88
a
 20.42

a
 0.65 

Ash (%) 2.54
a
 2.57

a
 0.09 

Crude celullose (%) 13.50
a
 13.36

a
 0.35 

Glucosinolate (μmol/g) 10.30
a
 7.82

b
 0.40 

SEM - standard error of the means (n = 3); 
a-b 

Values with different letter indexes in the same row are statistically 
significantly different (P<0.05) 
 

Based on the number of microorganism in the tested samples (Table 2), it was noticed that 
obtained samples meet the requirements of the current national regulation (Pravilnik, 2010). 
However, in extruded mixture was recorded considerably lower number of yeasts and molds 
compared to non-extruded sample. Also, TVAC value was substantially higher in non-
extruded mixture (2100 cfu/g) compared to the number in extruded mixture (<10 cfu/g). It 
could be said that relatively low temperature applied in this treatment (130 °C), within a very 
short time (6-10 s), but at very high pressure (from 30 to 40 bar) provided hygienic safety of 
the extruded product, which plays an important role in terms of storage and preservation of 
extruded material (Kormanjoš et al., 2007; Kormanjoš et al., 2008; Kormanjoš et al., 2012a; 
Kormanjoš et al., 2012b). 
 
Table 2. Microbiology of non-extruded and extruded mixture consisted from useful waste products of 
rapeseed in combination with maize 

Microorganism 
Non extruded mixture Extruded mixture 

TVCYM (cfu/g) 14000 <100 
TVAC (cfu/g) 2100 <10 
C.perfringens (cfu/g) <10 <10 
Coagulase-positive staphylococci (cfu/g) <100 <100 
Salmonella spp not detected in 50 g not detected in 50 g 
TVCYM - total viable count yeasts and moulds; TVAC- total viable aerobic count; cfu- colony forming units 
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As it can be seen from the Table 3, the fatty acid composition of non-extruded mixture 
consisted of approximately 8.17% saturated (SFA), 53.85% monounsaturated (MUFAs) and 
37.98% polyunsaturated acids (PUFAs). Similarly, the fatty acid profile of extruded mixture of 
maize and rapeseed by-product was found to be 8.18% saturated (SFA), 52.87% 
monounsaturated (MUFAs) and 38.95% polyunsaturated acids (PUFAs) with any statistical 
difference (P>0.05) between these two samples.Palmitic acid (C16:0) was the most common 
of the saturated fatty acids (SFA) in both investigated samples without any statistical 
differences (P>0.05) among them. Oleic acid (C18:1n9-cis) was the most abundant 
monounsaturated fatty acids (MUFAs) in both samples whereas in non-extruded mixture was 
recorded significantly higher (P<0.05) amount of this fatty acid (53.52%) compared to 
extruded mixture (52.49%).  

Popović et al. (2015) reported that MUFAs, especially oleic acid, have positive influence on 
decrease of plasma triacylglycerol and cholesterol concentrations without any adverese 
effects on plasma HDL-cholesterol levels.  
 
Table 3. Fatty acid composition of non-extruded and extruded mixture consisted from useful waste 
products of rapeseed in combination with maize 

Fatty acid Non-extruded mixture Extruded mixture 

C6:0 0.02
a
 0.02

a
 

C10:0 0.01
a
 0.00

a
 

C12:0 0.02
a
 0.01

a
 

C15:0 0.03
a
 0.03

a
 

C16:0 6.16
a
 6.11

a
 

C16:1 0.33
a
 0.33

a
 

C18:0 1.88
a
 1.96

a
 

C18:1n9c 53.52
a
 52.49

b
 

C18:2n6c 25.27
a
 24.48

b
 

C18:3n6 0.02
a
 0.02

a
 

C20:1n9 0.00
b 

0.03
a
 

C18:3n3 12.29
a
 12.03

a
 

C21:0 0.01
a
 0.00

a
 

C20:2 0.02
b
 0.06

a
 

C20:3n3 0.35
b
 2.33

a
 

C23:0 0.04
a
 0.04

a
 

C22:2n6 0.02
a
 0.03

a
 

C20:5n3 0.02
a
 0.00

b
 

C24:1 0.00
b
 0.02

a
 

SFA 8.17
a
 8.18

a
 

MUFAs 53.85
a
 52.87

a
 

PUFAs 37.98
a
 38.95

a
 

SFA-saturated fatty acids; MUFA- Monounsaturated fatty acids; PUFA-Polyunsaturated fatty acids; Values are 
expressed as percentages of total fatty acids; Values are given as mean value (n=3); 

a-b 
Values with different 

letter indexes in the same row are statistically significantly different (P<0.05) 
 

Linoleic acid (C18:2n6-cis) was the most frequent in both samples among the 
polyunsaturated fatty acids (PUFAs). Linoleic acid belongs to essential fatty acids, which 
means that cannot be synthesized in the body and therefore consumption of food with high 
levels of this acid is of major importance (Schmitz and  Ecker, 2008).  

In the organism, linoleic acid present  precursor in the biosynthesis of arachidonic acid (AA) 
and thus some prostaglandins, leukotrienes (LTA, LTB, LTC) etc., which are important 
regulators of cellular functions with inflammatory, atherogenic and prothrombotic effects 
(Schmitz and  Ecker, 2008). In addition, it was noticed that eicosapentaenoic acid (C20:5n3) 
content in non-extruded mixture was significantly higher (P<0.05) compared to the content in 
the extruded sample.  
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CONCLUSIONS 
 
Based on the fact that the extrusion processing was used to improve the nutritional, hygienic, 
and chemical characteristics of the treated material, it could be concluded that its use is more 
than justified. The inactivation of the thermo labile antinutrients is achieved and  therefore, 
microbiological safety of the final product is provided. Moreover, chemical composition and 
fatty acid profile of the investigated mixture remained unchanged to a large extent. Finally, 
the extruded mixture of maize and by-product obtained by rapeseed processing can be used 
in animal nutrition as a high valuable nutrient. 
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ABSTRACT 
 
Since animal production systems are important contributors in global food chain with emphasis on the 
production of healthy and high quality food for humans, animal nutrition have become increasingly 
critical component in this chain. The main problem in animal nutrition is providing high-quality protein 
feed. Therefore, finding new sources of proteins is a goal of scientists from around the world. In fish 
naturally-breeding systems, significant amounts of waste materials, so called "fish weed", remains 
after fish production and could be considered as a potential nutrient in animal feed. 
The aim of the present study was to investigate the chemical and nutritional characteristics of by-
product which stands out after fish production. It has been found that these potential nutrient contain 
significant amount of proteins (60.22% DM) which have high biological value, due to the high level of 
protein digestibility (95.80%), and high content of essential and semi-essential amino acids. Based on 
the obtained results, it could be concluded that fish unsuitable for human consumption presents high 
valuable protein nutrient convenient for the preparation of animal feed. 
However, the high content of water (76.42%) in "fish weed" indicates that investigated raw material 
needs to be treated by drying or extrusion in order to obtain feedstuff favorable for storage. 
 
Keywords: fish, „fish weed“, high valuable nutrient, animal feed 

 

INTRODUCTION 
 
In the last few decades, livestock production is growing rapidly as a result of the increasing 
demand for products of animal origin. At the same time, animal feed has become an 
increasingly critical component of the integrated food chain and the big rise in natural protein 
sources demand are noticed. Therefore, a variety of materials are used to provide proteins 
from plant sources.  

The usefulness of a protein feedstuff depends upon its ability to supply a sufficient amount of 
the essential amino acids required by animals, whereby the protein digestibility also plays 
important role (Scanes et al., 2004). Moreover, proteins are one of the most expensive 
ingredients in animal diets and therefore proper protein usage is essential in all feeding 
systems (Beski et al., 2015). 

In the last few years, by-products obtained from the processing of fish, so called "fish weed", 
gained in importance and have become the subject of many studies. These by-products 
represent high quality and cheap sources of proteins, which are not yet sufficiently exploited. 
However, the main problem during the processing of "fish weed" is the removal of bound 
water and fat. Investigation of Ristić et al. (1997) have shown that simple and economical 
technology of drying, using plant nutrient carriers, could lead to feedstuffs of fish origin which 
have adequate amino acid composition. 

The aim of this study was to highlight the basic chemical and nutritional characteristics of 
"fish weed" that can be processed into high-quality fish meal or processed by extrusion into 
the protein-energy feed for animal nutrition. 
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MATERIAL AND METHODS 
 
The investigation of "fish weed" quality was performed at the Institute of Food Technology in 
Novi Sad. 

The sample was analyzed to the moisture content (AOAC Method 934.01), crude protein 
content (AOAC 978.04 Method) and crude fiber content (AOAC 978.10 Method). Additionally, 
by-product which stands out after fish production was analyzed to crude ash (AOAC Method 
942.05) and crude fat content (AOAC 920.39 Method). The calcium content in investigated 
sample was determined by FINSLab-5.4-3M-025 Method. Total phosphorus content was 
determined by the method described in the Regulation on the sampling methods and 
methods of physical, chemical and microbiological analysis of animal feed (1987) (In 
Serbian: Pravilnik o metodama uzimanja uzoraka i metodama fizičkih, hemijskih i 
mikrobioloških analiza stočne hrane). Pepsin digestibility of proteins was defined using 
AOAC 971.09 Method. 

Determination of As, Pb and Cd (AAS method) was examined by the method FINSLab-5.4-
3M-004/13, while total mercury (Hg) content (on automatic mercury analyzer AMA 254; AAS 
method), was defined by FINSLab-5.4-3M-005 Method. 

Determination of amino acid profile of "fish weed" sample was done as follow: Firstly, sample 
was hydrolysed in 6 mol/L HCl at 110°C for 24 h. Afterwards, was filtered and made up to 50 
mL in sodium citrate buffer (pH 2.2). Subsequently, prepared sample was filtered through 
0.22 μm pore size PTFE filter (Plano, Texas, USA) and the filtrate was transferred to an 
HPLC vial. Amino acid profile was determined using Biochrom 32+ (Biochrom, U.K.) amino 
acid analyzer equipped with ultropac 8 cation-exchange column and postcolumn ninhydrin 
detection system set at 570 nm (except for proline and hydroxyproline which are detected at 
440 nm). The amino acid peaks were identified by comparing the retention times with 
retention times of standard purchased from Sigma Aldrich and with data from internal data 
library based on previous experiments. Results were expressed as mass of amino acid (g) in 
100 g of sample or proteins. 
 

RESULTS AND DISCUSSION 
 
Results of chemical composition and pepsin digestibility of proteins of "fish weed" are 
presented in Table 1. 

Table 1. Chemical composition and pepsin digestibility of proteins of "fish weed" 

Quality parameters  % in sample % in dry matter 

Moisture content 76.42 - 

Crude protein 14.20 60.22 

Crude fat 4.62 19.59 

Ash  2.50 10.60 

Crude celullose 1.45 6.15 

Calcium  0.91 3.85 

Phosporus 0.32 1.36 

Pepsin digestibility of proteins 95.80 - 

 

The chemical composition of "fish weed" points to the high water content (76.42%) in 
investigated samples. Also, it was recorded high protein content calculated on the dry matter 
(60.22% DM), as well as fairly high fat (19.59% DM) and mineral contents(10.60% DM). 
Filipović et al. (2010) have also examined the quality of "fish weed" in order to produce 
extruded mixture of "fish weed" and soybean grits as potential feedstuff for animal nutrition. 
They found a lower content of crude proteins (53.06% DM) in "fish weed" samples, but 
higher content of crude fat (27.80%) compared to the results recorded in the present study. 
The contents of calcium and phosphorus were similar as contents obtained in this study 
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(3.61% DM and 1.29% DM). Certainly, it is important to bear in mind that fish origin, nutrition 
and environment have significant influence on the chemical composition of muscle tissue in 
fish (Ristić et al., 1992; Vujković, 1996). 
 
Protein quality assessment was established by pepsin digestibility of proteins. As it can be 
seen from the Table 1, the investigated digestibility rich pretty high value of 95.80%. Similar 
levels of pepsin digestibility of proteins were recorded by Ristić et al. (1992; 1997) and 
Vujković et al. (1993).The protein quality evaluation of "fish weed" was also confirmed by the 
investigation of amino acid profile of sample. The amino acid composition found in the 
investigated sample of "fish weed" is shown in Table 2. 

Table 2. Level of essential and semi-essential amino acids in "fish weed" 

Amino acids % in sample % in protein 

Lysine 1.05 7.39 

Histidine 0.26 1.83 

Arginine 0.83 5.85 

Threonine 0.76 5.35 

Valine 0.62 4.37 

Methionine 0.31 2.18 

Isoleucine 0.63 4.44 

Leucine 1.05 7.39 

Phenylalanine 0.53 3.73 

Tryptophan 0.13 0.92 

Cystine 0.12 0.85 

Tyrosine 0.55 3.87 

The content of amino acids is expressed as g per 100 g of sample, as well as g per 100 g of proteins. 
 

It is known that lysine plays very important role in animal growth, as well as in the production 
of carnitine, which turns fats into energy and thereby affects the reduction of cholesterol. 
Moreover, lysine helps in calcium absorption and collagen production. Lack of methionine in 
animal nutrition often results in slow growth and poor feed efficiency in animals (Opstvedt et 
al., 2003). Also, leads to the low protein content in the carcass and to the fat deposition in the 
body (Abidi and Khan, 2011).  

Regarding the cystine, it is reported that functions of this amino acid include protein 
synthesis and the biosynthesis of taurine, sulfate and glutathione (Khan, 2014). Based on 
these facts, the emphasis in this study was on the lysine, methionine and cystine content in 
total proteins. Contents of mentioned amino acids in investigated sample were quite high 
(7.39, 2.18 and 0.85, respectively), which indicated that amino acid profile of "fish weed" 
proteins is satisfying to be incorporated in animal nutrition. 

The results of heavy metal contents in "fish weed" are shown in Table 3. 
 
Table 3. The content of heavy metals in the "fish weed", mg/kg 

Metal "Fish weed" 

As <0.5 

Pb 0.86 

Cd <0.05 

Hg 0.00174 

 
The obtained results showed that arsenic, lead, cadmium and mercury contents are within 
the limits allowed by the requirements of the Regulation on the quality of feed (2010) (In 
Serbian: Pravilnik o kvalitetu hrane za životinje), which means that by-product obtained from 
the processing of fish in naturally-breeding systems, so called "fish weed", is safe 
supplement for animal feed production regarding the heavy metal content. 
 



XVII International Symposium “Feed Technology” 

67 

 

CONCLUSIONS 
 
Based on the obtained results it could be concluded that by-product which stand out after fish 
production present a high-valuable raw material which could be used as potential nutrient in 
animal feed production. However, the high moisture content (76.42%) in „fish weed“ indicates 
that this raw material needs to be treated by drying or by extruding in order to obtain 
feedstuff suitable for application and storage. 
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ABSTRACT 
 
This study was conducted in oder to investigate the synergistic effects of medicinal herbs such as 
Rosemary, Oregano and Thyme in broiler nutrition on productive performance and antioxidant status 
of broiler chickens (glutathione peroxidase-GSHPx, superoxide dismutase–SOD and concentration of 
malondialdehyde-MDA). For biological research two treatments with the total of 300 broiler chickens of 
hybrid line Hubbard were formed, with four replicates each. In the control treatment (CON) chickens 
were fed with the commercial mixtures contained salinomycine (60 mg/kg) while chickens in  
experimental treatment (HMx) were fed with the same commercial mixtures only with addition of 
20 g/kg of medicinal herbs mixture which contained herbs: Rosemary, Oregano and Thyme (1:1:1). 
Experiment lasted for 42 days. Samples of blood were collected for the subsequent evaluation of 
antioxidant status. On the basis of gained results it can be concluded that chickens in experimental 
treatment (HMx) achieved statistically significantly (P<0.05) higher final body mass (2289.8 g) 
compared to control chickens. At the end of the trial, feed conversion ratio was improved with the 
herbs mixture addition but without statistically significant differences (P>0.05) compared to chickens 
fed with diet supplemented with salinomycine. Diet supplemented with mixture of Rosemary, Oregano 
and Thyme significantly decreased the concentration of malondialdehyde (MDA) in chickens plasma 
compared to the control treatment. The activitiy of glutathione peroxidase (GSH Px) was significantly 
higher in chickens blood fed with the diet containing mixture of herbs compared to control chickens. 
The obtained results indicated that mixture of Rosemary, Oregano and Thyme exibit a significant 
antioxidant activity in fattening chickens and can be used as a source of antioxidants in broilers diet. 
Also, used mixture of medicinal herbs could be considered as a potential growth promoter in poultry 
nutrition. 
 
Keywords: Rosemary, Oregano, Thyme, productive performance, antioxidant status, broilers 

 
INTRODUCTION 
 
The use of naturally occurring compounds like herbs and herbal products is becoming a new 
goal in livestock production (Makkar et al., 2007). Herbs and spices rich in etheric oils can 
act in several directions: antimicrobial and antioxidative. Also, could be used as potential 
growth promoters (Shaloby et al., 2006) and appetite stimulators (Citarasu, 2010). They have 
various functions like antistress (Citarasu, 2010) and immune functions (Dugenci et al., 
2003). They could have effects on skin coloration (Yilmaz and Ergun, 2011), egg hatching 
rates (Yilmaz and Ergun, 2012a) and haematological and biochemical status (Yilmaz and 
Ergun, 2012b). 

Nowadays, there has been an increase in demand for natural antioxidants in food due to its 
health benefits against oxidative stress and several diseases. Plant derived antioxidants are 
gaining more demand in poultry nutrition since broilers meat has high content of 
polyunsaturated fatty acids which are susceptible to lipid oxidation (Christaki, 2012). Many 
plants have been identified as excellent poultry antioxidants (Madsen and Bertelsen, 1995).  
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Rosemary (Rosmarinus Officinalis L.) is a member of the mint family Lamiaceae. Bioactive 
chemical components of rosemary oil are α-pinene, borneol, β-pinene, camphor, bornyl 
acetate, camphene, 1,8-cineole and limonene and they are particularly high antioxidants 
(Erkan et al., 2008).  Rosemary and rosemary extracts are some of the most studied natural 
antioxidants in poultry production and these studies have demonstrated the ability of 
rosemary products to act as natural antioxidants in various products of poultry origin (Rojas 
and Brewer, 2007).The therapeutic properties of rosemary oil are analgesic, antidepressant, 
carminative, digestive, diuretic, hepatic, hypertensive, stimulant and tonic. The leaves also 
contain the flavonoid pigments diosmin, diosmetin, and genkwanin (Penalver et al. 2005). 

Oregano (Origanum vulgare L.) also belongs to the family Lamiaceae. In addition to other 
ingredients, it contains more than 4% essential oil which is mostly composed of two phenols: 
thymol and carvacrol in variable quantity. In addition to basic biological effects, such as 
antibacterial effects and impact of an increase in appetite, essential oil of oregano can be 
used as an alternative to antibiotic growth promoters in chickens (Botsoglou et al., 2002) and 
pigs nutrition (Manzanilla et al., 2004). 

Thyme (Thymus vulgaris L.) is a species of flowering plant in the mint family Lamiaceae, 
native to southern Europe from the western Mediterranean to southern Italy. Thyme has 
strong antimicrobial and antioxidant activity due to its very high contents of thymol, p-
cymene, carvacrol, eugenol and 4-allylphenol (Lee et al., 2005; Rota et al., 2008). 

The aim of the study was to investigate the synergistic effect of Rosemary (Rosmarinus 
Officinalis L.), Oregano (Origanum vulgare L.) and Thyme (Thymus vulgaris L.) in broiler 
chicken nutrition on productive performance and antioxidant status of broiler chickens in 
comparison to antibiotic salinomycine. 

 
MATERIAL AND METHODS 

Animals, housing and nutrition 

The experimental protocol was approved by the local Ethics Committee, the principles of 
animal protection were strictly followed. At the beginning of the experiment, a total of 300 
one-day old Hubbard broilers were distributed into two dietary treatments with four replicates 
each. Every dietary treatment included 150 chickens, which were divided in four pens with 
37-38 chicken per each pen. In the control treatment (CON) chickens were fed with a 
standard diet supplemented with coccidiostatic salinomycine in a profilactic dose (60 mg/kg), 
while in experimental treatment (HMx) chickens were fed  with a standard diet supplemented 
with medical herbs mixture in concentration 20 g/kg, consisted of rosemary, oregano and 
thyme in the  ratio 1:1:1. Chickens were reared on floor holding system. For nutrition of 
chickens three mixtures were used, starter, grower and finisher through pan feeders, as is 
shown in Table 1. Chemical composition of used starter, grower and finisher mixtures is 
given in Table 2.  
 
Table 1.  Experimental design 

Experimental 
treatmens 

 Concetration of additives in chicken diets, g/kg 

Additive 
Starter Grower Finisher 

1 – 14 days 15 – 35 days 36 – 42 days 

CON 
Control treatment 

(salinomycine) 
0.60 0.0 0.0 

HMx 
Mixture of rosemary, 
oregano and thyme 

(1:1:1) 
0.0 20.0 20.0 

CON-commercial mixtures; HMx- mixture of rosemary, oregano and thyme (1:1:1)   
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Effects of herbal mixtures were expressed on the basis of the daily live weight gain, feed 
conversion ratio and daily feed intake of broilers. During the experiment chickens were fed 
and watered ad libitum. Microclimate conditions were regularly monitored. Body weight was 
monitored at an individual level during the entire experimental period every seven days, while 
the feed conversion ratio was monitored at the pen level also every seven days. 
 
Table 2. Chemical composition of dietary mixtures, % 

Nutrients 
Diet mixtures 

Starter Grower* Finisher* 

Dry matter 89.4 89.3 89.4 

Moisture 10.5 10.7 10.5 

Crude protein 21.1 20.7 17.3 

Crude fat 3.9 3.9 4.7 

Crude  fibre 3.5 3.5 3.6 

Crude ash 5.0 4.8 5.6 

Ca 0.8 0.9 1.1 

P 0.6 0.6 0.5 

Metabolic Energy, MJ/kg 12.5 12.8 13.3 
*Herbs dietary mixture is added on top on the basic diet  

Preparation of blood hemolysate 

At the end of 6th week, twelve birds were randomly chosen from each treatment and bled via 
wing vein puncture to obtain blood samples.The standard method of hemolysate preparation 
currently being used in the laboratory is the Chernoif procedure (Chernoff, 1955) with slight 
modifications. This method involves washing the red blood cells with saline solution, then 
adding water to 'lyse the red blood cells and a lipid solvent (such as toluene) to remove cell 
stroma. Afterwards, samples are vigorously shaken, centrifuged and then filtered. 
 
Preparation of liver homogenate 

Liver homogenates were prepared by mixing one portion of 0.5 g of liver with 2.5 ml of 0.25M 
Trizma base buffer pH 7.4 (containing 0.2M sucrose and 5 mM DTT) and homogenized in a 
mechanically driven homogenizer. The homogenate was centrifuged at 10,000xg and the 
supernatant was collected and kept for further analysis (Mateos et al., 2005). Protein content 
was determined by the method of Prakash et al. (2010). 
 
Determination of enzymatic activity 

Superoxide-dismutase (SOD) (EC1.15.1.1) activity was determined by spectrophotometric 
method based on the inhibition of adrenaline reduction to adrenochrome at pH=10.2 
(Kostadinović et al., 2001). The gluthatione-peroxidase (GSHPx) (EC1.11.1.9) activity was 
determined by spectrophotometric measurement of absorbance at 412 nm with 
cumenhydroperoxide as the substrate (Chiu et al., 1976). The level of MDA was measured 
spectrophotometrically on UV-VIS spectrophotometer at 535 nm. MDA levels are expressed 
as nmol/mg of protein concentrations using calibrating curves (Lovrić et al., 2008). 
 
Data Analysis 

Statistical analyses were conducted within statistical software program STATISTICA 12 
(2013), to determine if variables differed between treatments. Significant effects were further 
explored using analysis of variance (ANOVA) with repeated measurements, least square 
means (LSM) and standard errors of least square means (SELSM), as well as Fisher's LSD 
post-hoc multiple range test with Bonferroni corrections to ascertain differences among 
treatment means. A significance level of P<0.05 was used. 
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RESULTS AND DISCUSSION 

Based on the obtained results it caould be concluded that the dietary Rosemary, Oregano 
and Thyme mixture addition in the diet of broiler chickens showed its synergistic effect and 
led to a statistically significant (P<0.05) differences in chicken body weights (Table 3). 
Chickens have finished the preparatory period with uniform body weight with no statisticaly 
significant differences (P>0.05). The same tendency was observed at the end of third week 
(795.6 and 788.6 g) of chicken fattening. At the end of the fourth week the higher body 
masses were recorded in chickens from treatment supplemented with 20.0 g/kg of dietary 
mixture (1168.7 g) with statistically significant differences (P<0.05) compared to control 
treatment (1152.4 g). At the end of the second fattening period, addition of herbal mixture 
exerted the stimulating effect and led to statistically significant differences (P<0.05) in body 
weight in relation to the control treatment (1827.5 and 1753.8 g). At the end of experimental 
period, the highest achieved body weight of chickens was in treatment HMx (2289.8 g) with 
statistically significant differences (P<0.05) compared to control treatment  (2067.8 g). 

Table 3. Chicken body weight, g 

Experimental 
treatments 

Age of chickens 

1 day 7 days 14 days 21 days 28 days 35 days 42 days 

CON 
LSM 43.8

a
 163.7

a
 389.6

a
 795.6

a
 1152.4

b
 1753.8

b
 2067.8

b
 

SELSM 0.47 1.52 3.64 8.38 11.84 12.2 24.23 

HMx 
LSM 42.8

a
 164.2

a
 385.9

a
 788.6

a
 1168.7

a
 1827.5

a
 2289.8

a
 

SELSM 0.47 1.6 3.81 8.38 11.71 12.02 23.78 
Treatments with different letter indexes in the same column are statistically significantly different (P<0.05) 

From the results given in Table 4 it can be seen that feed conversion ratio in preparation 
period of chicken was uniform and ranged between 1.3 and 1.4 kg of feed per kg of gain, 
without statistically significant (P>0.05) differences among treatments. For the entire feeding 
period during the experiment the lowest feed conversion ratio of 1.9 kg/kg was recorded in 
treatment HMx, while the highest was in the control treatment. Lower feed conversion ratio in 
experimental treatment showed that addition of dietary mixture of Rosemary, Oregano and 
Thyme in amount of 2.0 % have positive influence on feed utilization and efficiency. 

Table 4. Chicken feed conversion ratio, kg/kg 

Experimental 
treatments 

Periods of nutrition 

Starter phase Grower phase Finisher phase Entire period 

1 – 14 days 15 – 35 days 36 – 42 days 1 – 42 days 

CON LSM 1.3
a
 1.8

a
 3.0

a
 2.1

a
 

HMx LSM 1.4
a
 1.8

a
 2.6

b
 1.9

a
 

Pooled    SELSM 0.01 0.05 0.14 0.15 
Treatments with ifferent letter indexes in the same column are statistically significantly different  (P<0.05) 

Present study showed that the dietary mixture addition had positive effect on production 
results of chickens, which is also in agreement with previous findings of Hernandez et al. 
(2004) who used extracts from Salvia officinalis, Thymus vulgaris and Rosmarinus officinalis 
and the blend of carvacrol, cinnamaldehyde and capsaicin in broiler chicken nutrition. 
Selected medicinal herbs have positive effects on nutrient digestibility, appetite and 
digestion, since they are rich in thymol, carvacrol, eugenol and borneol. These active 
components stimulate the function of pancreatic enzymes and increase the activity of 
digestive enzymes of gastric mucosa (Srinivasan, 2005). Also, they accelerate the digestion 
and shorten the time of feed/food passage through the digestive tract, stimulate the immune 
system and thus affect the increase in live weight gain and feed conversion.  

The results of antioxidant indices in hemolysed blood are shown in Table 5. The MDA 
concentration in blood hemolysates, as an indicator of lipid peroxidation, was significantly 
lower (P<0.05) in HMx treatment compared to the control treatment. Dietary 20 g/kg HMx 
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supplementation caused a significant increse in the serum enzyme activity of superoxide 
dismutase (SOD) and glutathione peroxidase (GPx) compared to the control treatment. 

Table 6 shows hepatic antioxidant indices of chickens. Significantly higher levels of SOD 
activity were found in the experimental treatment compared to the control treatment. The 
GSHPx activity in the liver, also was higher in the experimental chickens (HMx) compared to 
the control group treatment, but without statistically significant differences (P>0.05). The 
MDA level in broilers liver was linearly reduced by the inclusion of mixture of rosemary, 
oregano and thyme in experimental treatment compared to the control chickens. 

Table 5. Superoxide dismutase (SOD) and glutathione peroxidise (GSH-Px) activities and 
malondialdehyde (MDA) content in hemolysed blood of broilers at 42 d of age 

Experimental 
treatments 

SOD  
(10

8
 U/mg of protein) 

GSH-Px  
(U/mg of protein) 

MDA 
(nmol/mg protein) 

CON LSM 1.41
a 

6.70
a 

7.42
a 

 SELSM 0.47 0.15 0.14 

HMx LSM 1.78
b
 6.88

a 
6.08

b
 

 SELSM 0.47 0.16 0.13 
Treatments with different letter indexes in the same column are statistically significantly different  (P<0.05) 

 
Table 6. Superoxide dismutase (SOD) and glutathione peroxidise (GSH-Px) activities and 
malondialdehyde (MDA) content in homogenate liver of broilers at 42 d of age 

Experimental 
treatments 

SOD  
(10

8
 U/mg of protein) 

GSH-Px  
(U/mg of protein) 

MDA 
(nmol/mg protein) 

CON LSM 2.84
a 

3.34
a 

6.16
b 

 SELSM 0.11 0.21 0.15 

HMx LSM 3.26
b
 3.89

a 
5.22

a
 

  SELSM 0.12 0.24 0.18 
Treatments with different letter indexes in the same column are statistically significantly different  (P<0.05) 

The blood and liver SOD and GSHPx activity results obtained in the present study indicate 
that the active substances of the phytogenic product may improve the antioxidative status of 
broilers due to the antioxidant property of thymol, carvacrol, eugenol and borneol by 
elevating the activity of antioxidant enzymes. SOD and GSHPx are the main parameters 
used to assess oxidative status in the enzymatic system. Also, MDA can endogenously 
reflect lipid peroxidation, which is the consequence of diminshed antioxidant protection as 
levels of ROS (reactive oxygen species) increase. Several enzymatic factors such as SOD 
and GSHPx can scavenge formed ROS to function as antioxidants.  

Superoxide can first be degraded into H2O2 by SOD and subsequently catalyzed to convert 
water by a series of enzymes including GSHPx. This could be beneficial for the chickens 
since increased antioxidant activity ensures proper and rapid elimination of ROS. 
Supplementation with herbs mixture, therefore, may enhance the ROS scavenging by 
elevating the SOD level rather than the GSHPx level.  

Lower GSHPx activity is generally accompained with an increase of the MDA concentration. 
In this study, results shows that a mixture of herbs had a positive impact on the system of 
antioxidant protection of blood and liver of broiler chickens. 

CONCLUSIONS 

It can be concluded with certainty that the dietary addition of rosemary, oregano and thyme 
mixture in broiler chicken nutrition has positive synergistic effect on production performance 
of chickens.  Also, the medical herbs addition increased antioxidant activities, which may 
beneficially affect health and performance of broiler chickens. 
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ABSTRACT 
 
The research aim was to compare technological indicators of breast muscle quality of male broiler 
ducklings and chickens fattened in intensive conditions by using standard feeding mixtures. The paper 
presents some technological properties: pH1 and pH2, color of breast muscle, drip loss (%) and 
cooking loss (%). The research was performed on 22 chickens of the Hubbard Classic genotype, and 
on 22 ducklings of the Beijing duck genotype. The values of pH1 were equal. Measured pH1 was 5.98 
for chickens, and 5.99 for ducklings (P>0.05). Breast muscle of chickens proved statistically 
significantly higher value of pH2 than the duck breasts (5.91 and 5.76, respectively). Drip loss was 
significantly higher (P<0.05) in duck meat if compared to chicken meat (3.29% and 2.57%, 
respectively). The intensity of redness of breast muscle is shown as CIE a* and the intensity of 
yellowness is shown as b* value, both being statistically significantly higher in breasts of ducks than in 
breasts of chickens (CIE a* = 16.52 and 2.22, and CIE b* = 10.78 and 5.36, respectively). The CIE L* 
value was higher in chicken meat than in duck meat (CIE L* = 55.27 and 43.06). Significantly higher 
cooking loss was determined for duck meat, being 28.48%, while for the chicken meat it was 20.82%. 
The analysis of meat quality indicated particularities that are depending on the meat type, as well as 
on post-mortem changes in muscles. Both types of meat are of high quality, and their consumption 
depends on consumers’ preferences.  
 
Keywords: technological indicators, quality, ducklings, chickens, breast meat.  
 

INTRODUCTION 
 
In the vast majority of the world's population, poultry meat is accepted as an excellent source 
of high quality protein, vitamins and minerals. In comparison to other poultry meat, such as 
duck meat, chicken meat is mostly consumed. Modern poultry meat production refers to 
intensive poultry breeding with a selection of high-quality hybrid or breed. The quality of meat 
depends on many factors, some of which affect also technological properties. This paper 
presents comparative results of research into pH1 and pH2 values percentage of drip loss, 
percentage of cooking loss, as well as into color (CIE L*, a*, b* values) of chicken and duck 
breast meat. 

 
MATERIAL AND METHODS 
 
The research was performed on 22 chickens of the Hubbard Classic hybrid, and on 22 
ducklings of the Beijing duck genotype. All animals were male. The fattening lasted for 49 
days, and both genotypes were fed commercial mixtures. The starter mixture was used until 
the 21st day of fattening, from the 22nd to 35th day broiler chickens and ducklings were fed 
grower mixture, and during the last two weeks the finisher mixture was used for fattening. 
Chemical composition of mixtures is presented in the Table 1. After slaughtering, carcasses 
were processed according to the Regulations on market standards for poultry meat (OG No. 
78/11) and the Regulations on changes and amendments of Regulations on market 
standards for poultry meat (OG No. 67/12). 
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Table 1. Chemical composition of feeding mixtures used for fattening 

Sample (g/kg) 
Mixture 

Starter Grower Finisher 

Crude protein 
*(HRN EN ISO 5983-2:2010) 

214.1 196.0 190.0 

Fat 
*(HRN ISO 6492:2001; modified according to 
instructions of the ANKOM XT15 extraction system) 

 
25.0 

 
43.0 

 

37.0 

Crude fiber 
*(HRN EN ISO 6865:2001; modified according to 
instructions of the FOSS Fiber Cap manual) 

39.0 47.0 46.0 

Ash 
* (HRN ISO 5984:2004) 

59.0 55.0 51.0 

Moisture 
* (HRN ISO 6496:2001) 

105.0 114.0 118.0 

*Accredited methods to the preparation of samples for testing – according to HRN ISO 6498:2001 (ISO 
6498:1998) 

 
Properties that describe the technological quality of breast muscles were measured on 
carcasses that were cooled at 40C over 24 hours. The pH values were determined by 
punctuation into the breast muscle. Measurement of the pH value was performed by Mettler 
MP 120-B digital pH-meter. The pH values were measured 45 minutes (pH1), and 24 hours 
after slaughtering of poultry (pH2). The pH value of breast muscle is a result of two 
consecutive measurements, and it is represented as their mean value. Color of breast 
muscle was determined 24 hours post slaughtering and cooling of carcasses. The color was 
measured by Minolta CR-300 colorimeter (Minolta Camera Co. Ltd., Osaka, Japan) 
calibrated on a white plate (CIE L*=93.30; CIE a*=0.32 and 1.8; CIE b*=0.33).  Optical lens 
diameter was 8 mm, illumination was D65 and standard observation 10°. Values of color are 
expressed as of CIE-Lab (Commission Internationale de l'Eclairage, 1976), and refer to 
paleness (black-white axis), the degree of redness (red-green spectrum) and the degree of 
yellow color (yellow-blue spectrum). Color of each breast muscle is the result of three 
consecutive measurements, being presented as their mean value. Drip loss is determined by 
the bag method according to Honikel (1998) on 20 samples (10 chicken and 10 duck 
samples). According to the method of Liu et al. (2004), water loss through cooking was 
measured on the left half of the breast muscle (cooking loss, %), which was calculated as 
follows:  
 

Cooking loss (%) = {(weight of sample before cooking (g) – weight of sample after cooking 
(g)) / weight of sample before cooking (g)}×100. 

 
Cooking loss was measured on 22 samples (11 chicken and 11 duck samples). Obtained 
results were processed by Statistica 7.1 (StatSoft, Inc., 2007). Testing of significance of 
difference between examined groups was performed by the Fisher's LSD test. Calculated 
value was compared with theoretic value at the significance level P<0.05. 

 
RESULTS AND DISCUSSION 
 
The Table 2 overviews indicators of some technological properties of breast muscle of broiler 
chickens and ducklings. The pH1 values of breast muscles of chickens and ducklings were 
almost equal (5.98 and 5.99, respectively; P>0,05). Differences obtained for the pH2 values 
were statistically significant. Chicken breasts had higher pH2 value than duck breasts (5.91 
and 5.76, respectively; P<0.05). By analyzing values of drip loss, statistically significantly 
higher loss (P>0.05) was measured in duck breast muscle than in chicken breast muscle 
(3.29 % and 2.57%, respectively). Determined L* value, which indicates the intensity of meat 
brightness, was  52.26 in chicken breasts, thus being statistically significantly higher than the 
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value of duck meat, which was 43.11 (P>0.05). Significantly higher a* value, or the redness 
degree, was higher in breast muscle of Beijing ducks than in the Hubbard Classic chickens 
(chickens a*=2.22 and ducks a*=16.52). Statistically significant differences were determined 
for b* values. The degree of yellowness was more expressed in breast muscle of Hubbard 
Classic chickens than in breast meat of Beijing duck (10.78 and 5.36; P>0.05). Statistically 
significantly higher (P>0.05) loss of water through cooking (cooking loss) was measured in 
breast meat of ducks than in breast meat of chickens (28.48% and 20.82%). Initial pH value 
measured 15 minutes post mortem in breast muscle of chickens ranged between 5.50 and 
6.79 (Ristić and Klaus, 2010), while in duck meat this value was from 6.09 to 6.55 (Kisiel and 
Książkiewicz, 2004, Ali et al., 2007). In many scientific researches, pH1 was measured even 
45 minutes post mortem, which was on average 5.99 in chicken meat (Kralik et al., 2013), 
and 6.25 in duck meat (Ali et al., 2007). Final pH value measured 24 hours post mortem 
(pH2) in chicken breast muscles ranged between 5.6 and 5.9 (Kralik et al., 2008), and in duck 
meat that value was from 5.66 to 6.05 (Smith and Fletcher 1992; Kisiel and Książkiewicz, 
2004).  
 
Table 2. Comparison of technological properties of breast muscle tissue of male broiler chickens and 
ducklings 

Property Statistical indicator Hubbard Classic 
chickens 

Ducklings 
Beijing duck 

pH1 
 

sd 
s  

5.98 
0.11 
0.02 

5.99 
0.09 
0.02 

pH2 
 

sd 
s  

5.91a 
0.13 
0.03 

5.76b 
0.04 
0.01 

CIE L * 
 

sd 
s  

52.26a 
3.32 
0.71 

43.11b 
2.61 
0.55 

CIE a* 
 

sd 
s  

2.22b 
1.01 
0.21 

16.52a 
1.31 
0.27 

CIE b* 
 

sd 
s  

10.78a 
1.93 
0.41 

5.36b 
0.93 
0.19 

Drip loss (%) 
 

sd 
s  

2.57b 
0.71 
0.22 

3.29a 
0.68 
0.21 

Cooking loss (%) 
 

sd 
s  

20.82b 
1.65 
0.49 

28.48a 
1.18 
0.35 

 
If animals experience any form of stress before slaughter, their muscles will decrease 
reserves of glycogen, so the pH value will be kept above optimal values for pH2. Such 
condition causes the occurrence of DFD meat (dark, firm, dry). However, if the pH values 
rapidly decrease after slaughter, along with bad water holding capacity and muscle tissue 
paleness, meat will be PSE (pale, soft and exudative; Woelfel et al, 2002). By comparing the 
values obtained in this research and presented final pH referential values from the literature, 
it can be stated that the meat of examined broiler chickens and ducklings was in the range of 
optimal values. Mazanowski et al. (2003) reported pH values of duck breasts measured 24 
hours post mortem for the genotypes of Beijing duck, sorts A-44 (pH 6.0) and A-55 (pH 6.4). 
Stated pH values are higher than pH2 values measured for duck meat in this research. As 
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expected, duck breast had statistically significantly higher a* value that refers to the degree 
of redness. However, duck breasts exhibited statistically significantly lower values of L* and 
b* that refer to brightness and degree of yellowness of muscle tissue. If compared to chicken 
breasts, higher value of a* for duck breasts is explained by the fact that duck breasts have 
greater share of red muscle fibers (84% red and 16% white), while chicken meat contains 
100% white muscle fibers (Smith et al., 1993). While investigating chicken meat quality, Qiao 
et al. (2001) formed classes that depend on the degree of breast meat brightness. According 
to those authors, the class of lighter than normal includes all samples with CIE L* value 
greater than 53. The class of normal meat refers to samples that have a CIE L* value in the 
range of 48-53, and the class darker than normal classifies all samples with measured CIE L* 
value less than 48. According to Woelfel et al. (2002), marginal values for "normal" chicken 
breasts were: L* 52.15, pH 6.07, drip loss 3.32% and cooking loss 21.02%. The same 
authors reported marginal values for the PSE meat: CIE L* 59.81, pH 5.76, drip loss 4.38 
and cooking loss 26.39%. Results of the presented research into technological properties of 
meat (color CIE L*, pH, drip loss and cooking loss) are in accordance with results for 
“normal” meat that were stated by Woelfel et al. (2002). Values for cooking loss and the color 
of breast meat for Beijing duck are corresponding to values for the same provenience stated 
in the research of Kralik et al. (2014). While comparing properties of duck and chicken meat, 
Ali et al. (2007) concluded that cooking loss of duck meat was greater than of chicken meat, 
which is in accordance with the results of this investigation.  

 

CONCLUSIONS 
 
Upon having analyzed the research results, it can be concluded that, within standard nutrition 
and intensive fattening conditions, there are differences in technological properties between 
chicken and duck breasts (P<0.05). The significant differences in the pH2 value, percentage 
of drip loss, percentage of cooking loss and in color (CIE L*, a*, b*) were observed. It is 
concluded that both types of meat meet technological requirements of quality, however, their 
consumption depends on consumers’ preferences.  
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ABSTRACT 
 
Dandelion (Taraxacum officinale Web) is one of the most widespread grassland species, nevertheless 
a little attention has been paid to its forage potential and mineral composition. In spring 2011 a field 
trial was carried out at Arrhenatherium elatioris habitat type, grown on two semi-natural mesotropic 
grassland locations (Blatna Brezovica, BB; Murski Črnci, MC) in Slovenia. Analyses of the effect of 
dandelion growth stage on nutritive value and concentrations of 13 macro- and micro-minerals were 
performed. Generally, the concentration of water-soluble carbohydrates, crude proteins and net 
energy for lactation were the highest at the vegetative growth stage of dandelion plants and decreased 
with advanced maturity. However, nutritive value and concentration of macro- and micro-minerals 
varied significantly between both locations. Concentrations of Mg (3595 to 9053 and 7470 to 9787 mg 
kg DM; BB and MC, respectively) and Ca (7415 to 16233 mg kg

-1
 DM and 7867 to 11800 mg kg

-1
 DW; 

BB and MC, respectively) increased with advanced maturity on both locations. Concentrations of P, Si, 
Ti and Fe decreased with advanced maturity on both locations. For other detected minerals (S, Cl, Zn, 
Br, Rb, Sr) insignificant trends with advanced maturity were found. Generally nutritive value and 
concentrations of minerals in the herbage met the requirements for animal nutrition. Therefore a 
balanced proportion of dandelion on the grassland had a beneficial effect on nutritive value and 
mineral concentrations in ruminant nutrition. 
 
Keywords: dandelion, growth stage, crude proteins, net energy for lactation, minerals.  

 
INTRODUCTION 
 
Dandelion (Taraxacum officinale Web) is long lived perennial plant distributed in almost 
every temperate and subtropical region of the world (Holm at al., 1997). The species is 
considered as a weed infesting pastures, forage crops and roadside verges (Stewart-Wade 
et al., 2002) and is often controlled using herbicides (McCarty and Murphy, 1994). If 
dandelion is present in large percentage in the sward, it could be problematic during hay 
making, due to slower drying (Isselstein and Ridder, 1993) and leaf shattering. On the other 
hand, it is a valuable feed, based on its fat and carbohydrate content (Spatz and 
Baumgartner, 1990) as well as protein content, which can be similar as in white clover 
(Bockholt et al., 1994). Cattle and sheep consume dandelion as readily as, or sometimes 
even in preference to grass pasture (Stählin 1971, Bergen et al., 1990; Derrick et al., 1993; 
Kispal, 1998). Due to a deep tap-root, dandelion can bring up important minerals from 
deeper soil layers. Harrington et al. (2006) found significantly higher values of Mg, Mn, Cu, 
Zn, B, Co and Se in comparison to the perennial ryegrass (Lolium perenne) and white clover 
(Trifolium repens). Thus, it is long known that mineral content in dandelion is high enough to 
exceed the established requirements for cattle (Bergen et al., 1990). Therefore dandelion 
could be an excellent pasture feed for dairy cattle (Jackson, 1982). It is well known that 
certain number of minerals is required for normal functioning of basically all biochemical 
processes in animals. They must be provided to livestock in optimal concentrations, 
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according to requirements that change during growth and development of an animal and its 
production cycle (Lopez Alonso, 2012). Concentration of macro and micro elements in 
dandelion is not constant, but is influenced by farm management or environmental factors 
like season, locality of the farm, nature of the soil, fertilizer application and industrial 
activities. Industrial and other anthropogenic activities could also influence the distribution 
and levels of mainly toxic elements such as Cd, Ni, Co, Pb, Cr, Hg. The growth stage is the 
most important factor affecting digestibility and chemical composition of forage. However, a 
little attention has been paid to the forage potential of dandelion and its mineral composition. 
The main objective of the present study is to evaluate the potential forage value of dandelion 
and its mineral composition with advancing maturity.  

 
MATERIAL AND METHODS 
 
The experiment was carried out in spring of 2011 on two semi natural grassland at Blatna 
Brezovica (45°97' N; 14°33' E, 194 m a.s.l., Central Slovenia) and Murski Črnci (46°37' N; 
16°6' E, 156 m a.s.l. Eastern Slovenia). The soil in Blatna Brezovica was moderately acid (ph 
CaCl2 = 5,5) and strongly acid in Murski Črnci (pH CaCl2 = 5,1). The phosphorus level in soil 
was moderate (12,6 mg P2O5/100 g) in Murski Črnci and Blatna Brezovica (7,9 mg P2O5/100 
g). The potassium level was moderate in Blatna Brezovica (23,6 K2O) and high in Murski 
Črnci (34,9 mg K2O/100 g). Both grasslands habitat type (Arrhenatherium elatioris) were 
usually used for extensive traditional hay making with cuts in late May and early August, 
ocassionally in autumn there is a third cut if weather conditions are favorable. The 1 kg of 
aerial parts of the dandelion at four different maturity stages were collected in tree replicates 
at time of the first cut from 8.00 to 10.00 GMT to minimize diurnal wariations in water-soluble 
carbohydrate (WSC) content. The WSC, according to Naumann and Bassler (1976) were 
analysed in water extracts. For the determination of crude protein (CP) concentration, fresh 
samples were dried in forced convection ovens at 60 °C and ground through a 1 mm sieve. 
Dry matter (DM) content was determined by drying at 103 °C for 48 h. CP was determined by 
Kjeldahl method (ISO 5983-2, 2005). Net energy value for lactation (NEL) was assessed on 
the basis of the gas volume which was produced during the 24 h incubation of samples with 
rumen liquor in vitro using regression equations suggested by Menke and Steingass (1987). 
The multi-element analysis was performed non-destructively using energy dispersive X-ray 
fluorescence (EDXRF) spectroscopy. Pellets made from 0.5 g to 1.0 g of powdered sample 
material were prepared using a pellet die and a hydraulic press. The pellets were analyzed 
using an EDXRF spectrometer composed of XR-100 SDD silicon drift detector, PX5 digital 
pulse processor and lap top based digital acquisition software (DPP MCA, Amptek). For the 
excitation the disc source of Fe-55 was applied. The analysis of complex X-ray spectra was 
performed using the AXIL (Nečemer et al., 2008) spectral analysis program. Quantification 
was performed using the Quantitative Analysis of Environmental Samples software 
(Nečemer et al., 2011). The estimated uncertainty of the analysis was 5 %. All data were 
subjected to analyses of variance using (Tukey HSD) and least significant differences were 
calculated at P=0.05 for each variable where significant differences were found. 

 
RESULTS AND DISCUSSION 
 
The nutritive value and chemical composition of dandelion in Blatna Brezovica (BB) and 
Murski Črnci (MC) harvested at four different maturity stages are shown in Table 1 and 2. All 
nutritive parameters were higher in Blatna Brezovica (values are not shown). Concentration 
of WSC and Cft in dandelion varied considerably on both locations. The highest 
concentrations of WSC (above 200 g kg-1 DM) and Cft (above 40 g kg-1 DM) were found at 
flowering stage of dandelion at the beginning of May. Generally the concentrations of WSC 
were, except in the last growth stage similar to the values found in the literature for the spring 
cut (Isselstein and Daniel, 1996; Spatzt and Baumgartner, 1990; Wyss and Vogel, 1999). CP 
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concentrations at all growth stages are too low to meet CP needs of lactating dairy cow (180 
g CP kg-1 DM) or dry, pregnant dairy cows (190 g CP kg-1 DM) (Abaye, 2009). The CP 
concentration ranged from 169 to 106 g kg-1 DM and decreased with advanced maturity. The 
decline in CP concentration with advancing maturity occurs on both locations, because of 
decrease of protein in leaves and because the stems with their lower protein concentration, 
make up larger portion of the herbage in more mature samples (Buxton, 1996). On the other 
hand concentration of Cfb progressively increased from the vegetative growth stage to the 
seed ripening stage. Overall the highest NEL was calculated for the vegetative growth stage 
on both locations. It is clearly seen that NEL slightly decreased with advancing maturity. 
However, significantly differ only the values during the seed ripening stage in the last decade 
of May. Results are in agreement with Spatz and Baumgartner (1990), who also noticed 
remarkable decline of NEL in last decade of May. 

Table 1. Nutritive values and mineral contents of dandelion at different growth stages in Blatna 
Brezovica 

WSC = water-soluble carbohydrate; CP = crude protein; Cfb = Crude fiber; CF = Crude fat; NEL = net energy for 
lactation; a-d means within a row with different superscripts differ significantly; SEM = standard error of Means; 
Sig. = significance level; * Significant at P<0.05; ** Significant at P<0.01; Significant at P<0.001; NS: Non-
significant 

Five macro- (P, K, Ca, Mg, S) and eight micro-elements (Cl, Si, Ti, Fe, Zn, Br, Rb, and Sr) 
were determined. Concentrations of P decrease with advanced maturity. Significantly 
(P<0.001) lower values were found only in Murski Črnci after flowering stage. The highest 
values of K were detected at flowering stage on both locations (P<0.001). The optimum K 

Variable 

Date/growth stage of collecting samples 

SEM Sig. 

28.4. 4.5. 16.5. 23.5. 

vegetative 

growth / 

appearance of 

inflorescence 

flowering 
appearance of 

seed heads 

seed 

ripening 

DM g kg
-1

 117
a
 126

a
 127

a
 173

b
 2.9 *** 

WSC 

g kg
-1

 DM 

204
b
 253

c
 222

bc
 137

a
 7.4 *** 

CP 169
c
 147

bc
 126

ab
 106

a
 6.7 *** 

Cfb 149
a
 153

a
 201

b
 174

b
 4.2 ** 

Cft 38
c
 45

c
 27

a
 27

a
 1.4 *** 

NEL MJ kg
-1

 DM 7.00
c
 6.87

c
 6.61

c
 6.40

a
 0.04 *** 

P 

mg kg
-1

 DM 

2670 2657 2525 1873 189 NS 

K 9990
a
 15833

b
 9963

a
 9867

a
 161 NS 

Ca 7415
a
 10133

b
 11167

c
 16233

d
 232 *** 

Mg 3595
a
 6823

b
 6300

b
 9053

c
 597 ** 

S 1575 1760 1363 1867 143 NS 

Cl 2405 2647 2503 2183 150 NS 

Si 2415 2013 2403 2007 199 NS 

Ti 26.7
c
 18.8

b
 16.4

b
 7.2

a
 1.6 *** 

Fe 278
b
 270

b
 243

b
 124

a
 13 *** 

Zn 16.2 16.6 14.7 18.2 0.8 NS 

Br 1.4 2.9 2.3 3.4 0.4 NS 

Rb 4.9  5.7 6.2 4.9 0.5 NS 

Sr 4.4 5.1 6.2 7.3 0.6 NS 
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content of grassland feed is 17 g kg-1 DM (Jankowska – Huflejt et al., 2009), therefore K 
concentrations above 30 g kg-1 DM as were found in Murski Črnci are considered 
undesirable for the grassland based feeding regime. Concentration of Ca (P<0.001) and Mg 
(P<0.01) increased and were the highest at seed ripening growth stage. Results are in 
agreement with results of Grzegorczyk et al. (2013), stating that forage plants should contain 
at least 7 g Ca kg-1 DM. In our study, the Ca concentration of plant DM was on both sites and 
at all growth stages higher than level considered optimal for high-quality forage. Moreover, 
the obtained values for Ca, P, K and Mg in present study are higher in comparison to mineral 
concentration of some forage grasses and legumes reported by Juknevieus and Sabiene 
(2007). They obtained values of 5000-14700 mg kg-1 DM for Ca, 2300-2400 mg kg-1 DM for 
P, 16500-18000 mg-1 kg DM for K and 1400-3000 mg kg-1 DM for Mg. 

Table 2. Nutritive values and mineral contents of dandelion at different growth stages in Murski Črnci 

WSC = water-soluble carbohydrate; CP = crude protein; Cfb = Crude fiber; CF = Crude fat; NEL = net 
energy for lactation; Means within the same row with different superscripts are significantly different; 
SEM = standard error of Means; Sig. = Significance level; * Significant at P<0.05; ** Significant at 
P<0.01; Significant at P<0.001; NS: Non-significant. 

Except for S, the highest concentrations of minerals were found on grassland in Murski 
Črnci. The main reason for higher concentration of S in Blatna Brezovica during all growth 
stages could be result of industrial emissions and other anthropogenic activities surrounding 
the location. Fe and Ti showed significantly (P<0.05) decrease of concentrations with 
advancing maturity. Concentrations of Zn, Br, Rb, Sr slightly increase with advanced maturity 
but were not changed significantly. Out of those micro-elements the highest concentration at 

Variable 

Date/growth stage of collecting samples 

SEM Sig. 

25.4. 5.5. 12.5. 18.5. 

vegetative 

growth / 

appearance of 

inflorescence 

flowering 

appearance 

of seed 

heads 

seed 

ripening 

DM g kg
-1

 105
a
 133

b
 133

b
 146

c
 2.3 *** 

WSC 

g kg
-1

 DM 

151
ab

 240
c
 192

bc
 108

a
 15.2 ** 

CP 137
b
 119

a
 116

a
 114

a
 2.7 ** 

Cfb 169 177 194 183 6.9 NS 

Cft 38
b
 41

b
 30

ab
 27

a
 2.6 * 

NEL MJ kg
-1

 DM 6.40
b
 6.34

b
 6.20

b
 5.85

a
 0.06 * 

P 

mg kg
-1

 DM 

3447
b
 3283

b
 2620

a
 2293

a
 128 *** 

K 30900
b
 36300

c
 32033

b
 25300

a
 458 *** 

Ca 7867
a
 9770

b
 11133

c
 11800

d
 144 *** 

Mg 7600
a
 7805

a
 9787

b
 9893

b
 442 ** 

S 1380 1447 1823 1330 136 NS 

Cl 13569 14268 13750 14335 243 NS 

Si 3783
b
 2770

a
 3047

a
 2723

a
 130 ** 

Ti 37.7
b
 19.6

a
 23.7

a
 14.2

a
 2.6 *** 

Fe 401
c
 353

c
 261

b
 188

a
 14 *** 

Zn 24.6 27.4 24.0 24.0 1.4 NS 

Br 5.9 7.3 4.9 4.5 0.5 NS 

Rb 23.8 27.4 27.1 24.6 1.0 NS 

Sr 15.6 17.6 16.8 16.5 0.6 NS 
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all growth stages was found for Cl. The lowest concentration at comparable growth stages 
were recorded for Br.  

CONCLUSIONS 
 
The nutritive value of dandelion continually declined as it matured. For the majority of 
observed minerals the highest concentrations are found in vegetative growth stage or in 
flowering stage. Dandelion harvested at proper stage of maturity offers considerable potential 
as quality forage on the pasture. Therefore, crop should be grazed or harvested in vegetative 
growth stage - up to flowering, since our study shows that at this growth stage dandelion 
contains the highest amount of minerals, protein and low crude fiber content resulting in 

higher net energy value for lactation.  
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ABSTRACT 
 

Dairy cows performance is determined by the amount of digestible nutrients that is consumed each 
day. The amounts of consumed digestible nutrients are related to both intake and digestibility. The 
objective of this investigation was to determine OMD (Organic Matter Digestibility) of perennial 
legumes. Herbage samples were collected at the begining of flowering from the first to the fourth cut of 
alfalfa, birdsfoot trefoil, white clover and red clover. The experiment was designed as three factorial 
trials by randomized block design in three replicates. The effect of species, cultivar and different cut on 
OMD of perennial legumes was investigated. The differences between OMD of the evaluated 
perennial legume species were significant. White clover had the highest OMD, whereas the lowest 
OMD was determined in alfalfa. The achieved results show that alfalfa cultivars did not differ in OMD, 
but there were significant difference between birdsfoot trefoil, white clover and red clover cultivars. 
The OMD was significantly affected by cut. The second and third cut provided forage with a 
significantly lower OMD. The lowest OMD was determined in the third cut for alfalfa cultivars, in the 
second cut for white clover and red clover cultivars, but the mean values for OMD determined in the 
second and third cut of birdsfoot trefoil were not differed. 
 
Keywords: digestibility, perennial legumes, cultivar, cut 
 

INTRODUCTION 
 
Forages plays a crucial role in ruminant feeding, representing a relevant, and sometimes 
unique component of the diet, and variation in its quality has direct effects on digestive 
functionality, concentrate supplementation, animal performance and health. The main factors 
influencing forage quality are forage species, stage of maturity at harvest, and eventually 
harvest and storage conditions, while environmental parameters are generally considered of 
secondary importance (Van Soest, 1994). Legume forage species are of interest to 
producers because of their high crude protein content and production, as well as their 
function of nitrogen fixation in the soils. Among these species, alfalfa has a long history of 
playing a very important role. While alfalfa, white clover and red clover play an important role 
in forage production systems, birdsfoot trefoil have expanded the range of legume options  to 
reduce groundwater recharge and the spread of soil salinity. 

Forage quality has two main components, digestibility and protein content. Both of them are 
positively correlated to the proportion of leaves in the forage. Stem digestibility is also a 
component of whole plant digestibility (Julier and Huyghe, 1997). Genetic variation for 
digestibility was described by several authors (Buxton et al., 1987; Julier et al., 1996). The 
effects of phenological stages on the decrease of digestibility with growth were described 
and modelled (Lemaire and Allirand, 1993; Julier and Huyghe, 1997). The main variations in 
forage digestibility are attributable to changes in fibre digestibility and the NRC (2001) 
equation for forage energy calculation suggests to evaluate NDF digestibility by in vitro 
procedure or from ADL (Acid Detergent Lignin) content. Genetic variation among cultivars for 
fibre digestibility contents has been reported, as well as a negative relationship  between 
digestibility and forage yield (Julier and Huyghe, 1997).  
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The main objective of this work was to determine the organic matter digestibility (OMD) of 
four perennial legume species affected by harvesting from the first to the fourth cut at the 
same stage of development and to investigate the effect of different cultivar of each 
investigated species on forages digestibility. 
 

MATERIAL AND METHODS 
 
This experiment was carried out in the experimental field of Institute for forage crops in 
Kruševac (43o34`58``N, 21o19`35``E) in 2013. The study area was situated at altitude of 166 
m above sea level in Central Serbia. The mean annual temperature and the total 
precipitation for the region are 12.5º C and 612.6 mm, respectively and did not differ from the 
long-therm average. Climatic dates of research peroid and long terms averages are reported 
in Table 1. 
 
Table 1. Climatic dates from 40-years for the region and in research period 

Year I II III IV V VI VII VIII IX X XI XII 
Total/ 
Mean 

Mean Temperature (º C) (Monthly) 

1972-2012 0.6 2.4 7.2 12.6 16.8 20.4 22.2 22.3 18.6 11.2 7.8 3.2 12.1 

2013 2.6 4.1 6.5 13.4 18.3 20.1 21.9 23.9 16.3 13.1 9.0 1.2 12.5 

Total Precipitation (mm) (Monthly) 

1972-2012 37.7 63.4 49.4 44.0 55.9 90.8 62.0 34.8 27.8 71.9 34.4 72.1 644.2 

2013 43.5 76.5 78.4 54.5 102 44.0 6.0 14.4 53.5 48.9 58.2 18.0 612.6 

 
Herbage samples were collected at the beginning of flowering from the first to the fourth cut 
of alfalfa (cv Oslava and NS Mediana), birdsfoot trefoil (cv Bull and Ozren), white clover (cv K 
33 and Merlyn) and red clover (cv Avala and Kolubara). The experiment was designed as 
three factorial trials by randomized block design in three replicates.  

The digestibility of organic matter determination consisted of incubating the sample in the 
acidic solution of pepsin for 24 hours for the purpose of protein degradation. The mixture was 
then heated to 80 ºC (45 minutes) to the starch hydrolysis. Then, the test samples were 
incubated for 24 hours in the enzyme-acetate buffer which leaded to the degradation of 
digestible carbohydrates. Digestible residue washed with warm water and with acetone for 
the purpose of fat extraction. To calculate the in vitro digestibility of organic matter the crude 
ash content in the tested samples were determined (De Boever et al., 1986). 

The data were processed by the analysis of variance in a randomized block design (ANOVA, 
Stat. Soft. STATISTICA 6). The significance of differences between means was tested by 
Fisher test (p< 0.01). 
 

RESULTS AND DISCUSSION 
 
The results of OMD for four perennial legumes harvested from the first to the fourth cut are 
presented in Table 2. Differences among species for OMD were highly significant, where 
white clover had the highest OMD (83.92% OMD of DM), followed by the red clover (75.97% 
OMD of DM). Wilman and Altimimi (1984) indicated that the white clover was consistently 
more digestible than the red clover, and the red clover than the alfalfa. Results obtained in 
this investigations was in agrimeent with this statement. OMD of birdsfoot trefoil was 
significantly higher (p< 0.01) than alfalfa OMD. Buxton et al. (1985) indicated that birdsfoot 
trefoil had less fiber than alfalfa, but the birdsfoot trefoil fiber was less digestible than alfalfa 
fiber. So, these authors concluded that in vitro true dry matter digestibility was similar in the 
two forages because alfalfa had higher fiber which was more digestible, while birdsfoot trefoil 
had less fiber which was less digestible. It was assumed that forage digestibility is the 
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primary factor influencing animal performance. Guerrero et al. (1984) studied the relationship 
between weight gain, available forage and dry matter digestibility and classified forage 
according to the following in vitro dry matter digestibility (IVDMD): high > 600 g IVDMD kg-1 
DM; medium 530 – 600 g IVDMD kg-1 DM and low < 530 g IVDMD kg-1 DM. Our rsults are in 
agreement of results obtained in investigations conducted by Wang and Danzi (2012). These 
authors indicated that dry matter digestibility of alfalfa was from 60.17% to 62.00% in the first 
cut and from 59.27% to 62.94% in the second cut, dry matter digestibility of birdsfoot trefoil 
was from 49.24% to 53.24% in the first cut and from 56.7 to 60.65% in the second cut, dry 
matter digestibility of white clover was 73.44% in the first cut and 80.07% in the second cut 
and dry matter digestibility of red clover was 62.75% in the first cut and 59.66% in the second 
cut. 
 
Table 2. Organic matter digestibility (OMD) of perennial legumes, % OMD of DM 

  Cut   

Species Cultivar c1 c2 c3 c4 X A1B X A 

 
a1 

b1 

b2 

69.96
lm 

70.39
kl 

68.39
n 

68.68
mn 

65.72
o 

62.47
p 

71.59
jk 

72.59
ij 

68.91
f 

68.53
f  

 
68.72

d 

X A1C 70.17
j 

68.53
k 

64.10
l 

72.09
i 

X  A2B 

 
a2 

b1 

b2 

75.28
fg 

72.60
ij 

73.88
ghi 

66.04
o 

73.51
hi 

66.18
o 

81.77
c 

77.81
e 

76.11
c 

70.66
e  

 
73.38

c 

X A2C 73.94
h 

69.95
j 

69.84
j 

79.79
e 

X  A3B 

 
a3 

b1 

b2 

85.00
b 

89.92
a 

79.76
d 

82.26
c 

84.61
b 

85.02
b 

81.73
c 

83.11
c 

82.77
b 

85.08
a  

 
83.92

a 

X A3C 87.46
a 

81.00
d 

84.81
b 

82.42
c 

X  A4B 

 
a4 

b1 

b2 

79.58
d 

75.54
f 

74.79
fgh 

71.81
jk 

73.41
hi 

75.17
fg 

78.60
de 

78.84
de 

76.59
c 

75.34
d 

 
 

75.97
b 

X A4C 77.56
g 

73.30
h 

74.29
h 

78.72
f 

 

X B1C 77.45
bc 

74.20
d 

74.31
d 

78.42
a 

 X B 

X B2C 77.12
c 

72.20
e 

72.21
e 

78.09
ab 

 76.10
a 

74.90
b 

X C 77.29
b 

73.20
c 

73.26
c 

78.26
a 

 

a1 – alfalfa, b1 – Oslava, b2 – NS Mediana; a2 – birdsfoot trefoil, b1 – Bull, b2 – Ozren ; a3 – white clover, b1 – K 33, 
b2 – Merlyn; a4 – red clover, b1 – Avala, b2 – Kolubara; c1 – cut I; c2 – cut II; c3 – cut III; c4 – cut IV; Different letters 
denote significantly different means (p< 0.01)  

 
The achieved data for OMD show that both cultivars of alfalfa were at similar rate of 
digestibility (p> 0.01), except in the third cut in which cultivar Oslava was higher in OMD than 
cultivar NS Mediana. Differences among cultivars for OMD of birdsfoot trefoil were highly 
significant in all cuts. Cultivar Bull was superior in comparison with cultivar Ozren. White 
clover cultivar K-33 was higher in OMD than cultivar Merlyn from the first cut to the fourth cut. 
Red clover cultivar Avala was superior in OMD in the first and second cut in comparison with 
cultivar Kolubara, but in the third and fourth cut this cultivar was less digestible than cultivar 
Kolubara (Table 2). 

Average values for OMD show that the highest OMD was recorded in the fourth cut. OMD of 
the second and third cut was the smallest and at a similar rate (p> 0.01). Buxton (1996) 
indicated that plant environment often exerts its greatest influence on forage quality and 
digestibility by altering leaf / stem ratios, but it also causes modifications in plant 
development and changes in chemical composition of plant parts. The most important 
environmental factors according to this author are temperature and water deficit. The highest 
OMD of alfalfa, birdsfoot trefoil and red clover was in the fourth cut, whereas the highest 
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OMD of white clover was in the first cut (Table 2). The highest OMD in the fourth cut was 
probably the result of shorter period of vegetation in this season than in June and July, 
although June and July had less precipitation than long term average. Results of this 
investigation indicated that both cultivars of alfalfa had the lowest OMD in the third cut 
(Oslava – 65.72% OMD of DM and NS Mediana – 62.47 % OMD of DM), whereas birdsfoot 
trefoil cultivars had the slowest OMD in the second and third cut without significant 
differences between cultivars and cuts (Table 2). Our results are in disagreement with the 
statement  of Buxton (1996) reported that water deficit may actually improve the forage 
digestibility. White clover cultivar K 33 had the lowest OMD in the second cut (79.76% OMD 
of DM), and cultivar Merlyn had also the lowest OMD in the second cut (82.26% OMD of 
DM). Differences in OMD of red clover cultivars were highly significant, and the lowest OMD 
of cultivar Avala was in the third cut (73.41% OMD of DM), whereas the lowest OMD of 
cultivar Kolubara was in the second cut (71.81% OMD of DM). The lower OMD of 
investigated forages might be affected by higher temperatures and lower precipitation in that 
harvest period. Collins (1983) and Onstad and Fick (1983) reported alfalfa to be lower in 
digestibility and to have a faster rate of decline in digestibility during the summer harvest 
period than during the spring or fall. Walgenbach et al. (1981) reported that alfalfa harvested 
at specific growth stages had greater crude protein concentrations in herbage when grown in 
warm rather than in cool temperatures. However, warm temperatures often decrease 
nonstructural carbohydrate concentrations as well as in vitro dry matter digestibility. The 
depressed dry matter digestibility associated with elevated temperatures is most frequently 
attributed to higher concentrations of cell wall constutuents, and Wilson (1982) demonstrated 
the negative effect of high temperature on the extent of cell wall degradation. 

Buxton (1984) emphasized the importance of cutting forages early because of higher 
digestibility and nutrient content, increased intake and better animal performance. At high 
temperatures, lignin synthesis is preferentially increased, causing the forage produced to be 
lower in digestibility. The obtained results in this investigation might be caused by differences 
in leaf : stem ratio of investigated cultivars of perennial legumes from cut I to cut IV. Minson 
(1990) reviewed a large number of studies and concluded leaf intake was higher than stem 
intake. Leaflets of alfalfa, red clover and birdsfoot trefoil were always high in digestibility, and 
the leaf blade cell wall component was more digestible in white clover and alfalfa than in red 
clover (Wilman and Altimimi, 1984). In legumes the quality worsening is mainly atributable to 
stems, whereas changes in leaf quality are less relevant, and the forage quality is mainly 
related to its leafiness (Van Soest, 1994). 
 

CONCLUSIONS 
 
This study compared in vitro OMD for alfalfa, birdsfoot trefoil, white clover and red clover 
cultivars. White clover was characterized by a very high digestibility in all harvest period 
during investigation (>79.76%). In all four cuts cv Bull of birdsfoot trefoil had higher 
digestibility, and cv Merlyn of white clover was higher than cv K 33. Alfalfa cv NS Mediana 
was higher in OMD in all cuts than cv Oslava, except in the third cut. The highest OMD was 
recorded in the fourth cut for alfalfa, birdsfoot trefoil and red clover, but the highest OMD of 
white clover was in the first cut (89.92%). It may be concluded that harvesting forages at 
different production cycles influence the OMD in the investigated perennial forage legumes. 
The OMD of forages represent valuable variable with applicability in various fields of the 
forage sciences and nutrition such as predicting models for forage production and quality and 
cutting management. 
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ABSTRACT 
 
Better assessment of the quality of dietary protein sources allows their better use. The FAO has 
recommended replacing the protein digestibility–corrected amino acid score (PDCAAS) with the 
digestible indispensable amino acid score (DIAAS) in which ileal amino acid digestibility values 
obtained in pigs are used. 
A study on growing pigs was conducted to determine true fecal protein digestibility and standardized 
ileal amino acid digestibility of rice, rye and barley. Using these values the PDCAAS and DIAAS were 
calculated and compared. 
A total of 18 gilts with a T-cannula inserted in the terminal ileum were allotted to 3 diets - six replicate 
pigs per diet. Three semi-purified diets were formulated to contain the tested cereal grains (rice, rye, 
barley) as the sole nitrogen source and with an indigestible marker (chromic oxide). Each 
experimental period comprised of a 7-d adaptation followed by 1-d (24 h) collection of feces and ileal 
digesta.  
All tested parameters were greatest in rice. Significant differences (P < 0.05) in both protein and amino 
acids digestibility among the rice and other cereals (rye and barley) were found. True fecal protein 
digestibility was significantly greater than the mean ileal amino acids digestibility for all tested 
samples, thus suggesting an overestimation of protein quality determined by means of PDCAAS. 
Calculated PDCAAS values for rice, rye and barley (81, 65 and 61%) were generally higher than a 
DIAAS values (79, 56 and 55%), especially for the poorer quality proteins - rye and barley in 
comparison with rice. 
 
Keywords: PDCAAS, DIAAS, protein quality, amino acid, ileal 

 
INTRODUCTION 
 
Protein quality describes the nutritive value of protein. A precise assessment of the ability of 
a dietary protein source to match the body’s needs for individual amino acids (AA) will allow 
their better use (FAO, 2013).  

The quality of dietary protein is a function of its constituent AA. The FAO/WHO Expert 
Consultation on Protein Quality Evaluation (FAO, 1991) recommended the use of the Protein 
Digestibility Corrected AA Score (PDCAAS) as suitable method for protein quality evaluation. 
Using this method, PDCAAS is calculated by multiplying the limiting AA score (i.e. the ratio of 
the first-limiting AA to the same AA of the reference protein) by true fecal protein digestibility. 
However the PDCAAS has limitations - the main is that fecal protein digestibility as a 
measure of AA availability is inaccurate due to metabolic transformations of dietary and 
endogenous proteins by microbial population of the large intestine (Darragh and Hodgkinson, 
2000; Gilani, 2012; Schaafsma, 2012). 

Considering a number of critical reviews on this subject (Moughan, 2003; Fuller and Tomé, 
2005; Hendriks et al., 2012) a new protein quality measure called digestible indispensable 
AA score (DIAAS) is now recommended to replace the PDCAAS for evaluating protein 
quality (FAO 2013). Using the DIAAS method, researchers are now able to differentiate 
protein sources by their ability to supply AA for use by the body.  
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The main difference between PDCAAS and DIAAS is that dietary AA is treated as individual 
nutrients and their digestibility is used in calculations. The AA are absorbed only from the 
small intestine and their digestibility is measured as ileal digestibility (a difference between 
dietary AA and those appearing in terminal ileum) which is more accurate assessment of 
how much of the protein consumed is available to the body (Columbus and de Lange, 2012). 
The apparent ileal digestibility (AID) of AA is defined as the net disappearance of ingested 
dietary AA from the digestive tract proximal to the distal ileum. When AID is corrected for the 
basal endogenous loss in pigs, the resulting value is termed standardized ileal digestibility 
(SID), which can be used to calculate approximate DIAAS values in humans (Stein et al., 
2007). 

There is no non-invasive method of ileal digesta collection applicable in humans and 
therefore the number of relevant data is very limited. The pig has been recognized as a good 
animal model for estimating crude protein (CP) and AA digestibility in humans (Rowan et al., 
1994; Deglaire et al., 2009). 

Furthermore, that the cereal grains are the major source of energy, they can be also a good 
source of protein. The aim of the present study was to compare PDCAAS and DIAAS values 
of rice, rye and barley calculated using digestibility coefficients obtained in a series of pig 
experiments. 

 
MATERIAL AND METHODS 
 
All experimental procedures were reviewed and approved by the Animal Care Committee of 
the Research Institute of Animal Production Nitra (Slovakia). A total of 18 Large white gilts 
(BW, 50 ± 3.5 kg) fitted with ileal T-cannulas were used throughout the study. They were 
allotted to 3 diets - six replicate pigs per diet. After a 14-d recovery, an experimental period, 
consisting of a 7-d adaptation period followed by a 1-d (24-h) collection of ileal digesta and 
feces, was started.  

Three semi-purified diets (Table 1) were formulated to contain the tested cereal grains (rice, 
rye, barley) as the sole nitrogen (N) source. Chromic oxide was added to the diets as an 
indigestible marker. All diets were fed twice daily at 0700 and 1600 h in 2 equal meals at a 
daily rate of 80g.kg-0.75. Water was available ad libitum.  
 
Table 1. Composition of experimental diets (g.kg

-1
, air-dry basis) 

Ingredient 
Protein source 

Rice Rye Barley 

Rice 964   

Rye  958  

Barley   972 

Sunflower oil  9  

Limestone 6 13 11.8 

Monocalcium phosphate 21 11 6.2 

Salt 3 3 4 

Premix
1
 3 3 3 

Chromic oxide 3 3 3 
1
Provided the following per kg of diet: retinol 1.2 mg; cholekalciferol 25 mg; α-tocopherol 10 mg; menadione 0.2 mg; riboflavin 

4 mg; pyridoxine 2.5 mg; d-pantothenic acid 10 mg; niacin 20 mg; folic acid 0.5 mg; biotin 0.1 mg; cyanocobalamin 30 μg; 
choline 500 mg; Fe 92 mg; Zn 103 mg; Mn 40 mg; Cu 19 mg; Co 0.5 mg; Se 0.16 mg 

 

The diets, feces and ileal digesta were analyzed for dry matter (DM) and total N (AOAC, 
1990). Chromic oxide was measured by atomic absorption spectrometry (Williams et al., 
1962). The content of AA after hydrolysis with 6 M HCl and methionine and cysteine after 
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oxidative hydrolysis were determined using an automatic AA analyzer (AAA 400, Ingos, 
Prague, Czech Republic). Coefficients of true fecal protein digestibility (TD) or standardized 
ileal amino acid digestibilities (SID) were calculated using the following formula: 

 
TD, SID (%) = 100 x ((1 - Nex/Nd x Crd/Crex) + Nend/Nd) 

 
where Nex is concentration of the nutrient in feces or ileal digesta, Nd is concentration of the 
nutrient in the diet, Crd is concentration of chromic oxide in the diet, Crex is concentration of 
chromic oxide in feces or ileal digesta (all values in g.kg-1 DM) and Nend is the endogenous 
loss of the nutrient in grams per kg DM intake. 

The values of endogenous nitrogen losses in feces were taken from the study by Whiting and 
Bezeau (1957) and the endogenous amino acid losses in ileal digesta from the study of 
Jansman et al. (2002) which were also suggested by Stein et al. (2007). For the calculation 
of PDCAAS and DIAAS, indispensable amino acid reference pattern (reference protein) for 
adult humans, as defined by the FAO Expert consultation (FAO, 2013), was used. 
Experimental data were analyzed by General Linear Model of Statgraphics Plus package 
(version 3.1, Statistical Graphic Corp., Rockville, MD, USA). When the analysis of variance 
indicated a significant (P < 0.05) F-value for treatment means, the differences between 
means were assessed by Tukey HSD test. True fecal digestibility values were compared with 
weighted means of ileal digestibility of all indispensable amino acids by a two-sample 
comparison method using Student's t-test.  

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

Item 
Protein source 

Rice Rye Barley 

Crude protein  
(g.kg

-1
DM) 

76.88 153.13 141.25 

Indispensable amino acids (mg.g
-1 

CP) 

Cysteine 14.9 13.6 17.0 

Histidine 31.2 22.5 23.7 

Isoleucine 44.3 28.5 30.3 

Leucine 93.5 65.1 64.5 

Lysine 40.5 36.5 33.5 

Methionine 23.1 11.5 16.7 

Phenylalanine 54.6 44.5 45.9 

Threonine 36.7 33.1 34.0 

Tyrosine 29.5 23.0 33.6 

Valine 62.8 42.1 43.9 

Calculated value (%) Lys : CP 4.05 3.65 3.35 

 

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

 Protein source 

Rice Rye Barley 

True fecal digestibility 

Crude Protein 95.5 ± 3.2 
b
 

86.0 ± 3.3 
a
 

86.5 ± 2.6 
a
 

Standardized ileal digestibility 

Weighted AA mean 92.9 ± 2.1 
b
 75.7 ± 3.4 

a
 80.7 ± 3.6 

a
 

Significance of fecal protein digestibility vs. mean ileal AA digestibility 

P-value 0.119 <0.001 0.010 

Values are expressed as means ± SD 
a,b 

Means within a row not sharing a common superscript were significantly different. Tukey HSD test, P<0.05 
 

Table 4. Calculation of protein digestibility-corrected amino acid score and digestible indispensable 
amino acid score of protein sources 

  
  
Reference pattern

1
 

Amino acid 
PDCAAS   

(%) 
DIAAS 

(%) 
His Ile Leu Lys SAA AAA Thr Val 

15 30 61 48 23 41 25 40 

Protein digestibility-corrected reference amino acid ratios
2
     

Rice 1.98 1.41 1.46 0.81 1.57 1.96 1.40 1.50 81   

Rye 1.29 0.82 0.92 0.65 0.94 1.42 1.14 0.91 65   

Barley 1.37 0.87 0.91 0.60 1.27 1.68 1.18 0.95 61   

Digestible amino acid reference ratios
3
     

Rice 1.93 1.41 1.45 0.79 1.55 1.81 1.35 1.49   79 

Rye 1.12 0.71 0.85 0.56 0.83 1.24 0.95 0.79   56 

Barley 1.25 0.86 0.88 0.55 1.25 1.52 0.98 0.92   55 
1
FAO (FAO, 2013) reference amino acid pattern for adults, mg.g

-1
 protein. 

2 
Ratios of amino acids(mg.g

-1
 crude protein) corrected for true fecal digestibility to FAO (FAO, 2013) reference 

pattern. 
3
 Ratios of amino acids (mg.g-

1
 crude protein)  corrected for ileal digestibility to FAO (FAO, 2013) reference 

pattern. 
SAA - sulfur amino acids; AAA - aromatic amino acids. 
 

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

 
CONCLUSIONS 
 
The values of PDCAAS were generally higher than that of DIAAS, especially for the poorer 
quality proteins - rye and barley in comparison with rice. All tested parameters were greatest 
in rice. 
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ABSTRACT 
 
A minimum level of fibre has to be included in pig diets to support normal physiological activity in the 
digestive tract. The objective of this study was to investigate the effects of dietary fibre level on 
redistribution of nitrogen (N) between faeces and urinary at different levels of nitrogen content in the 
diet. 
Two dietary fibre (CF) levels, low and high fibre (+27%) and two dietary protein concentrations - low 
and high protein (+26%) were tested in 4 x 4 Latin square design. Eight pigs (29.9± 1.7 kg) were 
housed in metabolic cages for 10 days. Faeces and urine were separately collected from 7 to 10 day. 
Nitrogen excretion was affected with the inclusion of 150 g/kg beet pulp (+12.1 g/d CF) in all groups 
diets shift from urinary to faecal excretion was detected. Highest significant difference was (faecal N) 
in the group with the high protein diet +34 % (P <0.05). The approximately same N content in the diet 
and the different fibre content caused different distribution of N in the urine too. Increasing the fibre 
content in the diet (26%) decreased the amount of nitrogen in the urine by 13 and 17%. Urinary/faecal 
N ratio was recorded of 3.14 vs. 2.05 (P <0.05). Nitrogen retention expressed as percentage of N 
intake was reduced in pigs fed the low-protein diets and it was affected by fibre addition to diet by -3.5 
%. However, high protein diet positively increased N retention to 11.0 % (P <0.05), when the dietary 
fibre was increased. 
The content of fibre and crude protein in the diet had an effective influence on the distribution and 
excretion of N, which may contribute to the reduction of emissions from excrements. 
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INTRODUCTION 
 
Increasing attention has been paid in the past decade to dietary fibre in swine nutrition due to 
its multiple functionalities. The presented study examines the influence of dietary fibre on the 
digestive processes and the consequences on pig protein and energy nutrition, health 
concerns and environmental issues. Dietary fibre is resistant to digestive secretions and is 
potentially available for bacterial fermentation in the intestines of monogastric animals. The 
bacterial growth supported by the fermentation induces a shift of N excretion from urine to 
faeces (Nahm, 2003; Aarnink et al., 2007). Beside the fermentability, the physical properties 
of dietary fibre such as the viscosity and the solubility influence the digestion, the satiety and 
the transit time (Williams et al., 2001; Montagne et al., 2003). Dietary fiber could reduce 
releases of nitrogen production units and improve pig intestinal health and welfare (Basset-
Mens et al., 2005). 

The presented study examines the influence of dietary fibre fermentation in the pig intestines 
on digestive processes. The object of the study was to verify the effect of fibre on N 
redistribution between faeces and urine at different levels of nitrogen content in the diet. 

 
MATERIAL AND METHODS 
 
Eight (2 x 4) crossbred gilts progeny of Large White sows and Landrace boar of the Institute 
herd (starting weight 29.9± 1.7 kg) were housed in metabolic cages. 
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After a 5-day recovery and habituation period before each of the two periods, the pigs were 
randomly assigned to four dietary treatments according to a 4 x 4 Latin square design. Two 
dietary protein concentrations - high protein (HP) 18.8% and low protein (LP) 14.0% and two 
fibre levels - high fibre (HF) 4.46%; low fibre (LF) 3.25% crude fibre were applied using 2 x 2 
factorial arrangement. 
 
Table 1. Composition of basal diets (g/kg diet) 

Fibre level low CF (LF) high CF (HF) 

 and protein level LFLP LFHP HFLP HFHP 

Wheat 300.00 300.00 300.00 280.00 

Maize 552.00 426.00 388.00 276.00 

Soybean meal 86.90 223.00 88.80 231.00 

Beet pulp  - - 150.00 150.00 

Rapeseed oil 8.30 9.60 22.60 23.90 

L-isoleucine 0.90 - 1.00 - 

L-lysine.HCl 5.80 1.70 5.70 1.40 

DL-methionine 0.90 - 1.20 - 

L-threonine 2.20 0.30 2.40 0.40 

L-tryptofan 0.40 - 0.50 - 

L-valine 0.90 - 1.10 - 

Monocalcium phosphate 14.10 12.70 14.10 12.70 

Limestone 11.00 10.70 7.90 7.60 

Salt 3.90 3.80 3.50 3.40 

Vit.-min. premix
1
 3.00 3.00 3.00 3.00 

Analyzed nutrient contents (g/kg air-dry)   

Dry matter 883.5 886.3 887.5 890.1 

Crude protein 139.2 183.8 140.8 192.9 

Crude fibre 30.4 34.6 45.6 43.6 
LP- low protein, HP- high protein, LF- low fibre, HF- high fibre. 

1
 Supplied per kg of diet: vit. A 9 000 IU, vit. D3 1 

500 IU, α– tocopherol 35.0 mg, vit. B1 1.7 mg, vit. B2 6.0 mg, vit. B6 2.5 mg, Ca-panthothenate 15.0 mg, niacin 
38.0 mg, vit. K3 2.0 mg, biotin 0.12 mg, cyanocobalamin 0.03 mg, choline 156 mg, Fe 103.0 mg, Zn 116.5 mg, 
Mn 49.0 mg, Cu 40.0 mg, I 1.2 mg, Co 0.4 mg, Se 0.3 mg 

 
Diets were composed mainly of wheat, maize, soybean meal and in some models sugar beet 
pulp. Diets were supplemented with lysine, methionine, tryptophan, threonine, isoleucine or 
valine to fit requirement an ideal amino acid profile (NRC, 1998). The same energy level in 
the diet was supplemented by rapeseed oil (Table 1). The pigs were fed in two equal feed 
doses at a daily rate of 90 g/kg0.75. Within the experiment there were four consecutive periods 
each consisting of a 6-day preliminary period followed by a 2 x 48 hour collection period (7 to 
8 day and 9 to 10 day). During the collection period, samples of urine and faeces were 
separately collected. Urine was collected via catheters, weighed and a 10% aliquot was 
stored at -20 °C. Faeces were collected, pooled, and stored at -20 °C until analyses.  

Analyses of diet, urine and faeces samples for dry matter, total N and fibre were performed in 
accordance with standard methods of AOAC (1984). Feeds and faeces sample were 
analysed for dry matter (DM) after drying at 105°C for 8 hours. Crude protein (Nx6.25) was 
determined by the Kjeldahl method using a Kjell-Foss 16200 auto analyser (method 
978.02).The CF content were determined using an The Fibertec™ 2010 fibre analyzer 
Tecator, Hoganas, Sweden (method 2002.04). Chemical analyses were conducted in 
duplicate. 

The experimental data were subjected to ANOVA. The differences between means were 
assessed using Student’s t-test and were considered significant at P<0.05. The data were 
fitted to linear regression equations with faecal N excretion regressed on fibre intake. 
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RESULTS AND DISCUSSION 
 
Data provided by chemical analysis are summarized in Tab. 2 and Fig. 1. Nitrogen excretion 
was affected by the inclusion of beet pulp in the diets. Switch from urinary to faecal excretion 
was detected in all animals while the largest and significant was in the HP diet group (P 
<0.05). The reduction of urinary nitrogen was -17.1% (LPLF vs. LPHF) and -13.2% (HPLF 
vs.HPHF). Total N excretion of -6.4% (LPLF vs. LPHF) and -1,4% (HPLF vs.HPHF) was 
detected. Faecal N excretion increased for +12.1% (LPLF vs. LPHF) and +34.4% (HPLF 
vs.HPHF). 
 
Table 2. Effects of dietary fibre and protein level on N balance in growing pigs 

Item N and TDF variable  LFLP   SEM LFHP   SEM HFLP   SEM HFHP   SEM 

DM intake, [kg/d] 1.23 ± 0.05 
ab 

1.12 ± 0.08 
a 

1.14 ± 0.06 
ab 

1.29 ± 0.06 
b 

N intake [g/d] 31.48 ± 0.33 
a 

38.30 ± 0.45 
b 

28.20 ± 0.46 
a 

42.33 ± 0.29 
b 

Faecal N [g/d] 4.63 ± 0.22 
a 

4.66 ± 0.19 
a 

5.19 ± 0.19 
ab 

6.26 ± 0.19 
b 

Urinary N [g/d] 8,02 ± 0.20 
a 

14.20 ± 0.24 
b 

6.65 ± 0.25 
a 

12.33 ± 0.24 
b 

Total N excretion [g/d] 12.65 ± 0.25 
a 

18.86 ± 0.28 
b 

11.83 ± 0.27 
a 

18.60 ± 0.23 
b 

N retention [%] 59.89 
 

± 0.24 
a 

50.44 ± 0.11 
b 

57.72 ± 0.23 
a 

55.99 ± 0.20 
a 

Urinary/Faecal N ratio 1.80 ± 0.11 
a 3.14 ± 0.12 

c 1.30 ± 0.11 
b 2.05 ± 0.13 

a 

CF intake [g/d] 42.40 ± 0.41 
a 

46.75 ± 0.50 
a 

58.62 ± 0.66 
b 

62.19 ± 0.34 
b 

Different letters (a, b, c,) on the same row indicate that treatment means are significantly different at P < 0.05 
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Figure 1. Distribution of nitrogen intake into the faeces and urine and nitrogen retention  
(expressed as % of nitrogen intake) 

 
Our result with low protein diets is consistent with the findings of Galassi et al. (2007). On the 
average weight (150 kg) of the traditional Italian heavy pig (diet with CP 14.0 % and CF 
4.1%) was N faecal excretion 12.3% lower as compared to control group (CP 13.5 and CF 
3.2%). In the diet with higher fibre content (CF 6.7%) we found the increased of faecal N of 
19.3%. 

With different N content in the diet and approximately same fibre content different distribution 
of nitrogen in the faeces, urine, and total income was found. The increase in nitrogen content 
in the diet up to +34.4% (LP vs. HP) and 4,46% of crude fibre (HF), increased N intake to 
50.1%, the amount of nitrogen in the urine to 85.3% and the amount of nitrogen in the faeces 
to 20.7%. Diets with 3.25% crude fibre (LF) increased N intake 21.2%, nitrogen in the urine 
to 77.0% and the amount of nitrogen in the faeces only to 0.8%. Nitrogen retention, 
expressed as a percentage of N intake was reduced in pigs fed by the low-protein diets and it 



XVII International Symposium “Feed Technology” 

99 

 

was affected by fibre addition to the LPHF diet -3.3%. However, fibre addition to the HP diet 
influenced N retention +11.0% (HPLF vs. HPHF) positively (P <0.05). The significant 
difference is likely caused by the changes in the observed values of nitrogen intake (in the 
LP diet -10% and +10% for the HP diet). The basis for comparison is the group with a lower 
content of crude fibre. Zervas and Zijlstra (2002) found greater decrease, in crude protein 
content of 18.5% and the addition of sugar beet pulp N retention reduced to 12.0% compared 
to the control group.  

Regression analysis showed that fecal N (y) was a linear function of fiber intake (x) on Fig. 2 
and 3.  

 

 

Figure 2. Relationship between CF intake and fecal nitrogen in low protein diets  
(LPLF and LPHF). 

 

 

Figure 3. Relationship between CF intake and faecal nitrogen in high protein diets (HPLF and HPHF) 
 
The relationship is dependent on nitrogen content in feed, for low-protein diets was described 
with an equation: y = 0.0279x + 3.6098; R² = 0.0743. For the diets with high protein content 
was y = 0.0519x + 2.6066; R² = 0.1944. The slope of the regression equation showed that 
each gram of fiber intake increased for LP= 27.9 mg and HP= 51.9 mg N in faces. These 
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results are consistent with those obtained in a previous experiment at our Institute 
(Brestenský et al., 2007) and by other researchers (Noblet and Bourdon, 1997; Ramonet et 
al., 2000). 

 
CONCLUSIONS 
 
These results suggest that the reduction of protein content is an effective way to reduce 
nitrogen excretion, especially urinary nitrogen. Use of fibre sources high in fermentable 
carbohydrates can shift nitrogen excretion from urine to faeces, thereby reducing chances of 
ammonia emission. The influence of protein and energy nutrition on health and 
environmental issues in various production systems still require further academic discussion. 
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ABSTRACT 
 
The use of alternative feed ingredients in farm animal’s diet can be an interesting choice from 
several standpoints. However, the nutritional value, quality and safety of the alternative 
ingredients should be kept in mind. In this respect Ex-food, also termed Former Food 
Products (FFPs), represent a “case study”. In fact, FFPs represent a way by which convert 
losses from the food industry into ingredients for the feed industry, thereby keeping food 
losses in the food chain. Based on nutritional fact reported for humans, these material are 
reported to be extremely rich in carbohydrate, free sugars and, depending on their origin, 
also in fat. These features imply a rigorous nutritional evaluation in order to increase their 
potential in animal feeding and nutrition. Furthermore, such nutrients (e.g. different kind of 
carbohydrates) might affect GUT health, thus a proper evaluation in term of composition, 
digestibility and functionality is required. A further aspect that must be addressed is safety. In 
fact, even though these FFPs are in general recognised as safe, most of the time they are 
produced from packaged food. Packaging materials are not accepted as a feed ingredient 
according to Regulation (EC) No 767/2009, imposing a rigorous evaluation about possible 
residues. Both nutritional quality and safety can be achieved by a proper assessment of ex-
food. 
 
Keywords: Former Food Products, innovation, nutritional evaluation, safety and quality 

 
INTRODUCTION 
 
The livestock sector is globally high dynamic. In developing countries, it is evolving in 
response to the rapid increasing demand for livestock products. Human population growth, 
increasing urbanization and rising incomes are predicted to double the demand for, and 
production of, livestock and livestock products in the developing countries over the next 
decades. By contrast, in developed countries, demand for livestock products is stagnating, 
while many production systems are increasing their efficiency and environmental 
sustainability (Thornton, 2010). Sustainability includes the rational use of non-renewable and 
renewable resources (i.e. energy, raw materials) under climatic changes, a lower load on the 
environment due to manure production and contaminants excretion by animals, but also 
deals with animal welfare and profitability (Magnin and Piciot, 2015).  

Despite these discrepancies between developing and developed-country in respect to animal 
production and food of animal origin supply, there is a common denominator: the feed. 
Animal feed is the most important livestock production cost factor and, in 2014, it has 
represented up to 85% of the farm gate value of poultry (FEFAC, 2015). In light of this, 
proper feeding and nutrition become increasingly important as livestock systems strive to 
become more efficient.  

Livestock system evolution in the coming decades is inevitably going to involve trade-offs 
between feed security, feed safety, animal welfare, environmental sustainability and 
economic development. A common denominator among many of these issues, which are 
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often politically-sensitive, is not only sustainability, but also innovation (Geraldine, 2014). 
Innovation is considered the key factor in the field of sustainable feed/food security. In this 
context, to convert losses from the food industry into ingredients for the feed industry, 
thereby keeping food losses in the food chain, can be considered a virtuous practice that 
should be implemented worldwide.  

 
“EX-FOOD” OR “FORMER FOODSTUFFS” 
 
Ex-food recycling and use in animal nutrition is a key issue for EU (Baldi & Pinotti, 2013). In 
2006, the total food loss estimated in the EU 27 was about 90Mt. Excluding agricultural food 
loss, up to 42% of food waste was produced by households, 39% losses came from the food 
manufacturing industry, 14% pertains to food sector (i.e. ready-to-eat food, catering and 
restaurants), while 5% was lost along distribution chain. Food waste is expected to rise to 
126 Mt by 2020 if additional prevention policy and corrective activities are not undertaken. 
Therefore, the European Parliament recommended the European Commission to take 
practical measures aimed to halve by 2020 the food wasted each year throughout the entire 
EU food chain. 

These data indicate that the biomass potentially available for the feed sector is very big. At 
this stage, however, it becomes essential to consider the Food Waste Hierarchy, in which 
only ex-food can be reused in animal nutrition (Figure 1). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Food and drink material hierarchy 

 
 
“Ex-food” or “Former foodstuffs” means foodstuffs, other than catering reflux, which were 
manufactured for human consumption in full compliance with the EU food law but which are 
no longer intended for human consumption for practical or logistical reasons or due to 
problems of manufacturing, packaging defects or other defects and which do not present any 
health risks when used as feed (Bouxin, 2016).  

It has been estimated (Bouxin, 2016) that 3-3.5Mt of ex-food are processed in the EU, of 
which 200.000 ton in Italy. These ex-foods are already used in animal nutrition, but their use 
is still limited (3.3%) compared to the total food waste. The potential of these products are 
not yet fully exploited as added value products for animal nutrition in terms of nutritional 
value, functional properties, and technological and biosafety issues. 
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FFPs Nutritional facts  

 
Typical former foodstuffs used by are biscuits, bread, breakfast cereals, chocolate bars, 
pasta, savoury snacks and sweets, all because of their high energy content in the form of 
sugars, oils and starch (EFFPA, 2016). Based on nutritional fact reported for humans, in 
general FFPs are extremely rich in carbohydrate, free sugars, and depending on their origin, 
also in fat. From a nutritional point of view FFPs products still have a high value for feeding 
animals because they often contain a lot of energy, protein and fats (table 1). 
 
Table 1. Nutritional values of processing Former Food Products, Barley and Wheat (Adapted from 
Bouxin, 2016) 

 
 

FFP Barley Wheat 

Dry matter (%) 88 88 88 

Crude protein (%) 10.9 11 12.4 

Crude fat (%) 9.8 2.8 2.1 

Crude fiber (%) 2.2 5.5 2.7 

Starch (%) 41.9 51.6 59.2 

Sugar (%) 14.0 2.2 2.4 

Metabolisable Energy (ME) for pig 
(MJ/kg) 

15.48  12.95  14.43  

 
Their composition, however, might be variable and some compositional features (i.e. content 
in free sugars) should be studied in order to ensure a proper animal diet inclusion. It has 
been reported (Pinotti & Dell’Orto, 2011; Pinotti et al., 2014), that using a balanced by-
products combination it is possible to substitute partially “classic” traditional source of energy 
and protein in animal diets. This substitution can be obtained without major changes in the 
diet composition, and can reduce feed cost, compared to traditional ingredients. Obviously, 
this approach is not free of drawback. Above economics and marketing issues, further 
aspects, have to be considered when including FFPs products in food producing animal 
diets. This imply a functional evaluation with special emphasis on FFPs impact on animal 
welfare in general and the gastro-intestinal tract (i.e. gut health), specifically. It is widely 
recognized that animal’s gut wellbeing is essential for optimal health and production. The gut 
of piglets, for instance, is a complex environment. In particular, in newborns and around the 
time of weaning, the pigs' gut rapidly changes in size, has high protein turnover rates, 
undergoes rapid changes in microbiota and digestive changes, and quickly alters its 
digestive and immune functions. The gut health and the complex interactions between 
microbiota and gut maturation, to maintain a healthy gut environment through life, are 
influenced by host and a wide spectrum of environmental factors with feeding strategies and 
husbandry practices being the most significant factors. Understanding what a healthy 
microbiota looks like and how ex-food can influence the composition of the gut microbial 
population improving eubiosis and/or reducing disbiosis provides fundamental information to 
efficiently reconvert ex-food into value added products for animal nutrition (Lalles et al., 2007; 
Agazzi et al., 2014). 

 
Safety Issue 

 
Depending on the type of ex-food their recycling in the feed sector implies a combination of 
different processes such as collection, unpacking, mixing, grinding and drying, which might 
affect not only quality but also safety in several ways. Ex-food even though nutritious and 
safe from a microbiological point of view, might generate other safety issues, such as those 
related to the presence of packaging remnants. Packaging materials are not accepted as a 
feed ingredient according to Regulation (EC) No 767/2009, which prohibits the placing on the 
market and the use of feedstuffs containing packaging materials from the agri-food industry. 
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A large range of materials, often characterized by complex compositions, represents the 
packaging used for food. The European Regulation (EC) 1935/2004 covers the general 
requirements for all types of packaging materials. It requires that packaging materials shall 
not release their constituents at a level that could endanger human health. Specific EU 
directives have been published which regulate in detail the composition of plastics and 
regenerated cellulose. Other packaging materials (i.e. paper, coatings or aluminum foil) are 
regulated in detail at national level. This scenario imposes a proper approach in defining 
appropriate methods for detecting possible packaging contaminants and their remnants in 
ex-food used in the feed chain.  

 
CONCLUSIONS  
 
Nutritional value, functionality according to animal needs as well as safety and quality issues 
represent the main leading factors for the feed production using ex food. Typical FFPs 
nowadays used in animal nutrition are biscuits, bread, breakfast cereals, chocolate bars, 
pasta, savoury snacks and sweets. From a nutritional point of view, all these alternatives 
ingredients are characterized by a high-energy content in the form of sugars, oils and starch. 
In term of safety, farmers, nutritionists, industries and governments have been obligated to 
pay serious attention to animal feedstuff production, considering that quality and safety of 
feed are essential prerequisite for human food safety. This is particularly true for FFPs that 
need to be addressed in particular for packaging material residuals, in compliavce with the 
feed law.  

Intuitively, the possibility of reducing food waste by recycling, but mainly by revaluing and 
improving ex-food management, represents an opportunity to mitigate the environmental 
impact and an economic resource. The use of ex food for the production of feed is perfecty in 
line with the circular economy concept. By recognizing that former foodstuff not suitable for 
human consumption is a resource and not a waste product, our food industry can reduce the 
amount of waste sent to landfill or deposed-off every year, saving costs, and reducing the 
environmental impact of the food production chain. These can be achieved by a proper 
assessment of ex-food. 
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ABSTRACT 
 
Mycotoxins are structurally diverse fungal metabolites that can contaminate a variety of dietary 
components consumed by animals and humans. The aim of the paper was evaluation of possible 
influence of Fusarium mycotoxins detected in complete swine feed mixtures in 2015 year on intestinal 
swine diseases in swine farms located in Vojvodina region. The material for research included the 
samples from four swine farms, where health disorders i.e. clinical and gross pathological signs 
resembling to the problem with intestinal infectious diseases in different swine categories were 
detected. The applied research methods included: epidemiological and clinical evaluation, 
pathomorphological examination, laboratory bacteriological tissue testing originating from diseased, 
dead animals. The presence of deoxynivalenol (DON), T-2 toxin and zearalenone (ZEA) in twelve 
complete swine feed mixtures were analyzed by enzyme-linked immunosorbent assay methods, using 
Ridascreen

®
 FAST DON (Art.No.R5901), Ridascreen

®
FAST T2 (Art.No.R5302) and Ridascreen

®
FAST 

Zearalenon (Art. No. R5502) test kits (R-Biopharm, Germany). By clinical and pathological 
examination, in neonatal piglets the lesions dominantly in digestive tract were observed. Applying 
bacteriological testing Escherichia coli and Escherichia coli haemolytica were detected. Similarly, 
enteric infections and alteration of growth performance were notified in weaners and fatteners. In adult 
swine categories, reduced feed consumption, sometimes distinct feed refusal and vomiting were 
observed. In all examined samples of complete feed mixtures for different swine categories the 
concentration of DON exceeded the maximum permitted levels. The obtained results indicate the 
existence of possible positive interactions between the Fusarium mycotoxins and causative agents of 
intestinal swine diseases. 
 
Keywords: mycotoxins, Fusarium, swine, intestinal health 

 
INTRODUCTION 
 
Mycotoxins are structurally diverse fungal metabolites that can contaminate a variety of 
dietary components consumed by animals and humans. It is estimated that 25% of the 
world’s crop production is contaminated by mycotoxins during the pre-harvest period, 
transport, processing or storage (Greinier et al., 2013; Weaver et al., 2013). The major 
mycotoxin-producing fungal genera are Aspergillus, Fusarium and Penicillium, mainly 
producing aflatoxins, zearalenone (ZEN), trichothecenes (TCT), fumonisins, ochratoxins and 
ergot alkaloids (Piotrowska et al., 2014). Among the mycotoxins produced by the Fusarium 
genus, the broad family of TCT is extremely prevalent (Pinton and Oswald, 2014) as well as 
ZEN (Wache et al., 2009; Burel et al., 2013).  

The toxicological syndromes caused by ingestion of mycotoxins range from sudden death to 
reproductive disorders and growth impairment. Consumption of fungal toxins may also 
decrease resistance to infectious diseases (Wache et al., 2009; Prodanov-Radulovic et al., 
2014). Chronic exposure can lead to anorexia, reduced weight gain, as well as nutritional 
efficiency, neuroendocrine changes and immune modulations (Pestka, 2007). A major 
problem associated with animal feed contaminated with mycotoxins is not acute disease, but 
rather the ingestion of low levels of toxins, which may cause an array of metabolic, 
physiologic and immunologic disturbances (Stojanov et al., 2013; Waśkiewicz et al., 2014). 
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One of the most commonly detected TCT in cereals is 4-deoxynivalenol (DON), also known 
as vomitoxin, a mycotoxin to which pigs seem to be the most susceptible species among the 
domestic animals (Pestka, 2007; Weaver et al., 2013). Because of the high percentage of 
wheat in pig diets, swine could be at a greater risk of exposure to this toxin. In swine, the 
initial adverse effect observed after DON exposure is reduced feed intake. Growth (anorexia 
and decreased nutritional efficiency), immune function (suppression) and reproductive 
performances (reduced litter size) are also adversely affected by DON (Pestka and 
Smolinsky, 2005). The intestine is the major site of DON absorption. In the pig, DON is 
rapidly and efficiently absorbed, most probably in the upper part of the small intestine, and is 
mainly excreted in the urine, with no accumulation in tissues. Consumption of DON-
contaminated feed in pigs impacts the gastrointestinal tract, causing epithelial injuries of the 
stomach and the intestine, leading to intestinal inflammatory response. In vitro and in vivo 
studies have also demonstrated that DON inhibits intestinal nutrient absorption, alters 
intestinal cell functions, and compromises the intestinal barrier function (Wache et al., 2009). 
By contrast, the effect of DON on the intestinal microflora has been poorly investigated 
(Waśkiewicz et al., 2014). Another Fusarium mycotoxin of toxicological significance for pigs is 

ZEN. Zearalenone is a macrocyclic lactone that is primarily generated, together with over 
120 of its derivatives, by Fusarium graminearum, F. culmorum, F. cerealis, and F. equiseti 
both in the field and during the storage of corn, barley, sorghum, and soya in 
disadvantageous environmental conditions (Nordkvist and Häggblom, 2014). In animals, 
ZEN is transformed into α- and β-zearalenol, of which the former binds to estrogen receptors 
much more strongly than ZEN. Exposure to ZEN leads to changes in the reproductive 
system of animals, such as edematous uterus, ovarian cysts, and increased follicular 
maturation (Burel et al., 2013; Piotrowska et al., 2014). 

The presence and often co-occurrence of DON and ZEN in cereal pig feed has emerged as a 
severe health, welfare and reproduction problem worldwide because of multitude of effects 
by the mycotoxins. In recent surveys it was shown that cereals used in European pig feed 
are commonly contaminated with DON and/or ZEN as well as other TCT such as T-2 and 
HT-2 toxins (EFSA, 2013; Nordkvist and Häggblom, 2014). Pigs are considered to be the 

farm animals which are the most affected by mycotoxins in general (Burel et al., 2013; 
Wache et al., 2009). Mycotoxins are often present in swine feed in amount that can have 
detrimental impact on swine health (Prodanov-Radulović et al., 2014).  

The aim of the paper was evaluation of possible influence of Fusarium mycotoxins detected 
in complete swine feed mixtures in 2015 year on intestinal swine diseases in commercial 
swine farms located in Vojvodina region.  
 
MATERIAL AND METHODS 
 
The material for research included the samples from four swine farms, where health 
disorders i.e. clinical and pathomorphological signs resembling to the problem with intestinal 
infectious diseases in different swine categories (suckling and weaned piglets, fatteners, 
gilts, sows) were detected. Depending on the specificity of each evaluated case and 
available material, the applied research methods included: epidemiological and clinical 
evaluation, gross pathological examination, standard laboratory testing for detection the 
precence of aerobic and anaerobic bacteria and microbiological feed testing. 

History of the pig units 

The following details were ascertained by the interview and from farm records: number and 
category of pigs on the unit, production details (farrow-to-finish, nucleus or commercial 
fattening farm), disease status, current veterinary health plan (vaccination programmes, 
medication), biosecurity protocols and feeding system used. The animals were observed and 
inspected for clinical signs of disease and abnormal behaviour. The clinical inspection was 
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followed by the necropsy of diseased, dead pigs for gross pathological diagosis and tissue 
sampling for further laboratory investigation. 

Bacteriology and molecular testing 

Isolation of bacteria from tissue samples deriving from dead pigs was performed by standard 
aerobic and microaerophilic cultivation. Microscopic examination determined whether the 
isolated bacteria were Gram positive or not and whether it is a coccoid or rod-like organisms. 
The determination was carried out by determining the biochemical characteristics of the 
isolated bacteria (Quinn et al., 2011). Beside this, the molecular diagnostic method, a 
multiplex RT-PCR for detection of Brachyspira hyodysenteriae (DNA extracted from feces) 
(La et al., 2006) was applied. 

Mycotoxicological feed testing 

The presence of DON, T-2 toxin and ZEA in twelve complete swine feed mixtures were 
analyzed by enzyme-linked immunosorbent assay methods (ELISA), using 
Ridascreen®FAST DON (Art. No. R5901), Ridascreen®FAST T2 (Art. No. R5302) and 
Ridascreen®FAST Zearalenon (Art. No. R5502) test kits (R-Biopharm, Germany). 

 
RESULTS AND DISCUSSION  
 
The first examined farm represents the modern commercial swine farm, located in 
Južnobački district in Vojvodina. In the time of examination, on the farm the following swine 
categories were included: 850 sows, 7 boars, 120 growing gilts, 290 breeding gilts, 1560 
suckling piglets, 5051 weaned piglets and 7050 fatteners. The farm represents the one-site 
production system (farrow-to finish) i.e. all production stages occurring at one site. The farm 
have organized own veterinary services and swine health control program include 
vaccination against Classical Swine Fever (CSF), Porcine Parvovirus (PPV), Mycoplasma 
hyopneumoniae, Circovirus type 2 (PCV-2), Erysipelas and sows vaccination against enteric 
bacterial infections (Clostridium perfringens and Escherichia coli).The last mentioned 
vaccination of dams is applied during gestation with the aim to prevent disease in piglets in 
the first days of life. In the case of disease outbreak, the affected categories are 
therapeutically treated (parenteral injection for clinically diseased animals and water/feed 
medication for in-contacts). Recently, the health disturbances in the female breeding 
categories on the farm were registered: different levels of decreased feed consumption, in 
some animals even complete feed refusal (anorexia). In some cases vomiting in sows was 
detected. Clinically, the diarrhea in weaned piglets around weaning (28-35 day of age) was 
notified. After supervision of the farm records it was discovered that diarrhea occurs in the 
piglets of normal birth body weight and on the weaning there is 30% of small piglets. 
Therapeutic treatment of piglets by antimicrobials did not improve health problems. 
Performing further health control in the weaned piglets the signs of pneumonia (dyspnea, 
cough, serous to purulent nasal discharge) were detected. The gross pathological 
examination of the dead weaned piglets revealed lesions dominantly on the mucosal surface 
of the digestive tract (Haemorrhagiae mucosae ventriculi, Enteritis catharralis acuta et 
haemorrhagica). Also, in some cases the gross pathological changes in lungs were 
discovered (Pleuropneumonia, Pneumonia fibrinosa). By bacteriological testing on tissue 
samples deriving from dead animals the following bacteria was detected: Escherichia coli 
(E.coli), E. coli haemolytica, Arcanobacterium pyogenes, Pasteurella multocida. 
Microbiological testing of complete feed mixture for piglets (grover) detected significant 
increase in the number of fungi genera Fusarium (200000 CFU/g), as compared to the level 
set by the regulation (<50000 CFU/g) (Official Gazette RS, 2010). Applying further laboratory 
testing, the presence of DON in the feed for pregnant and lactating sows was detected. 
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In the second and third evaluated swine farms, the presence of DON in the feed for fatteners 
was detected. These two farms represent one-site production system i.e. on the farm there is 
only fattener production, capacity 2000 animals. The pigs are delivered from two large 
farrow-to-finish, commercial swine farms at the body weight around 20-25 kg. Anamnestically 
and clinically, the health problems included increased incidence of gastrointestinal diseases. 
Analysing the existing data on the seconds and third farm, the high incidence of morbidity in 
fatteners was noticed, which did not decreased after medical treatment.  
 
Table 1. The results of mycotoxicological testing swine feed samples from four examined farms 

Swine Farm 
Complete feed 

mixture for: 

Detected  level of investigated 

mycotoxins (g/kg) 

Reference value 

(g/kg)* 

 
 
Number 1 

Pregnant gilts and 
sows 

DON 3140 < 900 

T-2 < 33 / 

ZEA 500.13 < 500 

Lactating sows 
 

DON 3890 < 900 

ZEA 282.90 < 500  

T-2 < 33 / 

 
Number 2 
 

Fatteners 

DON 2940 < 900 

T-2 < 33 / 

ZEA 197.01 < 500 

Number 3 Fatteners  
DON 4240 < 900 

ZEA 287.01  < 500 

 
 
 
 
 
 
 
 
 
 
 
 
Number 4 
 

Weaned piglets  
20‒30 kg body weight 

DON 2000 < 900 

T-2 36.99 / 

ZEA > 400 < 200 

Weaned piglets 
20‒30 kg body weight 

DON 5620 < 900 

T-2 < 33 / 

ZEA > 400 < 200 

Breeding animals  
30‒60 kg body weight 

DON 1770 < 900 

T-2 < 33 / 

ZEA > 400 < 200 

Breeding animals  
60‒100 kg body 
weight 

DON 2500 < 900 

T-2 41.18 / 

ZEA 500.23 < 500 

Fatteners 

DON 4340 < 900 

T-2 < 33 / 

ZEA 551.84 < 500 

Fatteners 

DON 3890 < 900 

T-2 < 33 / 

ZEA 628.27 < 500 

Lactating sows 

DON 2590 < 900 

T-2 < 33 / 

ZEA 442.52 < 500 

Pregnant sows 

DON > 6000 < 900 

T-2 37.56 / 

ZEA > 800 < 500 

* maximum permissible level according to Serbian regulations (Official Gazette RS, 2014) 

Therapeutic treatment of the diseased animals was intensive and multiple: the antibiotics 
were given through feed, water and parenterally. Clinically, the bloody diarrhoea and perineal 
staining  in most of fatteners was detected. In some cases, the diarrhoea was greyish black, 
with blood and mucus flecks. A reduced feed consumption, loss of weight and insufficient 
weight gain were also notified. Therapeutic treatment with antibiotics only temporarily 
improved health problems. However, reappearance of diarrhea often ocurrs after removal of 
antimicrobials from the water or feed. Appying gross pathological examination on the dead 
weaners and finishers, the prominant changes on the digestive tract (Gastroenteritis 



XVII International Symposium “Feed Technology” 

110 

 

haemorrhagica, Typhlocolitis haemorrhagica, Ulcus oesophagogastricum) and respiratory 
tract (Pleuritis adhaesiva diffusa) were detected. By bacteriological testing from the tissue 
samples deriving from the dead fatteners, E. coli and E. coli haemolytica were isolated. 
Applying RT-PCR method on the fecal samples derived from weaners and finishers, 
Brachyspira hyodysenteriae was detected.  

The results showed that DON and ZEN exposure to the pigs occurred at different levels from 
examined complete mixture samples. Research investigating the influence of mycotoxins on 
the animal susceptibility to infectious diseases focuses mainly on exposure to single major 
mycotoxins. However, limited information is available on the interaction between low levels of 
mycotoxins and causative agents of swine infectious diseases (Prodanov-Radulović et al., 
2014). The main effect of DON ingestion in pigs, is a decrease of both feed intake and weight 
gains. These effects are observed for contamination level above 1 mg/kg feed and are 
dependent on the age of animals and the feeding period (Wache et al., 2009). The 
gastrointestinal tract is the first barrier against feed contaminants as well as the first target for 
mycotoxins. DON affects the integrity of intestinal epithelium through alterations in cell 
morphology and differentiation in the barrier function. The intestine is a preferential immune 
site where immune regulatory mechanisms simultaneously defend the body against 
pathogens, but also maintain tissue homeostasis to avoid immune-mediated pathology in 
response to environmental challenges (Burel et al., 2013; Waśkiewicz et al., 2014). 

The last examined farm represent the modern commercial swine farm, located in Južnobački 
district in Vojvodina. In the time of examination, on the farm the following swine categories 
were included: 1550 sows, 30 boars, 285 breeding gilts, 2765 suckling piglets, 6573 weaned 
piglets and 5650 fatteners. The farm represent the one-site production system (farrow-to-
finish) i.e. all production stages occuring at one site. The farm have organised own veterinary 
services and swine health control programm include: the vaccination against CSF, PPV, 
Mycoplasma hyopneumoniae, PCV-2, Erysipelas and sows vaccination against Cl.perfringes 
and E. coli. In the case of health distrurbance, the animals are therapeutically treated 
(parenteral injections, in-feed and in-water medication). By clinical and pathological 
examination, in neonatal piglets the clinical sign of vulvovaginitis and lesions dominantly in 
digestive tract were discovered. Applying bacteriological testing E. coli and E.coli 
haemolytica were detected. Similarly, enteric infections and alteration of growth performance 
were notified in weaners and fatteners. In breeding swine categories, reduced feed 
consumption, sometimes distinct feed refusal and vomiting were observed. In all examined 
samples of complete feed mixtures for different swine categories the concentration of DON 
and ZEA exceeded the maximum permitted levels (Table 1). According to Serbian 
Regulation (Official Gazette RS, 2014) there is no maximal permited level for T2 toxin. 
Indicative levels for the sum of T-2 and HT-2 in compound feed according to Commission 
recommendation of 27 March 2013 on the presence of T-2 and HT-2 toxin in cereals and 
cereal products (EC, 2013) is 250 µg/kg. 

The continuos intake of small amounts of mycotoxins may leads to chronic intoxication which 
is clinically characterized by the loss of weight, insufficient weight gain and increased 
susceptibility for infectious diseases (Wache et al., 2009; Prodanov-Radulovic et al, 2014). 
The reduction in weight gain as a consequence of reduced feed consumption is strongly 
associated with the exposure of farm animals to DON, with pigs being one of the most 
sensitive species (Piotrowska et al., 2014). The reporting of intestinal lesions has been 
inconsistent and not systematically correlated with the clinical signs. Congestion and 
erosions of the gastric and intestinal mucosae have been described following chronic DON 
exposure in pigs. The intestinal mucosa is the first biological barrier encountered by natural 
toxins, and consequently, it could be exposed to high amounts of dietary toxins. The 
mycotoxins may induce intestinal pathologies, including necrosis of the intestinal epithelium. 
They also disturb the barrier function, potentially leading to the increased translocation of 
pathogens and an increased susceptibility to enteric infectious diseases (Pinton and Oswald, 
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2014). Unfortunately, the toxicity of combinations of mycotoxins cannot always be predicted 
based upon their individual toxicities. Recent data suggest that the type of interaction 
depends not only on the type of toxin and their ratio, but also on the concentration of the 
toxin-mixture at a constant ratio (Wache et al., 2009; Nordkvist and Häggblom, 2014). 
Our results are in agreement with other studies, showing a transient strong effect of DON on 
feed intake in pigs and occurrence of clinical signs of gastrointestinal disturbances (vomiting, 
anorexia). On the investigated swine farms, we noticed the presence of various persistant 
infections of gastrointestinal tract, which react poorly or do not react on the applied 
antimicrobial therapy. The biggest challenge with mycotoxicoses is the non-specific nature of 
symptoms in the affected animals. Consequently, the health disorders due to mycotoxins in 
the feed are difficult to diagnose (Prodanov-Radulovic et al., 2014). 

 
CONCLUSIONS 
 
The obtained results indicate the presence of DON above the maximum permissible level 
according to Serbian National Regulations in all examined samples of complete swine 
mixtures. Beside this, on investigated swine farms the existence of possible positive 
interactions between the Fusarium mycotoxins and causative agents of intestinal swine 
diseases may be suggested. Certainly, more comprehensive research is needed to 
understand the impact of mycotoxin combinations and to determine when synergistic 
interactions occur. 
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ABSTRACT 
 
The objective of the present study was to observe and compare properties of nine maize hybrids 
biomass in order to determine their suitability for animal feed production. Yields, structure of the dry 
matter of the investigated maize hybrids, as well as the yield of the digestible dry matter were 
determined in maize hybrids harvested in the full waxy maturity stage. The content of lignocellulosic 
fibres, their respective ratios and the in vitro dry matter digestibility of the whole maize plant as well as 
the neutral detergent fibre digestibility (NDFD) were established.  
The results indicated significant differences in dry matter in vitro digestibility of the whole plant among 
different hybrids in the most optimal harvest stage. The whole plant dry matter digestibility of the 
investigated maize hybrids ranged from 59.67 to 65.53%. Very significant positive correlation was 
determined between NDFD and in vitro dry matter digestibility of the whole maize plant (r=0.66).  
Biomass of the selected maize hybrids was rated as feed of high quality and can, therefore, be used 
for animal feed production in different ratios depending on animal species, category and dietary 
needs. 
 
Keywords: maize hybrids, biomass, pepsin-cellulase in vitro dry matter digestibility, animal feed 

 
INTRODUCTION 
 
Maize (Zea mays L.) is a cereal crop grown worldwide in a range of agroecological 
environments. More maize is produced annually than any other grain. More than 90% of all 
produced maize is used predominantly for animal feed, food and alcohol production 
(Semenčenko, 2013). Due to quality of biomass, suitability for silage and diversified 
utilisation as feed, maize ranks first among forage plants (Terzić et al., 2010). Maize is 
regarded as one of the most important fodder crops in ruminant nutrition due to high level of 
dry matter content as well as a significant proportion of grain. This grain is a primary energy 
supplement in dairy diets and can contribute up to 30, 60, and 98% of the diet's protein, net 
energy and starch, respectively (Mlyneková and Čerešňáková, 2013). 
The prospects are that in the near future maize will continue to expand and diversify as a 
crop for food, feed and biofuel, as an industrial resource as well as a research model 
(Bennetzen and Hake, 2009; Semenčenko et al., 2013). In Serbia, maize is a traditionally 
cultivated as a number one field crop (Radosavljević et. al, 2010). 
The forage part of the maize plant can be utilised in different ways. Some is harvested as 
whole plant maize silage and can be used as both an energy source and a roughage source 
in feedlot diets. The second use of maize forage is residue harvest after grain harvest and fed 
as a roughage source in finishing diets or mixed with wet by-products and fed as an energy 
source for cattle or beef cows (Klopfenstein et al., 2013). 
Digestibility is an important factor of the nutritive value of feed. It determines the relation 
between contents of nutrients and energy that are available to ruminants. Estimates of 
potential degradability and rates of degradation in the rumen are prerequisites in feed/ration 
evaluation systems that model rumen dynamics. The most accurate way of obtaining 
information on digestibility of feeds for ruminants is by conducting in vivo digestibility 
experiments (Pojić et al., 2008). Currently, in situ and in vivo methods are the main reference 
methods used in European systems (Chrenková et al., 2014; Hvelplund et al., 2009). 
However, these methods are expensive, time-consuming not animal-friendly and not suited 
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for routine analysis, there has been a constant search for laboratory methods for routine 
prediction of the in vivo digestibility of ruminant feeds, in order to implement an adequate 
system of quality control in the feed industry (Pojić et al., 2008).  
The use of incubation of feeds with exogenous enzymes to predict the in vivo dry matter 
digestibility has the aim to mimic the digestive process in the animal. Most enzymatic 
methods for the digestibility prediction have been developed for forage feedstuffs, with a few 
used for other feedstuffs, e.g. grains and compound feeds (Aufrére, 2006). 
Digestibility of neutral detergent fibre (NDFD) is an important parameter of forage quality 
because it varies widely in its degradability in rumen and influences animal performance. 
Evaluation of forages for NDF digestibility is being conducted to aid prediction of total forage 
digestibility. Research has demonstrated that lactating dairy cows will eat more dry matter 
(DM) and produce more milk when fed forages that have higher NDF digestibility (Hoffman et 
al., 2003). Digestibility of NDF in vitro or in situ is considered a better indicator of dry matter 
intake of dairy cows than NDFD in vivo because forages with high in vitro or in situ NDFD 
have shorter rumen retention times, allowing greater dry matter intake at the expense of 
NDFD in vivo. Although many experiments have reported NDFD data, interpretation of 
results is difficult because of a variety of confounding factors. Experiments comparing 
forages that differ only in NDFD are rare, and it is difficult to confirm that other factors that 
could potentially affect animal performance did not vary (Oba and Allen, 1999). 
 The main goal of this study was to investigate some of the important properties of maize 
hybrids biomass such as: lignocellulosic fibre contents and their ratios, in vitro dry matter 
digestibility and neutral detergent fibre digestibility (NDFD) in order to evaluate potentials of 
their use as animal feed. 
 

MATERIAL AND METHODS 
 
Nine hybrids with different genetic background and maturity groups (ZP 341, ZP 377, ZP 
434, ZP 444, ZP 505, ZP 560, ZP 600, ZP 606, ZP 677) were tested in the field experiment. 
The two-replicate trail was set up according to the randomized complete-block design in the 
experimental plot of the Maize Research Institute, Zemun Polje.  
The following traits were determined: lignocellulosic fibres such as NDF-neutral detergent 
fibres, ADF-acid detergent fibres, ADL-acid detergent lignin, hemicelluloses and cellulose, 
reducing sugars, sucrose and dry matter digestibility of kernel and the whole maize plants. 
Plants of each replicate were harvested at the full waxy maturity stage from the area of 7m2 
(two inner rows). Samples of the whole maize plants were chopped and dried at 60oC for 48h 
and then ground in the mill with 1-mm sieves. The modified Van Soest detergent method was 
applied to determine lignocellulose fibres (NDF - neutral detergent fibres, ADF - acid detergent 
fibres, ADL - acid detergent lignin) (Mertens, 1992). In vitro digestibility of the whole maize 
plant samples was performed by the Aufréré method (2006) based on enzymatic solubility 
(ES). The NDFD (NDF digestibility) was calculated by the equation reported by Brenner et 
al., 2010: NDFD=100(ES-(100-NDF))/NDF). 
Data reported for tested parameters of the ZP hybrids were assessed by the analysis of 
variance (ANOVA) and the LSD multiple test was used for any significant differences at the 
P<0.05 level between the means. All the analyses were conducted using the statistical 
software package STATISTICA 8.1. (StatSoft Inc. USA). 

 
RESULTS AND DISCUSSION 
 
Yield structure of the investigated ZP maize silage hybrids is presented in table 1. Dry matter 
content of the whole plant determined at harvest ranged from 36.37 to 43.00%. 
Recommended values for dry matter content of maize plants used for silage preparation 
range between 30 and 35%. Ensiling plants with dry matter content lower than 28% produces 
silages that are too acidic and have lower nutritive value (Pejić, 1994). Dry matter yield of the 
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whole plant ranged from 11.6 (ZP 434) to 14.5 t·ha-1 (ZP 444); stover from 5.9 (ZP 434) to 
7.6 t·ha-1 (ZP 444 and ZP 560); ear from 5.7 (ZP 434) to 7.0 t·ha-1. Whole plant digestible dry 
matter yield varied between 7.5 (ZP 677) and 9.3 t·ha-1 (ZP 444). 
 
Table 1. Yield structure of the investigated maize hybrids  

 
Data on the content of NDF, ADF, ADL, hemicellulose and cellulose are presented in table 2.  
 
Table 2. Content of lignocellulose fibres of the whole maize hybrid plants  

Means in the same column with different superscripts differ (p<0.05) 

 
As shown in table 2 contents of lignocellulosic fibres of the whole maize plant: NDF, ADF, 
ADL, hemicelluloses and cellulose ranged between: 49.26 and 56.76; 22.75 to 28.43; 1.61 to 
2.45; 25.77 to 28.33; and 21.14 to 26.21%, respectively. The differences in lignocellulosic 
fibres contents were statistically significant. These differences influenced variations in the 
obtained in vitro dry matter digestibility coefficients. The lowest ADF, NDF and ADL content 
in the whole plant biomass was observed in ZP 434, a dent x flint hybrid. These results are in 
accordance with those reported by Mlyneková and Čerešňáková (2013a), who found the 
larger amount of ADF, NDF and lignin in dent than in dent x flint hybrids' morphological parts 
as well as of the whole plants. 
Obtained results on the NDF digestibility and in vitro dry matter digestibility of the whole 
maize plant are presented in table 3. 
Neutral detergent fibre digestibility (NDFD) varied between 19.37 (ZP 505) and 31.86% (ZP 

560), and in vitro dry matter digestibility of the whole maize plant ranged from 59.67 (ZP 
677) to 65.53% (ZP 434). Research has demonstrated that lactating dairy cows will eat more 

dry matter (DM) and produce more milk when fed forages that have higher NDF digestibility 
(Hoffman et al., 2003; Oba and Allen, 1999).  

Hybrid 
Whole plant 
dry matter 
content, % 

Dry matter yield, t·ha
-1

 
Fraction of the overall 

dry matter yield, % 

Whole 
plant 

Stover Ear 

Whole plant 
digestible 
dry matter 

yield 

Stover Ear 

ZP 341 37.97 12.7 6.3 6.4 7.7 49.61 50.39 

ZP 377 36.58 12.7 6.6 6.1 7.7 52.16 48.03 

ZP 434 36.37 11.6 5.9 5.7 7.6 50.86 49.14 

ZP 444 41.37 14.5 7.6 6.9 9.3 52.41 47.59 

ZP 505 43.00 14.3 7.3 7.0 8.6 51.05 48.95 

ZP 560 42.83 14.4 7.6 6.8 9.2 52.78 47.22 

ZP 600 39.97 13.5 7.5 6.0 8.5 55.56 44.44 

ZP 606 38.09 13.3 7.5 5.8 8.1 56.39 43.61 

ZP 677 39.03 12.5 6.6 5.9 7.5 52.80 47.20 

Hybrid NDF, % ADF, % ADL, % 
Hemicellulose, 

% 
Cellulose, % 

ZP 341 50.29
de

 24.52
c
 1.95

c
 25.77

d
 22.57 

ZP 377 54.61
b
 26.70

b
 2.45

a
 27.91

a
 24.25 

ZP 434 49.26
f
 22.75

e
 1.61

f
 26.51

bcd
 21.14 

ZP 444 51.53
c
 24.56

c
 1.91

cd
 26.97

bc
 22.65 

ZP 505 49.76
ef
 23.52

d
 1.92

cd
 26.24

cd
 21.60 

ZP 560 50.61
d
 23.53

d
 1.68

e
 27.08

b
 21.79 

ZP 600 50.81
cd

 24.36
c
 1.86d

e
 26.45

bcd
 22.53 

ZP 606 56.76
d
 28.43

a
 2.22

b
 28.33

a
 26.21 

ZP 677 55.12
b
 27.15

b
 1.88

cd
 27.98

a
 25.27 

LSD0.05 0.73 0.59 0.10 0.75 / 
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Differences in digestible NDF content influenced the overall dry matter digestibility of the 
whole plant. 
 
Table 3. Neutral detergent fibre digestibility and whole maize plant in vitro dry matter digestibility 

Means in the same column with different superscripts differ (p<0.05) 

Values of the ratios calculated between different lignocelluloses fibres contents are 
presented in table 4.  

Table 4. Lignocellulosic fibre content ratios 

Means in the same column with different superscripts differ (p<0.05) 

 
Table 5. Correlation coefficients between the investigated properties of silage maize hybrids biomass 

Hybrid NDFD, % Dry matter digestibility, % 

ZP 341 21.30
d
 60.43

dc
 

ZP 377 27.66
bc

 60.50
dc

 

ZP 434 30.01
ab

 65.53
a
 

ZP 444 29.61
ab

 64.00
b
 

ZP 505 19.37
d
 59.89

de
 

ZP 560 31.86
a
 65.52

a
 

ZP 600 26.98
c
 62.90

c
 

ZP 606 30.73
a
 60.71

d
 

ZP 677 26.84
c
 59.67

e
 

LSD0.05 2.84 1.02 

Hybrid 
ADL/
NDF 

ADL/ 
ADF 

ADF/ 
NDF 

Hemicellulose
/ 

NDF 

Cellulose/ 
NDF 

Cellulose/ 
Hemicellulos

e 

Hemicellulose/ 
cellulose 

ZP 341 3,88
b
 7,95

bc
 48,75

bc
 51,25

cde
 44,88

b
 87,57

b
 114,21

ef
 

ZP 377 4,48
a
 9,16

a
 48,90

bc
 51,13

de
 44,41

bc
 85,67

bc
 116,76

de
 

ZP 434 3,27
e
 7,11

d
 46,01

f
 53,82

a
 42,92

e
 79,76

f
 125,39

a
 

ZP 444 
3,71

c

d
 

7,78
bc

d
 

47,65
d
 52,35

bc
 43,95

cd
 83,95

cd
 119,12

cd
 

ZP 505 
3,85

b

c
 

8,14
b
 47,27

de
 52,74

ab
 43,42

de
 82,33

dc
 121,48

bc
 

ZP 560 3,32
e
 7,14

d
 46,48

ef
 53,52

a
 43,07

e
 80,48

ef
 124,27

ab
 

ZP 600 
3,59

d
 7,49

bc

d
 

47,94
cd

 52,06
bcd

 44,35
bc

 85,20
bc

 117,38
de

 

ZP 606 
3,91

b
 7,79

bc

d
 

50,11
a
 49,94

f
 46,21

a
 92,52

a
 108,09

g
 

ZP 677 3,40
e
 6,91

cd
 49,25

ab
 50,75

ef
 45,84

a
 90,32

a
 110,74

fg
 

LSD0.05 0.16 0.73 1.06 1.10 0.87 2.54 3.48 

 NDFD Dry matter digestibility 

Ear -0.10 0.13 

Plant without ear 0.24 0.09 

NDF 0.32 -0.50* 

ADF 0.19 -0.61** 

ADL -0.01 -0.58* 

Hemicellulose 0.55* -0.22 

Cellulose 0.22 -0.58* 

ADL/NDF -0.30 -0.58* 

ADL/ADF -0.30 -0.51* 

ADF/NDF -0.10 -0.73** 

Cellulose/NDF 0.09 0.73** 

Hemicellulose/NDF -0.01 -0.65** 

Cellulose/hemicellulose -0.04 -0.68** 

Hemicellulose/cellulose 0.06 0.69** 

Dry matter digestibility 0.66
**
 / 
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Calculated ratios between different fibre constituents of the whole maize plant were 
statistically significant. These differences between respective ratios also influenced the 
overall dry matter digestibility of the whole plant. 
Results of the statistically obtained correlation coefficients between the investigated 
properties of nine selected ZP maize hybrids biomass are presented in Table 5. 
Significant positive correlation was determined between digestible NDF and hemicellulose 
content (r=0.55). Very significant positive correlation was determined between NDFD and in 
vitro dry matter digestibility of the whole maize plant (r=0.66). Very significant negative 
correlations were determined between in vitro dry matter digestibility of the whole maize plant 
and ADF content (r=-0.61); ADF/NDF ratio (r=-0.73); hemicellulose/NDF ratio (r=-0.65) and 
cellulose/hemicelluloses ratio (r=-0.68). Significant negative correlations between in vitro dry 
matter digestibility of the whole maize plant and NDF content (r=-0.50); ADL content (r=-
0.58); cellulose content (r=-0.58), ADL/NDF ratio (r=-0.58) and ADL/NDF ratio (r=-0.51) 
respectively, were noticed. These results are in agreement with those obtained by 
Čerešňáková et al. (1996) who determined a negative correlation between digestibility of 
organic matter (dry matter – ash content) and NDF, ADF and hemicelluloses, as well as a 
significant negative correlation between digestible organic matter and NDF (%) in organic 
matter. Very significant positive correlations between in vitro dry matter digestibility of the 
whole maize plant and cellulose/NDF (r=0.73) as well as hemicelluloses/cellulose ratio 
(r=0.69) were observed.  

 
CONCLUSIONS 
 
The results obtained in this study indicated significant differences in dry matter in vitro 
digestibility of the whole plant among different hybrids in the most optimal harvest stage. The 
whole plant dry matter digestibility ranged from 59.67 to 65.53%. Very significant positive 
correlations between in vitro dry matter digestibility of the whole maize plant and 
cellulose/NDF (r=0.73) as well as hemicelluloses/cellulose ratio (r=0.69) were observed. Very 
significant negative correlations were determined between in vitro dry matter digestibility of 
the whole maize plant and ADF content (r=-0.61); ADF/NDF ratio (r=-0.73); 
hemicellulose/NDF ratio (r=-0.65) and cellulose/hemicelluloses ratio (r=-0.68). Biomass of 
the selected maize hybrids was rated as high quality feed and can, therefore, be used for 
animal feed production in different ratios depending on animal species, category and dietary 
needs. 
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ABSTRACT 
 
Maize (Zea Mays L.) silage is a feed source that provides majority of forage fibre and energy in 
ruminant diets. Many factors have to be taken into consideration to get the most benefit from this 
valuable feed. Hybrid selection directed towards high whole plant yield and excellent nutritional 
characteristics is of great importance for the quality of maize silage. In addition to high whole plant 
yield which is a prerequisite for promising silage maize hybrids, the most important parameters that 
can influence maize silage quality include lignocellulose fibres content and dry matter (DM) 
digestibility. The aim of this study was to observe quality parameters of maize hybrids in order to 
determine their suitability for silage production.  
The whole plants of nine maize hybrids developed at the Maize Research Institute, Zemun Polje, were 
used in this study. Forage yield, dry matter yield of whole plant and ear as well as the yield of the 
digestible DM of the maize hybrids were investigated and ranged from: 57.0 – 76.2 t∙ha

-1
; 19.1 – 29.7 

t∙ha
-1

; 9.4 – 17.9 t∙ha
-1 

and 12.5 – 19.9 t∙ha
-1

, respectively. The content of NDF, ADF, ADL, 
hemicellulose and cellulose of the whole maize plant ranged between: 40.00 – 49.22%; 18.55 – 
24.67%; 1.42 – 2.16%; 21.01 – 24.55%; 16.92 – 22.69%, respectively. In vitro dry matter digestibility 
of the investigated maize hybrids varied from 62.31% to 69.37%, while NDFD (NDF digestibility) and 
dNDF (DM that is digestible NDF) ranged from 13.49 to 29.22% and from 5.52 to 14.38%, 
respectively.  
According to the results obtained in this study significant differences regarding NDF, ADF, 
hemicellulose and cellulose content were detected, while ADL content did not differ much among 
hybrids. Among the investigated hybrids the highest value of dry matter digestibility, low NDF and ADL 
content were obtained by hybrid ZP 560, which makes it the most promising candidate for high quality 
silage production. 
 
Key words: maize hybrids, lignocellulose fibres, dry matter digestibility, silage.  

 

 
INTRODUCTION 
 
Maize (Zea mays L.) is considered the most important forage plant due to relatively stable 
yield under a wide variety of environmental and agronomical conditions, high nutritional value 
and energy content of its biomass, as well as good ensiling properties (Terzić et al., 2010, 
Khan et al., 2015, Ferreira et al., 2013). Silage maize allows feeding cattle daily throughout 
the year and is very well accepted by ruminants (Bertoia and Aulicino, 2014).  

Maize ensiling is the fermentation process of preservation of moist crops whereby lactic acid 
bacteria convert water-soluble carbohydrates into organic acids under anaerobic conditions; 
as a result the pH decreases and the silage is preserved as long as it is not exposed to air in 
silos. The extensive use of the whole maize plant for dairy and meat cattle feeding, 
especially as silage, is relatively recent, despite the fact that as early as 1791, A.A. 
Parmentier had observed that “cows eat maize forage greedily, and it makes them yield a lot 
of milk”. The first maize silage was made in France in 1852 by A. Goffart, but the surface 
area of maize cropped for silage making began to increase significantly only one century 
later (Roussel et al., 2002). The importance of links between the food given to animals, their 
health, and the real and potential risks to human health has increased in recent years. 
Additives designed to promote fermentation are relatively unpopular and their use is not 
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guaranteed to remove the risk of undesirable components in silage (Weinberg and Chen, 
2013; Wilkinson, 1999).  

Maize is traditionally cultivated as a number one field crop in Serbia (Radosavljević et al., 
2015). In 2014 in Serbia 7.95 mil tons of maize was harvested from 1,057,876 ha, with the 
average yield of 7.5 t·ha-1 (Statistical Yearbook of the Republic of Serbia, 2015). Among 111 

countries listed on Index Mundi’s Corn Production by Country, Serbia ranks 15 with predicted 
7 mil tons maize production in 2016 (Index Mundi, 2016).  

Maize hybrid selection is one of the most important decisions in silage production. Breeding 
forage maize should combine improvement achieved for grain with specific needs for forage 
hybrids (Bertoia and Aulicino, 2014). In addition to the classical agronomic traits, yield, pest- 
and disease resistance, root lodging and tolerance to climatic stresses, the main aim in 
silage maize breeding is to increase net energy supplied by forage in cattle diet. The best 
silage hybrids should have higher forage yield, high grain yield, low fibre levels, and highly 
digestible stover (Radosavljević et al., 2015; Hinen, 2006; Michalet Doreau and Philippeau, 
1999). Specialty hybrids for maize silage have unique physical or chemical characteristics 
which may affect their forage value. These include leafy, brown mid-rib, waxy, high oil, and 
high lysine hybrids. In many cases, these hybrid types are poor choices for silage due to 
reduction in yield or low drought tolerance or standability (Hinen, 2006). 

Since digestibility of plant component varies with genotype, maize quality is determined by 
plant morphology and architecture (Bertoia and Aulicino, 2014). The lignifications level of the 
cell wall constituents is a limiting factor in forage digestibility. Barrière et al. (2005) found that 
modern hybrids have proved to have, on average, 5.5% lower in vivo cell wall digestibility 
than older ones, despite a tendency to a slight but significant increase in grain content.  

The nutritive value of maize silages is influenced by a number of factors such as genotype 
(maturity group, cell wall or starch and endosperm type), agronomic (soil type, fertilization 
etc.), and growth conditions (temperature, irradiation, etc), maturity at harvest, harvesting 
practices (chop length, kernel processing, etc.) and ensiling conditions (Khan et al., 2015). 
Many studies conducted in recent years emphasize the importance of detailed hybrid 
characterization regarding chemical composition and dry matter digestibility in improving 
maize hybrid properties for high-value feed formulation (Khan et al., 2015; Radosavljević et 
al. 2012, 2015; Ferreira et al., 2013;).  

The main goal of this study was to investigate some of the important quality parameters of 
maize hybrids of different genetic background and maturity groups such as: yield structure, 
lignocellulosic fibre contents and their ratios, in vitro dry matter digestibility and neutral 
detergent fibre digestibility (NDFD) in order to evaluate potentials of their use for silage 
production. 

 
MATERIAL AND METHODS 
 
Nine hybrids with different genetic background and maturity groups (ZP 360, ZP 560, ZP 
600, ZP 606, ZP 677, ZP 685, ZP 704, ZP 789, and ZP 790) were tested in the field 
experiment conducted in 2014. The two-replicate trail was set up according to the 
randomized complete-block design in the experimental plot of the Maize Research Institute, 
Zemun Polje.  

The following traits were determined: lignocellulosic fibres such as NDF-neutral detergent 
fibres, ADF-acid detergent fibres, ADL-acid detergent lignin, hemicelluloses and cellulose, as 
well as dry matter digestibility of the whole maize plants. Plants of each replicate were 
harvested at the full waxy maturity stage from the area of 7m2 (two inner rows). Samples of the 
whole maize plants were first chopped then dried at 60oC for 48h in a forced-air drying oven 
until constant moisture was reached and then ground in the mill with 1-mm sieves. The 
modified Van Soest detergent method (Van Soest and Robertson, 1980) was applied to 
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determine lignocellulose fibres (NDF - neutral detergent fibres, ADF - acid detergent fibres, ADL 
- acid detergent lignin) (Mertens, 1992). In vitro dry matter digestibility (IVDMD) of the whole 
maize plant samples was performed by the Aufréré method (2006) based on enzymatic 
solubility (ES). The NDFD (NDF digestibility) was calculated by the equation proposed by 
Brenner et al. (2010): NDFD=100(ES-(100-NDF))/NDF). Statistical analyses were conducted 
using the Microsoft Office Excel 2007. 

 
RESULTS AND DISCUSSION 
 
Enhanced yield and nutritional value are the primary goals in development of high quality 
maize hybrids intended for silage production.  

Yield structure of the investigated ZP maize silage hybrids is presented in table 1. Dry matter 
content of the maize plant marks the harvest maturity and is an important factor that can 
influence silage quality (Khan et al., 2015), in our study it ranged from 31.23 to 42.79% 
(Table 1). The progressing maturity of the maize crop during the grain filling period increases 
the content of DM and starch, and decreases the content of NDF and crude protein. The 
starch content of the maize silages increases up to a DM content of approximately 38-40%. 
Recommended harvest maturity of silage maize plants varies between 30 and 35% (Khan et 
al., 2015, Johnson et al., 1999). Very strong negative correlation (r=-086) was determined 
between whole plant dry matter content and NDF content. 
 
Table 1. Yield structure of the investigated maize hybrids 

Hybrid 

Whole plant 
dry 

matter 
content, % 

Forage 
yield, 
t·ha

-1
 

Dry matter yield, t·ha
-1

 
Whole plant 
digestible 
dry matter 
yield, t·ha

-1
 

Fraction of the 
overall dry matter 

yield, % 

Whole 
plant 

Stover 
 

Ear Stover Ear 

ZP 360 34.21 59.5 20.4 8.9 11.5 13.3 43.63 56.37 

ZP 560 38.88 57.3 22.3 9.3 13.0 15.5 41.70 58.30 

ZP 600 39.83 58.9 22.1 8.1 14.0 14.7 36.65 63.35 

ZP 606 31.23 61.1 19.1 9.7 9.4 12.5 50.78 49.22 

ZP 677 38.96 76.2 29.7 11.8 17.9 19.9 39.73 60.27 

ZP 685 42.79 66.7 28.6 11.2 17.4 18.7 39.16 60.84 

ZP 704 39.33 61.8 24.3 10.2 14.1 15.7 41.98 58.02 

ZP 789 38.52 62.0 24.1 11.0 13.1 15.3 45.64 54.36 

ZP 790 42.00 57.0 24.0 9.5 14.5 15.0 39.58 60.42 

Minimum 31.23 57.0 19.1 8.1 9.4 12.5 36.65 49.22 

Maximum 42.79 76.2 29.7 11.8 17.9 19.9 50.78 63.35 

Average 38.42 62.32 23.84 9.97 13.88 15.62 42.39 57.61 

SD 3.62 5.99 3.48 1.19 2.65 2.35 4.19 4.19 

 

Forage yield of the whole plant ranged from 57.0 (ZP 790) to 76.2 t·ha-1 (ZP 677). Dry matter 
yield of the whole plant ranged from 19.1 (ZP 606) to 29.7 t·ha-1 (ZP 677); stover from 8.1 
(ZP 600) to 11.8 t·ha-1 (ZP 677); ear from 9.4 (ZP 606) to 17.9 t·ha-1(ZP 677) (Table 1). Even 
though the grain-to-stover ratio and whole plant dry matter yield are important determinants 
of adaptability of a hybrid to silage production, of greater importance is digestible dry matter 
per hectare or per ton (Thomas et al., 2001). Whole plant digestible dry matter yield ranged 
from 12.50 t·ha-1 (ZP 606) to 19.90 t·ha-1 (ZP 677) (Table 1). 

Although much of the feeding value of the maize plant is accounted for by the ear, which is 
high in starch, a considerable proportion comes from cell wall material, present in stover 
(stem and leaves). Results of our study show that fraction of the overall stover dry matter 
yield ranged between 36.65 and 50.78% (Table 1), which is in accordance with the findings 
of Boon et al. (2012) who reported that the proportion of stover material in the total dry matter 
can be as high as 30–50% at the end of the season.  
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Values of the content of NDF, ADF, ADL, hemicellulose and cellulose are presented in Table 
2. Contents of lignocellulosic fibres of the whole maize plant: NDF, ADF, ADL, 
hemicelluloses and cellulose ranged between: 40.00 and 49.22; 18.55 to 24.67; 1.42 to 2.16; 
21.01 to 24.55; and 16.92 to 22.69%, respectively (Table 2). Various researchers reported 
similar values of lignocellulose fibre contents (Khan et al., 2015; Radosavljević et al., 2012, 
2015; Ferreira et al., 2014). 
 
Table 2. Content of lignocellulose fibres of the whole maize hybrid plants 

Hybrid 

Content (%) 

NDF ADF ADL Hemicellulose Cellulose 

ZP 360 43.61 20.79 1.66 22.82 19.13 

ZP 560 41.49 19.31 1.42 22.18 17.89 

ZP 600 40.00 18.99 1.63 21.01 17.36 

ZP 606 49.22 24.67 1.98 24.55 22.69 

ZP 677 41.09 19.51 1.68 21.58 17.83 

ZP 685 40.87 18.82 1.63 22.05 17.19 

ZP 704 40.93 18.55 1.63 22.38 16.92 

ZP 789 44.32 20.98 2.16 23.34 18.82 

ZP 790 43.08 21.26 2.04 21.82 19.22 

Minimum 40.00 18.55 1.42 21.01 16.92 

Maximum 49.22 24.67 2.16 24.55 22.69 

Average 42.73 20.32 1.76 22.41 18.56 

SD 2.83 4.13 0.47 2.03 3.70 

 

Ratios of the lignocellulosic fibre contents are represented in Table 3. 
The lowest L/NDF ratio of 3.43 was calculated for hybrid ZP 560, which makes it, among the 
investigated hybrids, highly favourable for silage production. 
 
Table 3. Lignocellulosic fibre content ratios 

Hybrid 

Ratio (%) 

L/NDF L/ADF ADF/NDF Hcel/NDF Cel/NDF Cel/Hcel Hcel/Cel 

ZP 360 3.80 7.96 47.66 52.34 45.01 86.00 116.28 

ZP 560 3.43 7.36 46.54 53.46 43.11 80.66 124.06 

ZP 600 4.07 8.56 47.47 52.53 43.41 82.64 121.05 

ZP 606 4.02 8.01 50.13 49.87 46.12 92.48 108.15 

ZP 677 4.09 8.62 47.47 52.53 43.38 82.59 121.10 

ZP 685 3.98 8.64 46.04 53.96 42.06 78.95 126.73 

ZP 704 3.97 8.77 45.31 54.69 41.34 75.70 132.32 

ZP 789 4.88 10.03 47.34 52.66 42.47 80.65 124.00 

ZP 790 4.73 9.57 49.35 50.65 44.63 88.12 113.50 

Minimum 3.43 7.36 45.31 49.87 41.34 75.70 108.15 

Maximum 4.88 10.03 50.13 54.69 46.12 92.48 132.32 

Average 4.11 8.61 47.48 52.52 43.50 83.09 120.80 

SD 0.44 0.81 1.51 1.51 1.52 5.07 7.27 

 

Data on in vitro dry matter digestibility, NDF digestibility, dNDF and number of leaves above 
the ear of the whole maize plants are shown in Table 4. 

Dry matter digestibility ranged from 62.31 (ZP 790) to 69.37% (ZP 560). Genetic variation for 
in vitro digestibility of the whole plant has been reported in numerous studies using rumen 
fluid or enzimatyc solutions (Roussel et al., 2002). Neutral detergent fibre digestibility (NDFD) 
varied between 12.51 (ZP 790) and 29.22% (ZP 606), and dNDF ranged from 5.39 (ZP 677) 
to 14.38% (ZP 606). Results of IVDMD and NDFD are in accordance with studies previously 
conucted by Radosavljević et al. (2015; 2012). Average number of leaves above the ear 
ranged from 4.9 (ZP 360) to 6.7 (ZP 600). The hybrids used in this study can be regarded as 
non-leafy maize varieties that can produce a maximum of seven leaves above the top ear, 
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though most varieties are characterized by five to six leaves. In an attempt to enhance silage 
yield, leafy hybrids have been adapted to have an extra three to four leaves above the ear, 
and these are progressively smaller. Plants with leafy gene produce eight and more leaves 
above the ear and typically produce less grain; however they are not currently available with 
potentially valuable biotechnological traits (Hinen, 2006; Glenn, 2013). 
 
Table 4. In vitro dry matter digestibility NDF digestibility, dNDF and number of leaves above the ear of 
the whole maize 

Hybrid 
Dry matter 

digestibility (%) 
NDFD (%) dNDF (%) 

Number of leaves 
above the ear 

ZP 360 65.44 20.82 9.08 4.90 

ZP 560 69.37 26.17 10.86 6.10 

ZP 600 66.63 16.68 6.67 6.70 

ZP 606 65.17 29.22 14.38 6.40 

ZP 677 68.29 22.82 9.38 5.80 

ZP 685 64.65 13.49 5.52 6.10 

ZP 704 64.64 14.57 5.97 5.60 

ZP 789 63.36 17.32 7.68 6.10 

ZP 790 62.31 12.51 5.39 6.60 

Minimum 62.31 12.51 5.39 4.90 

Maximum 69.37 29.22 14.38 6.70 

Average 65.54 19.29 8.33 6.03 

SD 2.25 5.85 2.96 0.55 

 
Correlation coefficients between seperate lignocellulosic fibres were very significant. 
Moderately strong  positive correlation was determined between NDF and NDFD (r=0.55); 
ADF and NDFD (r=0.52) and between cellulose and NDFD (r=0.59). Strong positive 
correlation was calculated between NDFD and dry matter digestibility. Very strong negative 
correlation was noticed between ADL content and in vitro dry matter digestibility (r=-0.75); 
ADF content and whole plant dry matter content (r=-0.74) 

 
CONCLUSIONS 
 
According to the results obtained in this study, contents of the lignocellulose fibres varied in 
different ranges. Dry matter digestibility of the whole maize plant determined in the most 
optimal harvest stage ranged from 62.31 (ZP 790) to 69.37% (ZP 560).  Hybrid ZP 677 
showed the highest forage yield (76.2 t·ha-1), highest digestible dry matter yield (19.9 t·ha-1) 
and very high dry matter digestibility (68.29%). Hybrid ZP 560 had the highest in vitro dry 
matter digestibility (69.37%), and the highest NDFD (29.22%) was obtained by hybrid ZP 
606.  The lowest L/NDF ratio of 3.43 was calculated for hybrid ZP 560, which makes it very 
promising for silage production. 

All studied hybrids can be rated as high quality forage and can, therefore, be used for silage 
production intended for high energy and nutritive ruminant feed. 
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ABSTRACT  
 
Trueperella pyogenes (T. pyogenes), previously classified in the genera Corynebacterium, 
Actinomyces and Arcanobacterium, is a gram positive, immovable, non-sporulating, facultative 
anaerobic bacterium. It grows well on blood agar forming small colonies growing into the agar with 
beta hemolysis. In biochemical tests, it shows different reactivity as compared to similar 
microorganisms. 
The most significant virulence factor is pyolysin, a cholesterol-dependent cytolysin. The organism also 
possesses fimbriae, neuraminidase and a collagen-binding protein. Most strains are able to form 
biofilms, which are one of the possible explanations for chronic mastitis refractory to antimicrobial 
therapy. 
T. pyogenes is an opportunistic pathogen and can be found in the udder, urogenital and upper 
respiratory tracts of dairy cows, cattle and pigs, and is isolated from the cow’s rumen and the pig’s 
stomach. Infection is typically associated with previous injuries, infections and/or inflammatory 
processes. This allows bacterial spreading and consequential conditions such as abscesses, septic 
arthritis, osteomyelitis and pneumonia. 
This bacterium is a frequent cause of pyogenic infections in cattle, but also in many other animals. 
Economically, the most important diseases are those occurring in livestock affecting the milk yield and 
meat production. T. pyogenes is often described as one of the most significant causes of mastitits and 
metritis in cattle and dairy cows, and is also associated with decreased reproductive ability in these 
animals. Liver abscesses with necrosis are the "most expensive" outcome of this infection. 
Although unrecognised for a long time, this bacterium has the ability to cause disease in humans. 
Usually, such cases were results of occupational exposure of farmers. The possibility of transmission 
through milk and dairy products is prevented by thermal treatment. 
 
Keywords: Trueperella pyogenes, mastitis, milk 
 
INTRODUCTION 
 
Trueperella pyogenes (T. pyogenes) is a bacterium that has probably most often “switched” 
between multiple genera so far. Originally named Bacillus pyogenes, it was renamed to 
Corynebacterium pyogenes only 15 years later. During the next 60 years, it has been 
reclassified into genera Actinomyces and Arcanobacterium. In 2011, it became Trueperella 
pyogenes (Carneiro et al, 2016; Yassin et al., 2011; Suvajdžić, 2000). For a long period of 
time, this microorganism has remained unrecognized and underestimated as a cause of 
disease in animals, but also in humans (Suvajdžić and Suvajdžić, 2016). 
 
GENERAL PROPERTIES 

 
The bacterial growth on nutrient agar is minimal, thus, the cultivation is usually performed on 
a blood agar. Prior to the formation of visible colonies, hemolysis on the agar can be 
observed. After incubation for 2-3 days, small, non-pigmented, round, slightly convex 
colonies appear, with a β-hemolysis zone up to two or three times greater in diameter than 
the colonies themselves ("beta small") (Suvajdžić , 2000; Collins and Jones, 1982). Isolates 
of porcine origin are generally observed as more hemolytic (Jost and Billington, 2005). In 
some strains, on the fourth day of incubation, the formation of a milky white turbidity at the 
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top of the colonies can be seen or even the whole colony can become milky white (Suvajdžić 
and Suvajdžić, 2016; Suvajdžić, 2000). T. pyogenes is a facultative anaerobic bacterium. It 
has ubiquital distribution (Caffaro et al., 2014). The optimum growth temperature is 37° C, 
while tolerant growth temperature range is between 20 and 40° C (Collins and Jones, 1982).  
Gram staining of cultures grown on blood agar shows thin, irregular bacillary forms (0.2 x 2 
µm). The chains of coccoid forms that resemble streptococci can be observed; however, 
short, diphtherial forms are generally the most common. All forms are Gram positive, but can 
easily lose color. Microorganisms are non- motile, non- acid fast and do not form endospores 
(Suvajdžić, 2000; Collins and Jones, 1982). 

The identity of T. pyogenes can be confirmed using a double CAMP test. When diagnostic 
strains of Staphylococcus aureus and Rhodococcus equi are drawn perpendicularly (at 90°) 
to T. pyogenes, they create characteristic phenomenon. Bacteria exhibit synergistic 
hemolysis in a form of a spoon or a scoop with Rhodococcus equi, while antagonistic 
hemolysis with Staphylococcus aureus is lacking. In this way, differentiating T. pyogenes 
from similar microorganisms is easy, inexpensive and reliable (Suvajdžić and Suvajdžić, 
2016; Suvajdžić and Suvajdžić, 2014; Suvajdžić et al., 2001a; Suvajdžić, 2000; Suvajdžić et 
al., 1998). 

T. pyogenes is catalase negative (low catalase activitiy has been recorded in some cases), 
but it contains cytochromes. Oxidase reaction is negative. It converts glucose into acid, but 
not into gas. Also, it transforms the following carbohydrates to acid: cellobiose, galactose, 
fructose, lactose, levulose, maltose, mannose, dextrin, ribose, xylose, and starch, and 
sometimes glycerol, sucrose and trehalose. Very rarely, T. pyogenes produces acid from 
amygdalin, coniferin, dulcitol, inulin, raffinose or salicin. It hydrolyzes casein and gelatin. The 
microorganism is methyl red, indol and Voges-Proskauer negative and does not reduce 
nitrate nor hydrolyze esculin. It does not produce, urease nor H2S (Suvajdžić et al., 2001a; 
Suvajdžić, 2000; Suvajdžić et al., 1998; Collins and Jones, 1982). 
 
VIRULENCE AND PATHOGENICITY  

 

The bacterium has several virulence factors that are required for the microorganism's 
adherence to, colonization and destruction of host tissue. The diversity of these virulence 
factors is the most likely the reason why T. pyogenes is able to colonize tissues in numerous 
different hosts and cause a wide range of diseases. However, many aspects of pathogenesis 
still remain poorly understood (Jost and Billington, 2005). 

The most important virulence factor of T. pyogenes is a potent exotoxin called pyolysin, PLO. 
It is considered that 100% of the isolates are carriers of plo gene for this toxin (Hijazin et al., 
2011). PLO is a hemolysin responsible for the characteristic beta hemolysis. In addition to 
erythrocytes, PLO is cytolytic for certain types of cells, including polymorphonuclear 
leukocytes and macrophages. It is also dermonecrotic and, if applied intravenously or 
intraperitoneally, is lethal for laboratory animals. PLO belongs to a larger group of 
cholesterol-dependent cytolysins, CDC. These toxins exert their cytolytic effects on 
membranes of eukaryotic cells (Yan et al., 2016; Billington and Jost, 2005). PLO molecules 
get inserted in the lipid parts of the membrane (rich in cholesterol, sphingomyelin, 
sphingolipids and phospholipids) and create pores with a diameter of 30 nm, leading to 
osmotic lysis of the cells (Carneiro et al., 2016). One of the characteristics of the CDC group 
is also an ability to modulate the signals of host cells, such as the signals for expression of 
cytokines and other inflammatory substances, including prostaglandin E2 (Billington and 
Jost, 2005). 

In addition to the PLO, T. pyogenes possesses other virulence factors. The most important 
neuraminidases of T. pyogenes are nanH and nanP. These virulence factors allow 
colonization of the host (Carneiro et al., 2016). Removal of the sialic acid residues of the 
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carbohydrate or glycoprotein results in reduction of the mucus viscosity, and in exposure of 
receptors on the host cells. Also, they interfere with the host immune response, increasing 
the sensitivity of mucosal IgA antibodies to bacterial proteases (Jost and Billington, 2005). 
 
Collagen binding protein, CbpA, the protein on T. pyogenes cell surface, is responsible for 
the binding of bacteria to collagen, fibrinogen and fibronectin. While neuraminidases act on 
the surface of epithelial cells, collagen is not exposed in normal healthy tissue. Damage of 
tissues reveals deeper layers of collagen matrix. Compromising the integrity of these 
structures, CbpA enables deeper penetration of T. pyogenes into tissue (Bicalho et al., 2012; 
Milanov et al., 2011; Jost and Billington, 2005). 

Although the production of fimbriae is characteristic for Gram-negative bacteria, there are 
only a few Gram-positive microorganisms which have this trait. These include Actinomyces 
spp., some oral streptococci, Corynebacterium spp. and T. pyogenes. Although it has this 
capability, T. pyogenes poorly produces fimbriae in standard growth conditions. The 
assumption is that the fimbriae have a role in the adherence to the host, potentially through 
binding to fibronectin (Jost and Billington, 2005). The most important fimbria which stands 
out is FimA (Bicalho et al., 2012), and recently, the importance of FimC i FimE in the 
pathogenesis of endometritis in cows has been pointed out (Bisinotto et al., 2016). 

T. pyogenes also secretes other extracellular proteins that may be associated with the 
virulence: gelatinase and caseinase (playing a role in the invasion and destruction of tissue, 
avoiding the host defense system and modulating the host immune system during infection 
and inflammation), DNase (depolymerization of highly viscous DNA that is released from 
lysed host cells in inflammatory lesions) (Jost and Billington, 2005) and others. 

T. pyogenes can produce biofilms. There is an assumption that the formation of biofilms 
plays an important role in the chronic form of cow's mastitis, which is often refractory to 
antimicrobial therapy (Milanov et al., 2011). Biofilm producing strains were also isolated as 
causative agents in intrauterine diseases (Kasimanickam et al., 2016). 
 
ECOLOGY, PATHOGENESIS AND PATHOLOGY 

 
T. pyogenes often resides in the mucous membranes of animals and it is routinely isolated 
from up to 100% swabs from the udder, tonsils, retropharyngeal lymph nodes, urogenital and 
upper respiratory tracts of healthy animals. The bacterium is also often found in cow's rumen 
and can be isolated from pig's stomach (Milanov et al., 2011). 

As mentioned above, for the invasion of tissue by T. pyogenes, the initial tissue damage is 
usually needed. It is most often caused by bacterial or viral infections, inflammatory 
processes, and/or mechanical trauma. Bacteria that are commonly known as isolates in co-
infections include Escherichia coli, Fusobacterium necrophorum, Bacteroides spp. and 
Prevotella spp. Escherichia coli is considered the first intrauterine bacterium that colonizes 
dairy cows, further leading to colonization by strict anaerobes (Bicalho et al., 2012; Azawi, 
2008). These microorganisms have the ability to secrete various toxins, such as hemolysins, 
hemagglutinins, proteases, DNases, and others that contribute to tissue destruction, thereby 
allowing colonization by T. pyogenes (Azawi, 2008). T. pyogenes is considered an 
extracellular pathogen. However, the bacterium can also penetrate the epithelial cells and 
survive in them for up to 72 h, although the number of bacteria in this period is reduced, 
indicating that T. pyogenes does not replicate inside cells (Jost and Billington, 2005). 
Although PLO can cause cytolysis of epithelial cells, monocytes, neutrophils, lymphocytes 
and others, the most sensitive to PLO are endometrial stromal cells. This is explained by the 
fact that these cells are extremely rich in cholesterol, which is a substrate for the PLO. With 
the loss of epithelium, T. pyogenes becomes a pathogen (Carneiro et al., 2016). 
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Binding of fibrinogen can contribute to T. pyogenes adhesion and colonization. This also 
leads to an increase in phagocytosis by cow's polymorphonuclear leukocytes. However, as 
T. pyogenes can survive within these cells, increased phagocytosis must not be dangerous 
for the bacteria and it can even contribute to its dissemination in the body (Jost and 
Billington, 2005). 

Although infection caused by T. pyogenes can be local, it can also be metastatic and 
generalized. Dissemination may occur per continuitatem and hematogenously (Suvajdžić 
and Suvajdžić, 2016). Exposure and adhesion to collagen may indicate an increased 
pathogenic potential, as it would be in an invasion of T. pyogenes deeper into the tissue and 
its hematogenous spreading, as it happens in cow's liver abscesses, septic arthritides and 
osteomyelitides (Jost and Billington, 2005). 

So far, a strict and direct relationship between virulence factors and pathoanatomic lesions 
has not been found. Previously examined virulence factors are not significant determinants of 
localization and type of infection caused by T. pyogenes (Rzewuska et al., 2012). 

It aforementioned, T. pyogenes can cause a range of diseases of tissues and organs in 
various animals. There has been a wide variety of conditions that include: abscesses of the 
liver and kidney in cattle, cow's endocarditis, acute and chronic purulent mastitis in cows, 
sheep and goats; abortion, vesiculitis and puerperal endometritis in cows; suppurative 
pneumonia of cattle and pigs, septic arthritis in pigs, umbilical infection and osteomyelitis in 
turkeys (Milanov et al., 2011), prostatitis, orchitis and seminal vesiculitis in bulls, rams, goats; 
encephalitis in dogs and buffalo (Ribeiro et al., 2015), urinary tract infection of calves 
(Yeruham et al., 2004), cranial abscesses in deer (Belser et al., 2015) and numerous other 
entities. 

In our laboratories, this bacterium has been isolated from inflammatory lung lesions of pigs 
and cattle, samples of uterine mucus in cows with endometritis and from milk of cows with 
clinical mastitis (Suvajdžić et al., 2001b; Suvajdžić, 2000; Suvajdžić et al., 1998; Suvajdžić et 
al., 1996; Suvajdžić, 1995; Suvajdžić and Jovičin, 1995). 
 
ECONOMIC IMPORTANCE  

 
Economically, the most important diseases caused by T. pyogenes are those occurring in 
milk and meat yielding animals. Cattle are the most frequently affected, but also goats, sheep 
and pigs (Jost and Billington, 2005). 

Endometritis in the postpartum period is one of the most common disorders that occur in 
dairy cows. Infections in this period are frequent due to the damage of anatomical barriers 
and changes in the microflora (Peter et al., 2015). The presence of T. pyogenes in the smear 
is considered to be a risk factor for the development of clinical endometritis (Madoz et al., 
2014). However, this microorganism per se is not a determining factor in the development of 
the disease. Intrinsic factors in a host, synergistic effects of T. pyogenes and other 
microorganisms, as well as the expression of various virulence factors have a role in the 
development of infection (Silva et al., 2008). 

The presence of T. pyogenes is usually observed 3 weeks postpartum (LeBlanc, 2008), and 
during this period, vaginal discharge attains purulent character (Bicalho et al., 2016; LeBlanc, 
2008). Vaginoscopic examination reveals uterine inflammation, and endometrial biopsy has 
an increased inflammatory score (LeBlanc, 2008). This is explained by endometrial secretion 
of proinflammatory cytokines, chemokines, and factors that may cause luteolysis of corpus 
lutea (Lima et al., 2014), due to the secretion of endogenous prostaglandin PGF2α (Kaneko et 
al., 2013). In these cows, the length of pregnancy is extended up to 56 days more than in 
cows in which T. pyogenes could not be found (Bicalho et al., 2016; Werner et al., 2012). 
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In 1972, Hinton provides a comprehensive review of the literature encompassing 
approximately 70 references and a proposal of diagnostic criteria: beta hemolysis, cultural 
and tinctorial properties, catalase-negativity and liquefaction of gelatin or coagulated serum. 
In conclusion, it is stated that there is no doubt that T. pyogenes is primary cause of abortion 
in cattle, although this may not be so frequent as statistics show, since part of the isolates 
represents a secondary infection. It is assumed that the infection probably does not occur 
during mating; the ascending infection is possible, but it is the most likely that it is spread by 
haemotogenus path. Placentitis is developed but fetal infection is not mandatory. Abortion 
can lead to the death of a cow or the need for compulsory slaughter (Hinton, 1972). 
Discussions about the role of T. pyogenes in reproductive tract infections have been 
completed and its importance was confirmed in experiments (Semambo et al., 1991). 

Liver abscess is one of the most severe outcomes of T. pyogenes infection. Compromising 
the structures, the bacteria enter the liver through the bloodstream and portal vein. Primary 
necrotic foci eventually get a thick fibrous capsule with greenish purulent content (Benavides 
et al., 2015). 

Respiratory tract infections were not common object of research, but there are few reports on 
the isolation of T. pyogenes from upper and lower parts of the respiratory system of different 
animal species. Examples of chronic pneumonia in swine were described by Suvajdžić 
(2000), Høie et al. (1991), and Higgins et al. (1990) and isolation from the respiratory tract of 
cattle were reported by Suvajdžić (2000), Leifsson et al. (1995), Morck et al. (1993) and 
Haritani et al. (1990). In 1993, Robinson et al. (1993) reported the finding of T. pyogenes in 
the lungs of a fillies and in 1994, Queen et al. (1994) in upper parts of the respiratory system 
of sheep. 

T. pyogenes is not a very common cause of mastitis, but it is of great importance in view of 
severity of the disease as well as of therapeutic (im)possibilities. It is a much more common 
causative agent of the so-called summer mastitis. From clinical aspect, summer mastitis in 
cattle can be defined as suppurative mastitis that occurs in dried cows and heifers mainly 
during the summer months, although it can occasionally occur in calves and cows dried 
during other months. Although summer mastitis is known as T. pyogenes mastitis, it should 
be noted that the isolation of T. pyogenes is not sufficient proof that it is the etiological agent 
of summer mastitis. Adequate isolation procedures applied since the early 70s to the late 80s 
have provided insight into the significant participation of Peptostreptococcus indolicus, 
microaerophilic cocci, Streptococcus dysgalactiae, Bacteroides melaninogenicus and 
Fusobacterium necrophorum (Madsen, 1989). The same author and his associates 
examined 166 samples of secretions and obtained monocultures of T. pyogenes in only 7% 
of cases, while it was co-isolated in 72% of cases. 

Although Jorgensen reported on symbiotic participation of microaerophilic cocci as early as 
1937, up to 1950s, summer mastitis was equated with isolation of T. pyogenes (Madsen et 
al., 1990). Madsen, Moregen and co-workers observed that seasonal character of the 
disease clearly correlated in time and space with the appearance of sinbovine insects such 
as Hydrotaea irritans. It was also observed that there is a difference between summer 
mastitis pathogen isolation and clinical forms of the disease, suggesting the influence of 
other factors on the occurrence and development of clinically manifested disease. 

In clinical cases of mastitis, the secretion from glands becomes watery, serous, purulent, 
bloody or with clots (Zastempowska and Lassa, 2012), the gland is swollen, hard and painful, 
and signs of systemic disease can be present. Cows with subacute or chronic infections 
have no systemic manifestations of the disease, but the mammary gland is very swollen and 
hard, and discharge has consistency like toothpaste and it is purulent and malodorous. The 
course of the disease is rapid and progressive with the formation of abscesses and 
destruction of tissue of the udder. Secretory function of infected parts is typically lost. Without 
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proper treatment, the disease results in fever, septicemia, edema of back legs, abortion or 
perinatal mortality (Milanov et al., 2011). 

Quite often, causative agents of mastitis remain unidentified 25 - 50% of milk samples 
demonstrate no increase of bacterial colonies on appropriate substrates for their detection. In 
such cases, prolonged incubation and application of double CAMP test or molecular 
identification methods such as real-time PCR are needed (Bexiga et al., 2011; Taponen et 
al., 2009). Tests have shown that in milk samples contaminated with T. pyogenes the 
number of lactobacilli is reduced (Qiao et al., 2015), while the number of somatic cells is 
increased (Bi et al., 2016). 

However, it is expected that losses in milk production will vary depending on the causative 
pathogen. It is necessary to determine the identity of the pathogen, in order to apply 
adequate therapy and make decisions about further treatment of animals (Hertl et al., 2014). 

 
HUMAN INFECTIONS 

 
Unlike in animals, where T. pyogenes is considered as part of the normal microflora, the 
bacterium is considered pathogenic for humans. Bearing in mind that there is a relatively 
small number of reliable reports that have been published, it must be assumed that the 
infection is often unrecognized or incorrectly diagnosed (Gahrn-Hansen and Frederiksen, 
1992). These infections are often the result of occupational exposure of farmers (Jost and 
Billington, 2005). 

The first case of human infection was recorded in 1940 and since then, it has been 
demonstrated that it can cause suppuration of superficial and deep, hard and soft tissues, 
including almost all organ systems, organs and tissues (Gahrn-Hansen and Frederiksen, 
1992). It causes pharyngitis (Middleton, 1996), wound infections (Wüst et al., 1993) 
septicemia, empyema, pneumonia, ulcerative vulvovaginitis, endocarditis, meningitis, septic 
arthritis, skin ulcers (Gahrn-Hansen and Frederiksen, 1992), abscesses, intra-abdominal 
infections, cystitis and mastoiditis (Coyle and Lipsky, 1990). Same as in animals, the 
organism is commonly isolated in a mixed culture (with other pathogens causing suppuration 
and gram negative anaerobes) and infection is preceded by mechanical injury or 
compromised immune status (e.g. diabetes or cancer). What causes suspicion that these 
were infections caused precisely by T. pyogenes is scarcley performed diagnostics (Gahrn-
Hansen and Frederiksen, 1992), as well as the fact that the related species Arcanobacteruim 
haemolyticum was sometimes called Corynebacterium pyogenes var. hominis, so it is 
possible that this was that microorganism (Suvajdžić and Suvajdžić, 2016; Barksdale et al., 
1957). 
 
TREATMENT AND CONTROL 
 
T. pyogenens is sensitive to drying, temperatures over 60°C in the duration of 15 minutes, 
disinfectants and beta-lactams, while it is resistant to sulfonamides. Treatment usually does 
not give satisfying results, but things are further complicated when it comes to mixed 
infections with anaerobes. In cases where this is possible, it is necessary to surgically 
remove the pathological process (Milanov et al., 2011). Incision and drainage are 
recommended in all types of abscesses (Biberstein and Zee, 1990).  
Antibiotics often do not provide satisfactory results in vivo due to insufficient concentrations 
(Biberstein and Zee, 1990). Penetration of antibiotics is difficult due to the accumulation of 
pus and cellular debris or due to the formation of fibrous capsules. Another big therapeutic 
problem is high resistance of isolates- in a study performed by Santos et al. (2011) the 
resistance to antibiotics ranged between 50 and 100%, one third of the isolates were 
characterized as multiresistant, and a few isolates showed resistance to as many as 8 out of 
9 tested antibiotics! 
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CONCLUSIONS 
 
T. pyogenes relatively rarely causes diseases in animals and humans. However, due to its 
lack of selectivity for tissues and organs as well as the severity of the conditions that it can 
cause, it is necessary to detect and identify this microorganism in order to provide adequate 
and effective prevention and treatment and minimize economic damage. 
 As there is neither selectivity for host nor tropism for the tissues, it is capable of causing 
illness in all species of mammals, including human, and some birds. Given the severity of the 
disease, which can cause large economic losses in farm breeding, it is necessary to 
determine and confirm the true identity of the micro-organism, in order to provide successful 
prevention and treatment, because there is no rational therapy without etiological diagnosis. 

Bearing in mind its ubiquital distribution, possibility of survival in moist detritus and farm litter, 
frequent isolation form cow's rumen and pig's stomach, we are of the opinion that T. 
pyogenes can be transferred via animal feed. Diagnostics of this microorganism requires 
extended incubationon blood agar plates until colonies formation, and it is possible to 
determine the identity of species using double CAMP test, which is simple, inexpensive and 
easily available method, especially compared with PCR and other molecular diagnostic 
methods. 

Thus, we suggest that mandatory exclusion of this bacterium in animal feed should be 
considered. The survival rate in feed was not reported in presently available literature; 
however, having in mind significant diagnostics omissions and economical damages it can 
cause, we are of the opinion that animal feed should be tested for its presence before 
product placement on the market. 
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ABSTRACT 
 
Gentamycin (GEN) is an amnoglycoside antibiotic which is widely used in clinical practice in human 
medicine and less frequently in veterinary practice. Their mode of action relies on the interference with 
the A site of the 16S rRNA at the codon-anticodon recognition site. Subsequently bacteria develop a 
resistance mechanism utilizing enzymatic inactivation of the drug. The second but not so abundant 
mechanism of resistance is methylation of the tRNA. The aac(3)-II and aac(3)-IV genes encoding 
aminoglycoside acetyltransferase enzymes are most frequently involved in resistance development in 
isolates of Escherichia  coli  from food producing animals. This type of resistance was selected after 
gentamicin was approved for the therapy in animals. Multidrug resistant bacteria (MDR) which are 
pathogenic or commensals, may become resistant to gentamicin. Mobile genetic elements such as 
integrons and conjugative plasmids contribute to the dissemination of GEN resistance even in 
circumstances of infrequent use of GEN in the livestock industry. The resistance to GEN is detected in 
pigs but also in poultry flocks. In cattle, the trend of resistance to GEN is declining in developed 
countries. In this work the occurrence of resistance to GEN in food procuring animals is outlined as 
well as the need of prudent use of antibiotics, especially those which are used in human medicine.  
 
Keywords: gentamicin, resistance, Escherichia coli, pigs, cattle, poultry  

 
INTRODUCTION 
 
Aminoglycosides are bactericidal antibiotics which have been used for a long time in 
treatment of infections caused by Gram negative bacteria both in humans and animals. The 
oldest antibiotic from the aminoglycoside generation is streptomycin. This antibiotic was 
discovered by biochemist and microbiologist Selman Waksman who was awarded the Nobel 
Prize in 1952 for discovering streptomycin which was thereafter used for the therapy of 
tuberculosis. A number of antibiotics from the aminoglycoside family has been licensed and 
marketed over the years and gentamicin is just one of many from this large group. It was 
discovered in 1963 as a product of the bacteria Micromonospora purpurea. Gentamicin is 
effective against Salmonella spp, Enterobacter aerogenes, Escherichia coli, Klebisella spp, 
Neisseria spp, Proteus spp, Pasteurella multocida, Pseudomonas aeruginosa, , Serratia 
marcescens, Shigella, Staphylococcus spp and some Streptococcus spp. The therapy with 
gentamicin in food producing animals is restricted for the following reasons: the risk of 
toxicity, the importance in human medicine, the impairment of the efficacy of antibiotic due to 
resistance development.  

Gentamicin is prescribed as an intrauterine infusion for horses, as an oral solution for 
treatment of enteritis in piglets, as a powder for oral solution for pigs and for intramuscular, 
intravenous or subcutaneous application for treatment of infections in dogs and cats. The 
extra label use of gentamicin as an intravenous dose in calves or intramuscular injection in 
cattle is possible but only for the treatment of susceptible bacterial infections (The United 
States Pharmacopeia, 2007). Gentamicin could be used also for the prevention of the early 
mortality of day old chickens or turkey poults infected with E. coli (Vernimb et al., 1976).    
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The mode of action for aminoglycoside antibiotics, particularly the gentamycin, relays on the 
interference of the antibiotic with the A site of the 16S rRNA at the codon-anticodon 
recognition site during translation. As a consequence, the translational process is hampered 
and the antibiotic manifests a bactericidal effect (Kotra et al., 2000). The resistance to 
aminoglycoside is accomplished in most cases by the enzymatic inactivation of the drug. 
Methylaton of the 16S rRNA is also an important mechanism of resistance but it is not that 
abundant, like structural modification. Three classes of bacterial enzymes i.e. 
aminoglycoside phosphotransferases (APH), aminoglycoside nucleotidiltransferases (ANT) 
and aminoglycoside acetylitransferase (ACC) are mediating the resistance to 
aminoglycosides. There are several variants from each class of enzymes depending on the 
site of the drug modification in the antibiotic molecule. The bacterial enzymes also have 
different substrate specificity and they target different aminoglycoside antibiotics. When 
modified by the enzyme, these antibiotics do not bind to the ribosomal RNA and become 
inactive (Kotra et al., 2000). The gentamicin resistance genes are often found on conjugal 
plasmids which facilitate transfer of the resistance genes in the environment (Wray et al., 
1986, Jakobsen et al., 2008). 

Resistance to gentamicin in pigs and cattle 

 In clinical practice and veterinary medicine, the resistance to the gentamicin antibiotic has 
been increasing since it was approved for therapy. The resistance rate to gentamicin is 
higher in pigs than in cattle or calves and it is often found in multi drug resistant E. coli. In 
porcine, this type of resistance was associated with the diseased pigs, from herds where the 
K88 serotype was identified. Resistance to apramycin, gentamicin and tobramycin was 
transferable to the plasmid free recipient E. coli K-12 strain. The aac(3)-IV gene was 
detected in all isolates which were coresistant to gentamicin and apramycin (Wray et al., 
1986). The resistance to antimicrobial drugs is in line with the age group of animals from the 
swine farms. However, in young pigs (seven days old) which were infected with the E. coli 
resistant to gentamicin, neomycin and tetracycline antibiotics, the rate of the resistance was 
comparable to the older groups of animals. Presumably such trends in resistance are 
associated with the therapy of piglets and infections of young animals with the pathogenic 
bacteria (Mathew et al., 1999). Hence, the age group is important when evaluating resistance 
patterns in commensal and pathogenic bacteria in food producing animals (Deng et al., 
2015). Resistance to antimicrobial agents was estimated in pigs, cattle and sheep in Great 
Britain. The samples were taken from the abattoirs in 1999. The resistance to antimicrobial 
drugs including gentamicin was much higher in pigs comparing to cattle and sheep. Overall 
92.1% of the isolates from pigs were resistant to at least one antimicrobial agent. The most 
frequent resistance was to tetracycline, sulphonamide and streptomycin (Enne et al., 2008). 
Cross resistance apramycin/gentamicin was correlated with the approval of apramycin use 
for pigs in Denmark in 1998. Two years after approval, resistance to apramycin was detected 
in 2.9% of clinical isolates and has shown the tendency of increase in the years 2003 and 
2004. The resistance trends were similar in pathogenic and commensal E. coli. Nursery pigs 
and pigs post weaning were treated with aminoglycoside antibiotics more frequently and the 
resistance rate was higher comparing to the commensal E. coli from pigs at slaughter 
(Jensen et al., 2006).   

The aminoglycoside acetylitransferase gene aac(3)-IV was detected in 96% of gentamicin 
resistant isolates of E. coli from healthy and diarrheic pigs in Ontario. The apramycin 
resistant gene (aac(3)-IV) also conferring resistance to gentamicin and tobramycin is found in 
human isolates and the possibility of the animal origin could not be ruled out. Also the aac(3)-
IV gene was more frequent in the enterotoxigenic E. coli comparing to isolates from other 
pigs (Boerlin et al., 2005). The first evidence of resistance to gentamicin in food producing 
animals in the USA dated from 1980 and in 2002 had reached 40%. Common resistance 
phenotype was to streptomycin, sulphonamide and tetracycline in cattle, poultry and pigs in 
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the US (Tadesse et al., 2012). The resistance to antimicrobial agents in enterotoxigenic E. 
coli isolated from pigs in Quebec, Canada (in the laboratory of the Veterinary Faculty) for the 
period 1978-2000 was studied in detail. The resistance rate to older antibiotics such as 
tetracycline and sulphonamides was as high as 93 and 91% respectively. Resistance to 
gentamicin was detected in 14% of the isolates. The aph(3’)-Ia and aph(3’)-IIa genes 
encoding resistance to kanamycin and neomycin were detected in isolates during the 1978-
1984 period and thereafter. The aac(3)-IV gene was found among gentamicin resistant E. 
coli. One isolate was positive in the years 1990-1994 and during the period 1995-2000, 
eleven isolates were also harboring the gentamicin resistant gene aac(3)-IV (Maynard et al., 
2003).    

In 1986 an emergency of aminoglycoside 3-N-acetiltransferase IV was determined in 
Salmonella Typhimurium and E. coli isolated from feedlot calves during an outbreak of 
Salmonella in France. Careful use of gentamicin and apramycin in cattle and pig herds has 
been suggested because of the increasing resistance rate for aminoglycoside antibiotics 
including gentamicin (Chaslus-Dancla et al., 1986). The ant(2``)-Ia was the most prevalent 
gene encoding resistance to gentamicin, kanamycin and tobramycin in E. coli from cattle or 
pigs in Denmark. The aac(3)-IIa gene was most frequently found in pig isolates and two 
isolates from cattle, while aac(3)-IV gene was only prevalent in isolates from pigs. Since 
aminoglycoside antibiotics are not frequently used in human medicine and livestock industry 
in Denmark, the existence of the resistant genes could be attributed to their mobility inside 
integrons or plasmids and through their coselection with other antibiotics (Sandvang and 
Aarestrup, 2000). A cohort of calves was investigated for the resistance to aminoglycosides 
in animals that were not treated with these antibiotics. The aac(3)-IV resistance gene was 
detected from transferable plasmids which were different in size. The host E. coli was 
distinguishable in the pulse field gel electrophoresis and it was evident that coselection with 
tetracycline and streptomycin antibiotics, probably accounted for the resistance to apramycin 
as well. It was postulated that the spread of resistance plasmids in the absence of selective 
pressure by the target antibiotic could be also related to the use of disinfectants or feed 
supplements on a farm (Yates et al., 2004). In most of the cases, multidrug resistance, 
including resistance to gentamicin, which was commonly detected in healthy (Donaldson et 
al., 2006) and diarrheic calves (Hariharan et al., 2004), was associated with the prophylactic 
and therapeutic use of antibiotics (Chantziaras et al., 2014). The European survey for the 
period of 2002 to 2004 has established resistance to gentamicin in cattle from Belgium, 
France, Italy and Spain at the rate of: 53.3%, 21.6%, 12% and 14% respectively. In 
Denmark, resistance to gentamicin was 1% while in England, Latvia, Sweden and 
Switzerland resistance to gentamicin in E. coli isolates from cattle was not found (Hendriksen 
et al., 2008). The study conducted in Germany included E.coli isolates from 1999 to 2001 
and the resistance to gentamicin was < 2% in food producing animals. The aac(3) -IV gene 
was identified in isolates from cattle, swine and poultry (one isolate each), (Guerra et al., 
2003). In two isolates of Shiga toxin producing E. coli serotype O11 from Germany, the 
aac(3) IV gene and aac(3)-II gene were found. These isolates are from the years 1993 and 
1998 (Guerra et al., 2006).  

The European Food Safety Authority Journal has released data about antimicrobial 
resistance for commensal and pathogenic bacteria in food producing animals and the MIC 
testing applying harmonized ECOFFs.  The resistance to gentamicin among indicator E. coli 
in pigs was 2% in Austria, Belgum, Denmark, France and Hungary while 1% resistance was 
established in Finland, 0.7% in The Netherlands, 1.1% in Poland, 4.1% in Spain, 2.5% in 
United Kingdom and 2.2% in Switzerland. The resistance in cattle to gentamicin was 0% in 
Denmark and Sweden, 0.3% in Austria, 0.6% in Poland, 0.9% in The Netherlands, 1.3% in 
Germany, 2.0% in Hungary, 3.4% in Switzerland, 3.5% in Spain and 7.4% in Belgium. The 
occurrence of resistance was higher in pigs comparing to cattle and calves and fewer E.coli 
isolates were multidrug resistant in cattle comparing to pigs. The frequency of resistance in 
E. coli isolates from fattening pigs for >6 antibiotics was found in Austria, Denmark, France, 
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Hungary, Switzerland and Spain. In Finland, Denmark and Switzerland >40% of E. coli 
isolates was susceptible to antibiotics. Resistance to >6 antibiotics for the indicator E. coli in 
cattle was recorded in Austria, Belgium, Germany, Hungary and Spain (EFSA Journal, 
2015). 
 

Resistance to gentamicin in poultry and turkey 

 
Resistance to gentamicin was evaluated from food producing animals in Poland as a part of 
their Antimicrobial resistance monitoring system. In the year 2012 resistance to gentamicin 
was detected at the rate of 2.6% in cattle, 2.6% in pigs, 3.3% in turkeys, 2.5% in layers and 
8.2% in broilers (Wasyl et al., 2013). A very high rate (>60%) of resistance to gentamicin was 
found in clinical E. coli isolates from chickens that died of colibaciolsis in North China. The 
resistance was also high for kanamycin, streptomycin, amikacin and neomycin antibiotics 
and the lowest rate of resistance was for specitnomycin. The prevalence of aminoglycoside 
resistance genes was 10.24% for aph(3’)-IIa, 25.85% for the aac(6’)-Ib, 36.10%  for the 
aac(3’)-IIa gene, while the highest number of the resistance gene (up to 40%) was detected 
for ant(3’’)-Ia.  

High resistance rate to aminoglycoside antibiotics is correlated with the frequent use of these 
antibiotics in treatment of colibacillosis in China (Zhang et al., 2012). Samples of organs from 
chickens with colibacillosis and samples of feces from healthy chickens were taken for E. coli 
isolation and their antimicrobial resistance patterns determination in the Assiut Province, 
Egypt. From a total of 25 isolates, the resistance to gentamicin was confirmed in 100% of the 
isolates. A one hundred percent resistance rate was established also for enrofloxacin, 
perfloxacin, and amoxicillin. The lowest rate of resistance (56%) was detected for colistin 
sulphate (Mohamed et al., 2014). Samples of parenchymatous organs from septicemic 
poultry were also collected from industrial poultry farms in Shahrekord Province, Iran for the 
purpose of establishing antimicrobial resistance in E. coli. Multiple resistances were found in 
100% of the isolates while resistance to gentamicin was 5.66%. The highest rate of 
resistance was against Tylosin (88.68%) and Erythromycin (71.70%) due to their frequent 
use in the treatment of Mycolasma infections (Talebiyan et al., 2014). Antimicrobial 
resistance patterns were also tested in three provinces in Vietnam, by applying the booth-
swab technique.  

The small poultry farms and backyard flocks, included in the study were of the meat or layer 
type, or both. A total of 81.3% of E. coli isolates were determined as multidrug resistant. The 
resistance to gentamicin was found in 98.2% of the farms. The risk assessment analysis has 
shown several important points. The practice of therapy with lincosamide and tetracycline 
was associated with resistance to gentamicin, changing boots or shoes was also an 
important factor for resistance development as well as whether day old chickens were 
purchased from an industrial sector or locally. Raising meat type of chickens or mix type of 
chickens was also associated with the frequent occurrence of resistance to gentamicin. Next, 
the increase of chicken density and use of commercial feed had an influence on multidrug 
resistant phenotype, including the number of years of practice in poultry business by farmers 
(Nguyen et al., 2015) 

 

CONCLUSIONS 
 
Resistance to gentamicin in isolates of E. coli from food producing animals fluctuates from a 
very high, to a quite low level. Such type of resistance is more frequent in developing 
countries and it depends on management practice in the livestock industry. It is important to 
note that all antibiotics that are used in human medicine should be avoided for the treatment 
of animals. If it is necessary to use such antibiotics, it is advisable to include gentamicin only 
for the susceptible bacteria. Resistance gene detection presents an important 
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epidemiological parameter and reflects the use of antibiotics in clinical practice or in 
prevention strategies. 
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ABSTRACT 
 
Animal feed could be a carrier of a wide range of microbial contaminants (bacteria, moulds, yeasts) 
which can cause adverse effect on animal performance and compromise the safety of animal 
products. Different procedures for elimination or reducing Salmonella spp. and other microbial 
contaminants in feed mills are available, e.g. implementation of heat treatment or use of organic acids 
and other chemical preservatives. The aim of this research was to evaluate the effectiveness of 
thermal and chemical treatment of a selected feed mill (SFM). 
To evaluate the effectiveness of hydro-thermal treatment (HTT) that is in use in the SFM, the samples 
of the processed mixture were taken before and after HTT. For the evaluation of effectiveness of 
commercial chemical decontaminant, swabs were taken in different points of production line, before 
and after the treatment with the decontaminant.  
According to obtained results it can be concluded that HTT (conditioner and hygienizer) was effective 
in reduction of total viable count (TVC) and Enterobacteriaceae (EB). Also, this treatment was 
effective for elimination of Salmonella spp. and E. coli. Increasing in TVC and EB count in the 
transporting elements between conditioner/hygienizer and pellet press suggests that periodical 
chemical treatment of the production line is necessary. 
Application of commercial decontaminant was very effective for reduction of TVC and EB in all 
sampling points, and was also effective for elimination of Salmonella spp. and Clostridium spp. in the 
sampling points where these pathogen bacteria were detected before the treatment. 

 
Keywords: feed, decontamination, Salmonella, Enterobacteriaceae 

 
 

INTRODUCTION 
 
Animal feed could be a carrier of a wide range of microbial contaminants (bacteria, moulds, 
yeasts) which can cause adverse effect on animal performance and compromise the safety 
of animal products (Maciorowski et al., 2006). The Panel on Biological Hazards of European 
Food Safety Authority (EFSA) identified Salmonella spp. as the major hazard for microbial 
contamination of animal feed while Listeria monocytogenes, Escherichia coli O157:H7 and 
Clostridium spp. were also pointed out as important contaminants of animal feed (EFSA, 
2008). 

Microbiological contamination of feed ingredients can occur at feed mills, in transportation 
vehicles, or during storage of feed (Kidd et al., 2002). Additionally, pathogenic 
microorganisms may multiply during inadequate storage (Israelsen et al., 1996). Different 
procedures for elimination or reducing Salmonella spp. and other microbial contaminants are 
available, e.g. implementation of heat treatment or use of organic acids and other chemical 
preservatives (Sauli et al., 2005). 

Thermal processing (conditioning, hygienizing, pelleting, extrusion, expansion) is an efficient 
method for reduction of microbial contaminants in feed, while the reduction rate depends of 
temperature, treatment time, and moisture content (Maciorowski et al., 2004). The other 
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mode for decontamination of feed is using of organic acids. Their effect depends of storage 
time, temperature and moisture (van Immerseel et al., 2006). Jones and Ricke (1994) 
suggested cleaning of the processing line with a neutral feed, such as corn containing 
organic acids. The aim of our research was to evaluate the effectiveness of thermal and 
chemical treatment of a selected feed mill (SFM). 
 

MATERIAL AND METHODS 
 
Criteria for selection of feed mill for this research were that the mill performs hydro-thermal 
treatment (HTT) in its production process and that it applies some type of periodical 
microbiological decontamination of the production line using a chemical decontaminant.  

A feed mill that was selected performs HTT that consists of short-term conditioning of 
compound feed (80°C, approx. 15 s), which is followed by long-term conditioning, i.e. 
hygienization (80°C, 120 s). This is followed by pelleting of the prepared mixture. 

For microbiological decontamination of the production line, SFM uses commercial 
preparation of synergistic blend of free organic acids which is mixed in a defined ratio with 
some carrier (usually milled corn), poured at the beginning of production line and transported 
through the line. When this disinfectant mixture reaches all transporters and machines, the 
production line is stopped and left for 48 hours. This procedure is repeated periodically, i.e. 
once per month. 

Microbiological quality of feed samples taken before and after HTT was monitored by 
enumeration of total viable count (ISO 4833-1:2013), Enterobacteriaceae (ISO 21528-
2:2004), beta-glucuronidase-positive E. coli (ISO 16649-2: 2001) and Clostridium perfringens 
(EN ISO 7937:2004). Detection of Salmonella spp. was carried out according to ISO 
6579:2002 . 

To evaluate the effectiveness of chemical decontaminant, swabs were taken from the interior 
surface of the equipment, at selected points of the production line, before and after the 
treatment according to the ISO 18593:2004. For each swab sample, sampling surface was 
10 cm2. Swab samples were kept at 4°C prior to analyze in the laboratory, where they were 
processed and tested for total viable count (TVC), Enterobacteriaceae (EB), beta-
glucuronidase-positive E. coli, C. perfringens and Salmonella spp. 
 

RESULTS AND DISCUSSION 
 
Heat treatments have traditionally been considered as simplest and the most cost effective 
method of decontaminating feed (Williams, 1981). To evaluate the effectiveness of HTT that 
is in use in the SFM, the samples of the processed mixture were taken before HTT (in the 
mixer and in front of the conditioner), and after HTT (at the exit of hygienizer, in front of pellet 
press and after pellet press). TVC increased during transportation of mixture from mixer to 
conditioner (Table 1), which is probably due to material that remains in some parts of 
transporting equipment where microbiological contamination is increased. This material 
causes contamination of transported material. As it can be seen, HTT caused strong 
reduction of TVC, but it was again strongly increased during transporting the material to the 
pellet press. This can be attributed to favorable conditions for bacteria multiplication in 
certain parts of transporting equipment, where moisture and temperature are increased as a 
result of transport of warm and moist material. Certain quantities of material that remains in 
those regions are probably highly contaminated and caused contamination of material that 
was transported to the pellet press. Pelleting process decreased again TVC in the mixture. 
Similar trend of results was obtained for EB count. The most contaminated samples, i.e. 
samples taken in front of conditioner, were positive to Salmonella spp. and E. coli, but HTT 
eliminated these pathogen bacteria. Many studies have demonstrated the potential of heat to  
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reduce microbial contamination. For example, 80-85 °C for 30 seconds eliminated all EB 
from feed (Kampelmacher et al., 1965) and 85°C for one minute is considered a good target 
requirement for Salmonella spp. elimination (Jones and Richardson, 2004). Clostridium spp., 
as spore-forming pathogen bacteria, was not present in the mixture. 
 
Table 1. Microbiology results before and after thermal treatment

a
  

Microorganisms
b
 Mixer 

In front of 
conditioner 

Exit of 
hygienizer 

In front of 
pellet press 

Exit of pellet 
press 

TVC  12,000 22,000 1,200 30,000 6,000 
EB  10,000 15,000 0 100 0 
Salmonella spp. n.d. + n.d. n.d. n.d. 
E. coli <10 10 <10 <10 <10 
Clostridium spp. <10 <10 <10 <10 <10 
a
Results are expressed in cfu/cm

2
 

b
Abbreviations are:TVC, total viable count; EB, Enterobacteriaceae; n.d, not detected. 

 

For the evaluation of effectiveness of commercial chemical decontaminant, swabs were 
taken in different points of production line, before and after the treatment with the 
decontaminant (Table 2). Sampling after the treatment showed strong reduction of TVC and 
EB count in all sampling points, which proved the effectiveness of the applied treatment for 
decontamination of processing line. Salmonella spp. and Clostridium spp. were found in the 
samples taken from screw transporter that follows elevator for raw materials (elevator 2), but 
after the chemical treatment, these pathogen bacteria were eliminated. Clostridium spp. was 
also found in the receiving hopper of the mixer, but again it was eliminated by the chemical 
treatment. Chemical treatment was ineffective to E. coli that was found in the mixer, both 
before and after the treatment with the commercial decontaminant.  
 
Table 2. Microbiology results before (BT) and after treatment (AT) with commercial disinfectant 
preparation

a
 

Sampling point
  TVC

b
  EB

b
  

 
Salmonella 

spp. 
E. coli 

 
Clostridium 

spp. 

Elevator 1 for raw 
materials 

BT 2,000 100 n.d. <1 <1 
AT 400 50 n.d. <1 <1 

Elevator 2 for raw 
materials 

BT 1,500 100 n.d. <1 <1 
AT 500 70 n.d. <1 <1 

Screw transporter that 
follows elevator 1 

BT 10,000 120 n.d. <1 <1 
AT 500 20 n.d. <1 <1 

Screw transporter that 
follows elevator 2 

BT 15,000 100 + <1 10 
AT 800 10 n.d. <1 <1 

Elevator between scale 
and mixer 

BT 125,000 100 n.d. <1 <1 
AT 50,000 60 n.d. <1 <1 

Mixer 
BT 1,700 100 n.d. 20 <1 
AT 1,000 10 n.d. 10 <1 

Receiving hopper below 
mixer 

BT 12,000 160 n.d. <1 10 
AT 3,200 60 n.d. <1 <1 

Elevator between mixer 
and pellet press 

BT 150,000 100 n.d. <1 <1 
AT 76,000 60 n.d. <1 <1 

a
Results are expressed in cfu/cm

2
_ 

b
Abbreviations are: TVC, total viable count; EB, Enterobacteriaceae; n.d, not detected 

 

CONCLUSIONS 
 
Hydro-thermal treatment that is in usage in SFP was effective in reduction of TVC and EB 
count. Also, this treatment was effective for elimination of Salmonella spp. and E. coli. 
Increasing in TVC and EB count in the transporting elements between conditioner/hygienizer 
and pellet press suggests that some type of treatment for cleaning of the production line is 
necessary. Application of commercial decontaminant was very effective for reduction of TVC 
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and EB in all sampling points, and was also effective for elimination of Salmonella spp. and 
Clostridium spp. in the sampling points where these pathogen bacteria were detected before 
the treatment. 
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ABSTRACT 
 
This paper presents the results of the influence of milkiness and body weight of mother on growth gain 
of Domestic Balkan goats up to 90 days of age. In order to investigate the development of body weight 
of kids depending on body weight and milk of mothers during the suckling period a total of 375 single 
kids were measured. Goats were also sorted into groups by body weight and milkiness, while the 
interval within groups and between groups was 10 kg and 50 L of milk.  
The variability of the analyzed characteristics has been shown by the parameters of descriptive 
statistics. Statistical analysis was performed by using SPSS 15.0 software (IBM SPSS Statistics, 
Version 15, IBM Corp.,USA).  
Statistically significant differences were found at significance level of p <0.05. 
The determined values of body weight and daily gain during the entire suckling period were 
significantly different (P <0.05) and increased with increasing body weight of mothers and their milk 
yield. At 90 days, the lowest value (11.51 kg) established for kids from mother goats with the least 
weight (20-30 kg), while in kids whose mothers had a body weight of 50-60 kg, these values were 
14.72 kg. 
The positive trend and a high statistical significance indicate pronounced influence of milk yield and 
body weight of mothers on the growth of kids up to the age of 90 days. 
 
Keywords:  goat kids, body weight, milkiness, gain 

 
INTRODUCTION 
 
Domestic Balkan goat is mainly grown in mountainous regions, and to a smaller percentage 
in the plains parts of Serbia, or in areas in which Serbia is dominated by extensive and 
halfextensive livestock production systems. However, the transition from the previous 
extensive to intensive goat production is not an easy or simple task, because the breeders 
are still the opinion that the sgoat requires a species modest and as such provides a modest 
income. The practice of keeping the level of extensive goat production as a result of the 
traditional ways of growing in very poor conditions of nutrition, there is no chance in the 
future (Memisi et al., 2014)). So if you find an appropriate breeding system and if this change 
in production technology, and above all improve the nutrition and care, then the goats can 
contribute to the production of animal products for profit that are otherwise very deficiency in 
the diet of the population in our country and worldwide (Dubeuf et al., 2004; Boyazoglu et al., 
2005; Castel et al., 2010). Also, the present practice bringing of kids, where kids are mostly 
feed breast milk with a minimum allowance of grain and hay meadow, does not provide an 
optimal level and cost of production.  

Bearing in mind that the speed increase over the kids suckling period can be significantly 
increased, thus reduce the costs of growing and provide a higher profit breeders. It should be 
noted that the weight of kids at birth and their growth is not only defined individual genetic 
potential, but also the influence of does, as well as numerous other environmental factors 
(Mandal et al., 2006).  
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Therefore, milk yield and her does body weight are considered important maternal 
characteristics important for the growth of kids.  Since most and highest quality meat is 
obtained from kids, and in view of the fact that growth of kids in the suckling period is one of 
the most important phases during the rearing of young goats,, it is the aim of this study was 
to analyze the basic characteristics of growth kids of domestic Balkan goats in the suckling 
period, ie in the period to 90 days old, and to determine the influence of does milk production 
and body weight on the growth of kids.  

 
MATERIAL AND METHODS 
 
In order to investigate the development of body weight of kids depending on body weight and 
milk of mothers during the suckling period a total of 375 single kids were measured. Goats 
were also sorted into groups by body weight and milkiness, while the interval within groups 
and between groups was 10 kg and 50 L of milk. The measurement of kids was individual , 
by birth, and after 30, 60 and 90 days. Kids were weighed on a technical scale assembly 
proven accuracy (10 g) every 10 days, with the weight determined at the measurement date 
are translated at the age of 30 kids, 60 and 90 days. Based on the registered body weight of 
kids at certain periods of age, calculated the average daily gain.  
  

Nutrition of kids  
 

Nutrition of kids during suckling period of 90 days consisted of mother's milk. Kids remained 
with goats until weaning, and during this period they were housed in special box (made of 
mobile planks) and they were provided with forage mixture and meadow hey in order to get 
them used to roughage. Concentrated part of the diet consisted of cracked corn and wheat 
bran supplemented with livestock salt. Meadow hey used in nutrition of kids was from the 
second cut and originated from meadows located at the altitude of approximatly 800 m. In 
the yield of grasses, i.e. hey, 2/3 were following grasses Agrostis vulgaris L., Festuca rubra 
L., Alopecurus partenisis L., Dactylis glomerata L., Bromus vulgars L., Bromus mollis L. Etc. 
Leguminous plants were present in very low percentage (2% usually Trifolium alpestre L., 
Trifolium montanum  L., Trifolium repens L., Lotus corniculatus L. etc.). Nutrition of kids was 
ad libitum, food was administered twice per day, in the morning and evening hours. Water 
was also ad libitum.  
   

Statistical processing of data 
 
The variability of the analyzed characteristics has been shown by the parameters of 
descriptive statistics. Statistical analysis was performed by using SPSS 15.0 software (IBM 
SPSS Statistics, Version 15, IBM Corp.,USA). Statistically significant differences were found 
at significance level of p <0.05. 
 

RESULTS AND DISCUSSION 
 
Table 1 contains data on body weight of kids of the domestic Balkan goat in the suckling 
period, depending on body weight of goats-dams and their milkiness.  

Table 1 and 2 show that the body weight of mothers and their milk yield significantly (P 
<0.05) influences the body weight of kids at birth, as well as 30, 60 and 90 days of age, with 
the body mass increased with increasing the weight of mothers and their milk yield. Based on 
statistical indicators it has been confirmed the positive impact of body weight and mothers' 
milk yield  on kids growth up to 90 days. This could be explained to a large extent by greater 
body mass of kids at birth in goats with higher body mass, as well as higher milk yield of their 
mothers, which undoubtedly has a great influence on the intense growth of kids, and higher 
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body mass at suckling age.This indicates that the rapid development kids need to have does 
at the end of their physical development. 
 
Table 1. Descriptive statistical indicators of growth up characteristics of kids to 90 days of age 
depending on the does body weight, kg  (x±SD) 

Body 
weight 

n 

BW at 
birthday 

BW with 30 
days 

BW with 60 
days 

BW with 90 
days 

Growth from 0-
90 days 

ADG from 0-90 
days 

(Ā±SD) 

20-30 50 2.11 ± 0.57
a
 5.42  ± 0.89

a
 8.59 ± 1.13

a
 11.51 ± 1.34

a
 9.40 ± 1.04

a
 0.10 ± 0.01

a
 

30-40 151 2.62  ± 0.52
b
 6.27 ± 1.00

b
 9.75 ± 1.42

b
 12.90 ± 1.68

b
 10.29 ± 1.38

b
 0.11 ± 0.02

b
 

40-50 148 2.66 ± 0.42
b
 6.39 ± 0.93

b
 9.97 ± 1.40

b
 13.23 ± 1.67

b
 10.55 ± 1.45

b
 0.12 ± 0.02

b
 

50-60 24 2.75 ± 0.49
b
 7.07 ± 0.93

c
 11.07 ± 1.52

c
 14.72 ± 1.83

c
 11.96 ± 1.67

c
 0.13 ± 0.02

c
 

60-70 2 2.64 ± 0.06
ab

 6.07 ± 0.09
abc

 9.39 ± 0.13
abc

 12.53 ± 0.18
abc

 9.89 ± 0.13
abc

 0.11 ± 0.01
abc

 

Legend : BW – Body weight; ADG – Average daily gain; SD = Standard deviation; Ā – average value 
a,b,c

 Means within the same column with different superscripts differ significantly (p<0.05)  

 
Table 2. Descriptive statistical indicators of growth up characteristics of kids to 90 days of age 
depending on the does milkiness, kg  

Legend : BW – Body weight; ADG – Average daily gain; SD = Standard deviation; Ā – average value 
a,b,c

 Means within the same column with different superscripts differ significantly (p<0.05)  
 

In studies Labrouca et al. (2010) for local breeds of goats reared in Tunisia, milkiness of 
goats had a statistically significant effect (p <0.05) on body weight kids at birth and the age of 
30 days.  

However, in studies by other authors (Djemali et al., 1994; Venzhbong et al., 2005; Najar, 
2005) stated that the achieved body weight of kids in the suckling period is largely dependent 
on the does milk production, which has a direct influence on growth kids, which was 
confirmed by the results obtained in these studies. Djemali et al. (1994) stated that the 
growth kids, depending on the milkiness and to increases in goats to 5 of lactation, and 
decreases to subsequent lactation.  

Portolano et al. (2002) also indicate that the milkiness of  goats had a significant effect on the 
growth of kids in the suckling period, ie. 60 days of age. The authors also recognize that kids 
born to older goats with higher body weight heavier at birth, but not in the case when the 
goats ages from 8 to 10 years. Bogdanovic et al. (2006) stated that the milk yield of does had 
statistically significant a positive influence on kids grow up to 90 days. On the other hand, in 
studies of Al Shorepi et al. (2002) were not statistically significant effects of age of does the 
characteristics of kids growth. 
 

Milkiness n 
BW at 

birthday 
BW with 30 

days 
BW with 60 

days 
BW with 90 

days 
Growth from 

0-90 days 
ADG from 0-90 

days 

(Ā±SD) 

20-70 38 
2.36 ± 

0.53
a
 

5.79 ± 0.94
a
 8.96 ± 1.30

a
 11.95 ± 1.61

a
 9.59 ± 1.35

a
 0.11 ± 0.02

a
 

70-120 150 
2.50 ± 

0.53
a
 

6.06 ± 0.99
ac

 9.50 ± 1.41
ac

 12.61 ± 1.73
ac

 10.12 ± 1.40
a
 0.11 ± 0.02

a
 

120-170 122 
2.63 ± 

0.52
a
 

6.36 ± 1.06
bc

 9.99 ± 1.54
bc

 13.28 ± 1.77
b
 10.63 ± 1.48

b
 0.12 ± 0.02

b
 

170-220 49 
2.68 ± 

0.38
a
 

6.71 ± 0.85
b
 10.37 ± 1.31

b
 13.70 ± 1.59

b
 10.95 ± 1.48

b
 0.12 ± 0.02

b
 

220-270 14 
2.80 ± 

0.42
a
 

6.50 ± 0.60
abc

 
10.09 ± 

0.88
abc

 
13.48 ± 1.03

bc
 10.67 ± 0.96

ab
 0.12 ± 0.01

ab
 

270-320 2 
2.85 ± 

0.08
a
 

6.49 ± 0.54
abc

 9.93 ± 0.74
abc

 
12.99 ± 

1.09
abc

 
10.15 ± 1.17

ab
 0.11 ± 0.01

ab
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CONCLUSIONS 
 
Results established for the effect of body weight, as well as of milkiness of the domestic 
Balkan goat reared in the North-Western region of Sharplanina, on body weight of kids in the 
suckling period, permit the following conclusions: 

Values established for body weight, of kids by individual control periods during the entire 
suckling period differed significantly (P<0.05), with the lowest values established for kids 
from the goats with low body weights, and higher values for kids with dams higher body 
weight. 
Values established for body weight, as well as the average daily weight gain of kids by 
individual control periods during the entire suckling period, differed significantly (P<0.05), 
with lowest values established for kids from the goats with lower body weight (20-30 kg), and 
higher values for kids with mothers with higher body weight (50-60 kg). A similar trend of 
increasing body weight of kids in individual control periods during the growth is determined 
on the basis of their mothers milk yield increase (P <0.05).The influence of milk production 
and body weight of does on traits increased of kids indicates a high statistical significance 
and the pronounced influence of these two independent variables on the growth of  kids up to 
90 days of age. 

Since most and highest quality meat is obtained from kids, and in view of the fact that growth 
of kids in the suckling period is one of the most important phases during the rearing of young 
goats, much more attention should be devoted to nutrition of both goats and kids, and to 
providing favorable conditions of housing and care. 
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ABSTRACT 
 
Present study analyses the suitability of selected grain legumes for integrated production system in 
Slovenia. Slovenia is a net-importer of grain legumes with approximately 70% of feed proteins 
imported. Another fact is that about 97.5% of the imported soybean is GM, and that the dependency 
because of lot imported soybean should be reduced. 18 and 15 different cultivars of soybean, two 
cultivars of peas and faba-beans were sown at two locations (Jablje and Rakičan) in 2015 to compare 
morphological traits, yields and content of protein and fat. Results indicate that soybean had higher 
average yields of grain (DM) and protein content (g kg

-1
 DM), compared to peas or faba-bean. Higher 

yields were achieved despite unfavourable growing conditions at both locations in 2015. In Jablje 
average yields of soybean ranged from 3171 kg ha

-1
 to 4806 kg ha

-1
 with average protein content from 

335 g kg
-1

 DM to 405 g kg
-1

 DM. In Rakičan average yields ranged from 1780 kg ha
-1

 to 2939 kg ha
-1

 
with average protein content from 296 g kg

-1
 DM to 375 g kg

-1
 DM. Average protein yields per hectare 

with soybean were 1288 and 747 kg ha
-1

, respectively. In both locations were maturity groups 00 and 
000 favourable for production. Maturity groups 0 or 1 proved to be too late maturing and with greater 
yield variability.  
 
Keywords: soybean, peas, faba-beans, crude proteins content, crude fat content, protein yield 

 
INTRODUCTION 
 
The sustainable development of agriculture is in the foreground of EU agricultural policies 
and there is a consensus that diversification is the key to achieve this goal (Davis et al., 
2012). Legumes are an important part of agriculture, providing many environmental benefits 
and ecosystem services (Zander et al., 2016). Nevertheless, general trends in agriculture are 
towards simplification and specialization, causing a significant decline in legumes cultivation 
and plant diversity at the farm level in Europe (Brouwer, 2006). The general consensus in EU 
is to promote the cultivation of protein crops to decrease the production deficit of plant 
proteins and its dependence on the import of plant proteins (Bues et al., 2013). Consequently 
also a reduction of mineral nitrogen fertilizer can be expected (Bavec et al., 2015), since 
most of the legumes have the ability to develop root nodules and with compatible rhizobia fix 
N2 in symbiosis (Bues et al., 2013; Graham and Vance, 2003). As a result, CAP 2014-2020 is 
supporting grain legumes in the number of measures. Soybean is globally the most important 
legume in agriculture and one of the four most important crops worldwide in providing food 
security (Ray et al., 2013). However, in Central Europe soybean cultivation is still relatively 
new and unknown (Zimmer et al., 2016). This is especial evident in Slovenia where only 
small percentage of fields was cultivated with soybean until 2015 (STAT, 2016). This is partly 
also because growing conditions in central Europe require early maturing varieties, whose 
breeding has just started (Zimmer et al., 2016). Slovenian Ministry for Agriculture, food and 
forestry started tree year state research project named »Soybean« in the late summer of 
2014. Two faculties and two research institutes participate in the project with main goal to 
increase the cultivation of grain legumes in Slovenia. In the main focus of the project is 
soybean. Slovenia is a net-importer of grain legumes with close to 70% of legumes imported.  
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The share of imported soybean is even higher and the fact that 97.5% of the imported 
soybean is genetically modified creates additional important negative connotation in current 
public opinion. In CAP 2014-2020 Slovenia is supporting the production of protein crops with 
(cca. 2.759.740 EUR in 2015 or cca. 330 EUR ha-1) resulting in high increase of legumes in 
production in 2015 and 2016, especially soybean. 

The aim of this study was to test the suitability of different varieties of soybean (Glycine max 
L. Merrill) and to compare their yield and protein yield potential to varieties of peas (Pissum 
sativum L.) and faba-beans (Vicia faba L.) in two different climate and soil conditions.  

 
MATERIAL AND METHODS 
 
Experimental fields are located at Jable, (central Slovenia, 46°8´N, 14°33´E, altitude 307 m) 
and Rakičan (east Slovenia, 46°39´N, 16°11´E, altitude 186 m). Jablje climate is categorized 
as sub-Alpine climate (cool and wet growing conditions, average yearly precipitation 1367 
mm, average yearly temperature 8.96 °C) and Rakičan climate is categorized as Pannonian 
(semi-arid conditions, average yearly precipitation 812 mm, average yearly temperatures 
9.77 °C). Soil texture at Jablje is clay loam, characterized with slow infiltration and good 
water retention capacity and brown loamy sand at Rakičan, characterized with high 
infiltration and low retention capacity. 15 and 18 different varieties of soybeans, two varieties 
of peas and variety of faba-bean were included in the experiment in 2015, respectively. 
Experiment was arranged as completely randomized block design with four repetitions. Each 
experimental plot was measuring 6x2.5 m2. At both locations soils were prepared for sowing 
with the use of minimum tillage. Seeding density was 50-70 plants per m2 (depending on the 
germination percentage provided) and row spacing was 25 cm. Varieties were sown using 
Wintersteiger experimental seeder for small grain cereals. Prior to seeding all seeds were 
inoculated with Bradyrhizobium japonicum. No mineral nitrogen fertilization was used during 
growth; P2O5 and K2O were applied according to the results of AL analysis. Blocks were 
sprayed with post-emergence herbicides to prevent weed development. Crops were 
harvested when the most varieties achieved full maturity using Wintersteiger small plots 
harvester. Grain was weighted and samples were taken for further analysis. Grain moisture 
was measured immediately after the harvest and if necessary later dried to 9% moisture at 
40 °C. Moisture was determined by heating the samples at 103°C for 4 hours (EC 152/2009 
App. III A). Dried samples from all the repetitions were then taken and merged to estimate 
average of crude proteins and crude fat content of the variety. Crude proteins were analysed 
using method ISO 5983:2, using factor 6.25. Crude oils and fats were analysed with 
petroleum ether extraction (152/2009 App. III H). 

RESULTS AND DISCUSSION 

Jablje 

Weather conditions in 2015 were not the most favourable for soybean cultivation. Growing 
period was influenced by four heat waves and below average precipitation. Average monthly 
temperatures were above long term average (1981-2010) with peak temperatures (+36 °C) 
occurring during soybean flowering and pod formation 
 
Table 1 Basic weather parameters at Jablje 

 I II III IV V VI VII VII IX X 

Average temperatures in 2015 0.7 0.6 5.6 10.3 15.3 18.9 22.6 20.6 14.7 9.5 

Long term average temperatures -1.7 -0.2 4.1 8.8 14.1 17.4 19.4 18.7 14.2 9.6 

Average precipitation in 2015 52.5 26.6 87.3 35.6 120.1 196.1 93.3 73.5 169.9 172.7 

Long-term average precipitation 66 65 90 95 107 145 122 135 140 137 

Long-term=1981-2010 
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Average monthly precipitation was below average in April to mid-May, causing spring 
drought and uneven soybean emergence. During later growth stages water-deficit conditions 
frequently occurred followed by intense precipitations events. Monthly soil water balances 
were negative during most of the summer. Solar radiation in 2015 was above average. 

Despite not optimal growing conditions, average yields of soybean were relatively high. 
Average grain yields of soybean (9% moisture) varied from 3171.5 kg ha-1, the lowest, to 
4805.8 kg ha-1, the highest (Figure 1). Yield of peas were 3396.6 kg ha-1 (“Eso”) and 2792.4 
kg ha-1 (“SPC 553”). Yield of faba-bean was 1548.3 kg ha-1. Average yields of soybean 
(M=3858.0 kg ha-1) were higher compared to those of peas (M=3094.5 kg ha-1) or faba-bean. 
Overall highest grain yielding variety was “Guiliette” (M=4805.8 kg ha-1). Nevertheless this 
variety was proved to be too late maturing at Jablje with having average moisture at harvest 
above 32%. Second highest yielding variety was “NS Mercury” (M=4585.1 kg ha-1, 15.7% 
grain moisture at harvest). All together, seven varieties of soybean achieved average yields 
of above 4000 kg ha-1.  
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Figure 1. Comparison of average grain yields and grain moisture at harvest at Jablje in 2015 

 
High variability was noticed regarding yields. Weather conditions during flowering and pod 
formation with very high temperatures (peak deviations from long-term average +3 °C) are 
estimated as being responsible for high variability. High variability reduces the sensitivity of 
analyses, making it harder to detect true significant differences among the varieties (Rusticus 
and Lovato, 2014). Therefore no statistical analyses of variance could be performed with 
satisfactory reliability. High volatility of grain yields of legumes has been much discussed and 
yield instability is estimated as being a major obstacle in increasing legume cultivation. 
Nevertheless, as discussed by Zander et al. (2016) are agronomic measurements to improve 
yield stability limited. Crude protein content of soybeans ranged from 335 g kg-1 DM to 405 g 
kg-1 DM and was higher compared to peas (213-224 g kg-1 DM) or faba-bean (302 g kg-1 
DM). The highest average protein yields at Jablje were observed with the variety “NS 
Mercury” (M=1673.0 kg ha-1), followed by the variety “ES Mentor” (M=1575.8 kg ha-1) and 
“Xonia” (M=1501.2 kg ha-1). Lowest average protein yield was calculated with the variety “SY 
Livius” (M=1039.0 kg ha-1). Difference between soybean variety with the highest and the 
lowest protein yield was cca. 62%. Protein yields from peas or faba-bean were lower, 
compared to soybean. Calculated average protein yields for the variety “ESO” was 651.80 kg 
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ha-1 and for the variety “SPC 553” 579.50 kg ha-1. Faba-bean variety was overall the lowest 
protein yielding legume at Jablje (M=410.5 kg ha-1).  
 
Rakičan 

Conditions for soybean growth and development in 2015 were generally unfavourable at 
Rakičan. Growing period was affected by three different durations of droughts during growth 
and four heat waves (prolonged period with temperatures above 30 °C). Average monthly 
temperatures were above long term average (1981-2010) with peak temperatures (+ 37 °C) 
occurring during soybean reproductive stage. Average monthly precipitations were below 
average from March to mid-May, causing spring drought during soybean emergence. At later 
growth stages water-deficit conditions frequently occurred with summer drought in August, 
terminating soybean growth. Monthly soil water balances were negative during most of the 
summer. Solar radiation in 2015 was above average.  
 
Table 2: Basic weather parameters at Rakičan 

Long-term=1981-2010 

 
Average yields of soybeans varied from 1780.5 kg ha-1, the lowest, to 2939.3 kg ha-1, the 
highest (Figure 2). Highest yield was achieved by the variety “Sigalia”, followed by “Giuliette” 
(M=2789.4 kg ha-1) and “Solena” (M=2783.3 kg ha-1). Varieties “Lucija” (maturity group 0-00) 
had the highest average grain moisture at harvest (25.5%), followed by “Giuliette” (maturity 
group 1) with average grain moisture 19.93%.  
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Figure 2. Comparison of average grain yields and grain moisture at harvest at Rakičan in 2015 

Average grain yields (9% moisture) at Rakičan were lower compared to Jablje. Yields of 
peas were 2199.6 kg ha-1 (“ESO”) and 1418.4 kg ha-1 (“SPC 553”). Average yield of faba-
bean was 683.3 kg ha-1. Faba-bean variety was showing low adaptability to conditions at 
Rakičan, resulting in high infection rate with Botrytis fabae and very low competitiveness with 
weeds. Average yields of soybean (M=2417.6 kg ha-1) were higher compared to peas 

 I II III IV V VI VII VII IX X 

Average temperatures in 2015 2.5 1.8 6.4 11.2 15.8 19.5 22.8 21.7 16.3 10.2 

Long term average temperatures -0.8 0.9 5.3 10.2 15.4 18.6 20.4 19.6 15.1 10.3 

Average precipitation in 2015 64.7 45.6 24.1 28.1 144.3 112.3 97.5 31.5 90.6 178 

Long-term average precipitation 37 36 58 61 86 114 98 111 106 88 
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(M=1809.0 kg ha-1) or faba-bean. Very high variability was noticed at Rakičan and no 
statistical analyses of variance could be performed. Weather conditions during emergence 
(drought), flowering and pod formation (drought and extremely high temperatures), deviation 
from long term average +2.5 °C together with soil micro-variability under these conditions are 
estimated as being responsible for high variability at Rakičan. Soybean response to different 
environmental factors is well described by number of authors (Sekulič and Kurjački, 2011; 
Dogan et al., 2007; Payero et al., 2005). Depending on the variety traits, soybeans use about 
450–700 mm of water (Doorenbus and Kassam, 1979) with the most critical periods for water 
stress at flowering stage and following stages (Dogan et al., 2007). Water deficit can result in 
smaller plants and more pods per plant, correlating with less biomass and lower 1000-seed 
weight (Dogan et al., 2007). Similar was observed in our experiment (data not shown). Crude 
protein content of soybeans ranged from 296 g kg-1 DM to 375 g kg-1 DM and compared to 
peas (249-264 g kg-1 DM). The highest calculated protein yield was observed with variety 
“Sigalia” (M=930.3 kg ha-1), followed by “ES Mentor” (M=888.8 kg ha-1). Lowest calculated 
protein yield was observed with the variety “Amandine” (M=561.6 kg ha-1). Difference 
between the highest and the lowest protein yield was cca 60.3%. Protein yields of peas were 
498.4 kg ha-1 (“ESO”) and 340.8 kg ha-1 (“SPC 553”). Faba-bean was not analysed at 
Rakičan because of low grain yields. 
 
Table 3. Crude protein and crude fat content and calculated average protein yield per hectare 

Location: Rakičan Location: Jablje 

Variety 

Crude 
protein 
content 

Crude fat 
content 

Protein 
yield Variety 

Crude 
protein 
content 

Crude 
fat 
content 

Protein 
yield 

g kg
-1

 DM kg ha
-1

 g kg
-1

 DM kg ha
-1

 

Sigalia 348 177 930.3 NS Mercury 401 168 1673.0 

ES Mentor 375 181 888.8 ES Mentor 405 173 1575.8 

Giuliette 330 184 837.7 Xonia 377 182 1501.2 

Naya 371 173 827.2 Giuliette 341 180 1475.7 

NS Favorit 354 187 811.9 Naya 382 177 1416.9 

Solena 319 204 808.0 SY Eliot 363 189 1355.2 

Korana) 347 172 803.1 Silvia 364 190 1335.8 

Aligator 345 208 776.7 Ema 350 173 1233.1 

Sultana 341 193 774.4 Amandine 370 193 1167.1 

Abelina 337 210 740.6 Sigalia 349 179 1144.1 

SY Livius 348 192 729.9 ES Dominator 367 177 1122.4 

Selena 325 178 685.7 Abelina 366 194 1118.5 

Lucija 314 195 669.5 Sultana 368 188 1095.3 

Ema 331 173 663.0 Lucija 335 188 1067.8 

Es Dominator 370 161 658.8 SY Livius 360 198 1039.0 

SY Eliot 326 184 657.2     

Silvia 296 193 631.5     

Amandine 348 196 561.6     

Peas        

Eso 249 44 498.43 Eso 213 14 651.80 

SPC 553 264 25 340.76 SPC 553 224 13 579.50 

Fababeans        

Zoran / / / Zoran 302 7 410.46 

 
At both locations were varieties of peas showing high tendency to lodging and grain loss. 
Lodging is a serious problem in dry pea’s cultivation and can significantly affect its yields 
(Singh and Srivastava, 2015) and consequently its competitiveness to soybean in semi-arid 
conditions. Nevertheless, various agronomical managements can be implemented to 
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minimize this tendency (Schouls and Langelaan, 1994). Faba-bean variety used in the 
experiment was proved not to be competitive to soybean and peas, at least in 2015. 
Reasons for this can be partially found in high rate of infection with fungal diseases, poor 
competition with weeds and high temperature stress. 
 

CONCLUSIONS 
 
Introduction of soybean into Slovenian cropping system could have high impact on our 
agriculture. For example; intensive production systems in Slovenia rely mainly on high 
external nitrogen inputs to achieve high production level. Nevertheless negative side of such 
systems is the range of environmental issues related to high nitrogen inputs as discussed by 
Van Grinsven et al. (2014) and Bavec et al. (2015). Increase of the share of soybean in 
cropping systems could therefore have multiple environmental benefits, not only on reducing 
import of plant proteins. Results of the first year of study suggest that soybean was the 
highest yielding grain legume in the experiment with the highest potential protein yield per 
hectare. Recommended soybean maturity groups for Slovenia were 00-000. Nevertheless, 
as observed in 2015, unfavourable environment conditions could significantly limit soybean 
production in Slovenia, especially in semi arid conditions without the irrigation.    
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ABSTRACT 
 
Precision nutrition is way and tools to best targets the goal of production. In poultry, especially broiler 
production, nowadays the goal is not only the maximal production or profit, but optimal production 
regarding economic and environmental aspects, resource and nature conservation - sustainable 
production. Simply, the precise nutrition for broilers has a new goal: to ensure that nutrients from feed, 
as much as possible, end in the meat and less in the manure. 
In order to consider the actual situation in Serbia, biological trial was performed. Quality of 8 different 
feeding programs was tested from the beginning of broiler fattening to the end (6 market/commercial 
nutrition programs and 2 control programs). In total, 18 different mixtures of 4 different commercial 
manufacturers and 6 control mixtures produced by the Institute for Animal Husbandry were tested. 
Total of 3520 one-day old broiler chickens of Cobb 500 hybrid were used, housed in 32 boxes 
according to the trial plan. Complete analysis of the chemical and microbiological composition of every 
diet used in the test was performed and broiler production performance observed during 42 days of 
fattening.  
The results show that the nutritional quality of complete feed mixtures for broilers available on Serbian 
market, varies significantly among different programs and different manufacturers, and consequently 
also the economic and ecological aspects of using such feed. There are many things that can be 
improved to achieve the new goal, from relatively simple things to “fine-tuning“.   
 
Keywords: precision nutrition, broiler, biological test 

 
INTRODUCTION 
 
Following the so-called Green Revolution in mid-century and controversial GMO revolution at 
the end of the last century, in the 21st century, the world requires new rapid and radical 
changes in agriculture to feed the world's constantly growing population in conditions of 
limited and ecologically vulnerable resources. There is an obvious need for better and 
smarter production of food. It is expected, primarily through innovation in the entire chain of 
production, processing and consumption of food, to provide the necessary higher efficiency 
and sustainability (Lukić et al., 2013). 

For industrial agriculture, one of the solutions that are recommended and increasingly being 
developed and improved is the application of precision agriculture. For this purpose, the 
latest technological developments are implemented and it is an area of agriculture where the 
penetration of information technologies into primary production, equally to farms as well as to 
fields is the largest and most useful, primarily in the form of sensors, software applications 
and models to record/analyse/control every aspect of production, including physiological 
parameters of plants or animals (Gebbers and Adamchuk, 2010).  

Poultry industry, as one of the most intense areas of agriculture and animal husbandry, has 
been applying for long time the high-tech, automated and reliable solutions in primary 
production and processing of poultry products. Poultry nutrition, especially broilers,are 
increasingly relying on the development and implementation of such systems, and takes on 
the characteristics of precision agriculture. 
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Precision nutrition of broilers  
 
Precise nutrition is way and tools to best targets the goal of production. In poultry, especially 
in broiler production, the goal has changed over the time and today is not only the maximal 
production or profit anymore.  

Pesti and Miller (1997) summarize the salient changes in broiler nutrition during the decades 
preceding the 2000. In the 60’s, the maximum yield of broilers was pursued, during the 70's 
main objective was to improve feed conversion, in the 80’s the focus was on the prices of 
food to body weight ratio, and in the 90's the ratio of the price of food to meat yield becomes 
of primary importance. 

In the first decade after 2000, in addition to the profit maximization through innovation and 
expansion of application software models for the optimization of production and nutrition, the 
importance of ecological aspects of broiler production and nutrition increases, and in some 
countries, especially in Europe, it is followed by legal obligations as well as the prescribed 
limits for excretion of nitrogen and phosphorus from manure on fields in order to prevent 
pollution. This trend continues in the second decade of the 21st century. Today, the main goal 
of intensive broiler production is not only the maximal production or profit anymore, but 
optimal production regarding economic and environmental aspects, resource and nature 
conservation - sustainable production. 

Simply, the precise nutrition for broilers has a one more task: to ensure that nutrients from 
feed, as much as possible, end in the meat and less in the manure. 
 
Development of tools for precision nutrition of broilers 
 
The main tool used by nutritionists to determine the proper nutrition of all species and 
categories of farm animals, as in the previous period and today, are the classic software 
programs for the formulation of diets which calculate a combination of components that best 
matches the specification and has the lowest price, i.e. the so-called linear programming or 
linear optimization. This basic tool of the 90s, in accordance with the needs of broiler 
industry, has been continuously expanded and upgraded, providing nutritionists and 
producers of broilers ability to predict the biological response of broilers to changes in diets, 
and all the more precise formulation of feeds that can potentially give you the highest profit 
within the set realistic possibilities provided by used genetics, environmental and other 
conditions of production and the current economic environment (especially the cost of feed/ 
price of finished broilers). Dynamic models of diet formulations, such as Gonzales model 
(Gonzales-Alcorta et al., 1994) or EFG Broiler Growth Model (Emmans, 1995) were 
developed, proposed and used. 

At the same time, the formulation of diet for broilers has evolved in practice toward ever 
greater determination, control and use of data on the nutrients based on what considered to 
be available component for the animal (AMEn, TDAA, Pav.) and what is unavailable (NSP, 
phytate phosphorus), as well as how and to what extent the unusable part can be made 
available in the stomach of animals, primarily through the exogenous enzymes. Since the 
classical chemical analyses are sure indicator of the quantity of certain nutrients, but not 
necessarily of the nutritional quality, the systems of analyses are being developed and clients 
are being offered the services of NIRS apparatus calibration, which connect these fast, 
simple and relatively cheap analyses, and the results of analyses with appropriate result data 
bases in standard biological experiments determining the digestibility of some nutrients in the 
most important feeds (Shirley, 2013). 

Thanks to these and other new tools, decisions of broiler producers regarding broiler nutrition 
are based not only on the recommendations of the tables or the latest diet specifications 
prescribed by the manufacturers of hybrids, but primarily on their production targets which 
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can vary significantly between different companies, over the time, and/or in different markets. 
The goal, in the present market conditions of broiler production, which have been very 
variable and difficult in recent years, is to remain (or become) profitable and achieve 
maximum profit. How the broiler nutrition all over the world has become increasingly critical 
factor in the normal conditions of production is illustrated by the statistical data that even in 
the USA, the world's largest producer of corn and soybeans - two basic components in 
standard broiler diets, in 1999, the share of cost of feed in the market price of fattened 
chickens was 51.6%, in 2008 - 66.6% and in 2013 even 72% (Daugherty, 2014).  
 
How precise do we feed broilers: survey of differences in the nutritional quality of feed in the 
Serbian market using biological assays 
 
In our country, for many years, there have been no published data on the independent 
testing of the nutritional quality of complete poultry feed mixtures on the market. Similar test 
was done five years ago as part of a wider research project. For the purposes of the test 
complete poultry feed mixtures were bought in the market and tested from the beginning until 
the end of fattening that are commonly found in retail in packages of 20 or 25kg. The 
complete mixtures in the form of mash (flour) and pellets have been tested. 
 

MATERIAL AND METHODS 
 
Quality of 8 different feeding programs was tested from the 1-42. day of broiler fattening (6 
market/commercial nutrition programs and 2 control programs of broiler diet prepared in the 
Institute for Animal Husbandry, Belgrade). In total, 18 different mixtures of 4 different 
commercial manufacturers and 6 control mixtures were tested.  

Control mixtures represented a minimum standard in the broiler nutrition program, and were 
produced as mash feed, based on corn/soybean meal diet with standard additives (without 
enzymes, probiotics, prebiotics, etc.). The complete starter, grower and finisher mixtures 
were used as control, produced according to:  K1 – the minimum requirements of the 
Rulebook (Pravilnik o kvalitetu hrane za životinje); K2 – technological nutrition 
recommendations of the manufacturer of Cobb hybrid used in the test. 

In all, total of 3520 one-day old broiler chickens of Cobb 500 hybrid were used, divided into 8 
different experimental groups with 4 replicates within each group. Chickens were placed in 
32 pens (110 chickens in each) in floor system of housing and controlled environmental 
conditions.  

During the test, complete laboratory analysis of the chemical and microbiological composition 
of every diet used in the test was performed with standardised methods in accredited 
laboratory. Broiler production performances are regularly observed. Based on obtained data, 
at the end of the experimental period (42 days) the production index (European efficiency 
factor) was calculated, based on the age of broilers at sacrifices (days), their average live 
weight (kg/head), viability (%) and feed conversion rate (kg fodder/kg gain).  

The data were evaluated statistically using analysis of variance followed by Tukey’s test. 
Statistica (v.8) software was utilised for the analysis, and a probability (p) < 0.05 was 
considered significant. 
 

RESULTS AND DISCUSSION 
 
The results of the laboratory analysis showed that all mixtures complied with all statutory 
requirements, declaration and the prescribed quality parameters in regard to chemical and 
microbiological parameters (results not presented). The purchase price of the mixture, 
according to the category and form (mash or pellets), also was about equal among 
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manufacturers, except for one manufacturer whose mixtures were by about 10% more 
expensive on the market. 
However, the results of the nutritional quality of complete mixtures for broiler fattening which 
are determined by biological assay showed significant variations among the tested feeding 
programs, nutrition and diets. Results of achieved final weight of broilers in the experiment, 
on the day 42 of fattening and actual production index are shown in Table 1. 
 
Table 1. Average final body weights and production index of trial broilers ( x ± SD) 

Feed Body weight of broilers. 
day 42, g 

Production index 

K1 2175±327
d 

260±19
cd 

K2 2295±325
c 

291±7
bc 

AP 2512±345
b 

300±6
ab 

B 2231±305
d 

265±27
cd 

BP 2591±339
a 

330±9
a 

C 1683±237
f 

181±17
e 

CP 2198±316
d 

249±7
d 

D 2104±270
e 

237±13
d 

 K1 – control feed produced according to the Rulebook requirements  
 K2 – control feed produced according to the recommendations of the hybrid producer  
 A-D – various commercial feed producers 
 AP , BP , CP – pellet feed 
 a-e - Values in the same column not sharing a common superscript differ significantly 
  (p<0.05)  
 

As expected, pelleted feed showed an obvious superiority over the mash form of complete 
mixtures, which once again confirms the correctness of the decision of the majority of 
producers to exclude the feeds in mash (flour) form from their standard market offer of feed 
for broilers. 

The results also show that the nutritional quality of complete feed mixtures for broilers 
available on our market, varies significantly among different programs and / or different 
manufacturers, and consequently also the economic and ecological aspects of using such 
feed. 

It is interesting that the most expensive market feed in this test was not the best, but on the 
contrary, totally unexpectedly achieved the one of the worst results. 

The results also confirm that in order to protect consumers and precise feed broilers, it is 
essential that in the retail there is a greater range of products with prominent/guaranteed 
nutritional, and consequently price differences. It is therefore commendable and desirable 
trend of marketing of two product lines at retail level, so-called premium and economical type 
of products (with various market names), which in recent years has increasingly been the 
case for domestic producers of animal feed. 

In order for the precision nutrition to have a positive economic impact, coordinated efforts are 
required primarily between the management in the production of broilers, nutritionists (i.e. 
feed suppliers) and processors of broiler meat. It is particularly desirable and useful in the 
vertically integrated poultry companies. An illustrative example is the largest poultry company 
in New Zealand, showing, in the production conditions and at the company level, the best 
average feed conversion ratio in the world, including in the 5 key elements necessary for 
maximum results the use of precision nutrition (Thornton, 2012). 

In regard to the environment protection and legal obligations related to the limitations and 
prevention of pollution caused by nutrients in the food chain, precision agriculture, i.e. 
precision nutrition becomes an essential tool to facilitate the achievement of the stipulated 
norms and obligations of the food industry in the countries where these norms are stipulated 
and strictly respected. 
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CONCLUSION 
 
In broiler production and nutrition, the main goal has changed over the time and today is not 
only the maximal production or profit anymore. Nutritional quality of broiler feed in Serbian 
market can be variable. Seems that there are still many things that can be improved to 
achieve the new goal in nutrition of broiler chickens in Serbia, from relatively simple one to 
“fine-tuning“.  
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Bakery products play an important role in the diet of people in Ukraine and occupy a special place in 
their diet. The priority is the possibility of realization of freshly baked bread at any time of the day and 
closer to the consumer - in shops, cafes and restaurants, hotels, recreation centers, and various 
points of fast food from frozen convenience foods. Large plants can supply semi-finished products in 
small batches, which would be baked in places ultimate realization. There was a need to improve the 
technology of production of bakery products long-term implementation and improvement of the quality 
of finished products from frozen convenience foods. On the basis of theoretical and experimental 
studies, we developed the technology for production of frozen semi-finished bakery products of a 
functional purpose. Improved quality indicators of finished products through the use of potato starch 
and modified Paselli BC (E1414), replaced by chemical enhancers prescription components of natural 
origin, studied the possibility of using non-traditional types of flours. This enables the product raised 
food and biological value with high organoleptic and physic-chemical indicators of quality. The 
introduction of the technology into production in the presence of a number of benefits is appropriate. 
 
Key words: bakery products, long-term implementation, frozen convenience foods, quality indicators  

 
INTRODUCTION 
 
Bakery products have a special place in the human diet. In the recent years, consumers 
prefer fresh baked goods from bakeries and cafes, as reduced bakery products on traditional 
technologies. Promising technology is "deferred-baking", which will allow large enterprises 
produce frozen ready meal and deliver them to the place of sale. This technology can be 
considered energy-efficient, due to partial baking. The advantage of baked goods made by 
the technology of "pent-baking" is a long-term storage. 
The priority development opportunity is the realization of freshly baked bread with functional 
properties at any time of the day and closer to the consumer - from partially baked and 
frozen bakery. 

In the production of bakery technology "deferred baking" multiple warehouses synthetic 
additives that prevents the production of functional bakery products from frozen partially 
baked semis (Solonytska, 2009., Kulp and Lorenz, 2005). 

Selection and combination of prescription components, such as different types of flour, 
pectin, modified starch, processed rose, grape syrup, etc. makes it possible to improve the 
quality of finished products, baked from frozen partially baked and half-finished. And provide 
functional properties through the use of prescription ingredients of natural origin with a high 
content of micro, trace elements, vitamins, fiber and other additives that provide functional 
properties of bakery products. 

These measures allow for product increased food and biological value with high organoleptic 
and physico-chemical quality. 

In today's requirements for food, urgent need to improve the technology for the production of 
bakery products "deferred baking" technologies and improve the quality of finished products 
and frozen partially baked preparations. On the basis of theoretical and experimental studies, 
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we are developing the production technology of bakery products of a functional purpose of 
partially baked and frozen foods (Solonytska, 2015., Lebedenko, 2014). 

The introduction of technology into production in the presence of a number of benefits is 
appropriate.  

 
MATERIAL AND METHODS 
 
It was decided to use to improve the rheological properties of dough syrup and high content 
of yeast. Due components made prescription can not only improve the quality and expand 
the range of baked goods made on technology "deferred baking". 
 
Table 1− Recipe products 300 g flour 

Crude 
With buckwheat 

flour 
With maize  flour With wheat chaff W crude, % 

wheat flour the 
highest grade 

285 275 290 14,5 

buckwheat flour 15 − − 14,5 

maize  flour − 25 − 14,5 

wheat chaff − − 10 14,5 

white salt 4,5 4,5 4,5 3,0 

yeast baking 
pressed 

9,0 9,0 9,0 75,0 

syrup 15,0 15,0 15,0 22,0 

 
The aim of the investigation was to define mass contents and influence of different kinds of 
meal on the quality of ready-made bakery of a long term of realization (Kulp and Lorenz, 2005). 

The laboratory baking of bread was carried out in a leavened-doughless way. The kneading 
of dough was conducted on a Brabender′s pharinograph during ten minutes, then the dough 
was leavening for 60 minutes after the rising the dough was put in moulds and sent to be 
held out in the thermostat TS-80 during 40 minutes. The dough half-finished products were 
baked in the laboratory oven RZHLP at the temperature 220-230 ° C during 70 % of the total 

time of baking. The products were cooled in the laboratory condition and then were sent to a 
deep-freeze with the temperature of 18 degrees below zero. The period of freezing takes 
about 120 minutes. In such conditions the products were keeping during 3 days. The stage of 
defrost was conducted in the thermostat TS-80 at the temperature of 29-32° C degrees 

centigrade. The products were backed to the and during the left 30 % of the total time of 
baking. For control we took the products made according to the traditional technology. 

 
RESULTS AND DISCUSSION 
 
In studies determined the effect of maltose syrup on staling process and quality of the 
finished baked goods with partially baked preparations. Compared quality products made by 
traditional technology and the technology of "deferred baking" . The use of syrup in baking 
production contributes to the quality of bakery products, accelerates  the preparation of the 
dough, ensures the necessary rheological properties of dough, preserves the freshness of 
the finished bread. 

With increasing dosage of syrup, creates a dense protein-carbohydrate structure by a 
uniform enveloping gluten starch granules resulting in a more uniform crumb structure, 
porosity developed with thin walls of the pores, increased specific volume and increased 
persistence in fresh. Syrup is an effective means of stabilizing the baking properties of flour, 
regulation of the fermentation process, the formation of certain properties of semi-finished 
products, improve the quality of bread, including slowing down the staling process and 
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reduce the friability of the crumb of bread products made by "deferred baking" technology 
(Drobot, 2002). 

On research that adding syrup in an amount 5 % the weight of flour improves the 
organoleptic quality indicators products and avoids premature staling, to the presence of 
dextrin, which have a high viscosity. Bakery products within 24 hours of stored elastic crust 
and crumb. 

To the results of carrying out of theoretical and experimental investigations development of 
technology for production of bakery products a long shelf life. Improved quality indicators 
finished products received by maltose syrup, which allows you to receive products with high 
organoleptic and physico-chemical indicators comparingі.  

The bread made after the technology of partial baking does not have significarot differencies 
in organoleptici and in physico-chemical indicators comparing with the bread made according  
to traditional technology. The term freshness of products was extended by slowing the aging 
of starch. 

The first phase of the study, we determined the effect of buckwheat flour on the structural, 
mechanical and physicochemical properties of finished products 

          
Table 2. Physico-chemical indicators bread with buckwheat flour 

Indicator Control Baked at 70 %  and frozen 

Weight, g 400,34 405,5 

Specific volume, sm3/100g 2250 2200 

Wetness, % 41,0 36,4 

Acidity, grad 1,8 1,9 

Porosity, % 55 58 

Penetration, device units 

∆Нov 83 112 

∆Нpl 66 101 

∆Нel 17 11 

Relative elasticity, % 79,5 90,1 

Relative resilience, % 20,5 9,8 

 
In the second phase we determined the effect maize flour on physico-chemical indicators 
comparing products. 
 
Table 3. Physico-chemical indicators bread with maize flour 

Indicator Control Baked at 70 %  and frozen 

Weight, g 417,8 438,4 

Specific volume, sm3/100g 2250 2000 

Wetness, % 41,7 34,6 

Acidity, grad 1,6 2,0 

Porosity, % 56 64 

                                                Penetration, device units 

∆Нov 115 79 

∆Нpl 100 65 

∆Нel 15 14 

Relative elasticity, % 86,9 82,2 

Relative resilience, % 13,0 17,7 

 
Analysis of the quality of finished products showed that the addition of increased amounts of 
yeast can significantly increase the porosity of products. Adding to the recipe of molasses 
allowed to extend shelf life by improving the hydrophilic properties of the crumb and 
increasing content of water-soluble substances.  
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Table 4. Physico-chemical indicators bread with wheat chaff 
Indicator Control Baked at 70 %  and frozen 

Weight, g 409,9 407,4 
Specific volume, sm3/100g 2300 2280 
Wetness, % 36,3 40,2 
Acidity, grad 1,0 0,8 
Porosity, % 56 73 

                                                   Penetration, device units 
∆Нov 55 101 
∆Нpl 36 76 
∆Нel 19 25 
Relative elasticity, % 65,4 75,2 
Relative resilience, % 34,5 24,7 

 
 
   
 

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

Figure 2. Profilohrama organoleptic quality of finished products 
 

CONCLUSION 
 
Based on research, we can conclude that it is advisable to use buckwheat, corn flour and 
wheat flour in the production of technologies for the "deferred baking." Corn flour contains 
more lipids, sugars, gemicellulose, rich in macro and micronutrients (calcium, magnesium, 
phosphorus, iron and nickel), vitamins E, B1, B2, B6, PP. Buckwheat flour contains zinc, 
magnesium, calcium, iron, vitamin B, E group and antioxidant rutin (Drobot, 2002). It is well 
known that wheat flour is a source of dietary fiber that is essential components of food. 
Adding flour and bran cereal crops enhanced the nutritional value of products. Corn flour 
contains more lipids, sugars, and hemicellulose. It is rich in macro-and micronutrients 
(calcium, magnesium, phosphorus, iron and nickel), vitamins E, B1, B2, B6, PP. In the class 
of carotenoids cornmeal identified carotene, kryptoksantan, zeaksantan. Buckwheat flour 
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contains zinc, magnesium, potassium and iron, vitamins B and E, antioxidants and rutin. It is 
known that wheat bran is the source of dietary fiber that is essential components of food. 
Due to the presence of wheat bran, cornmeal and buckwheat flour in recipes, bakery 
products can be considered bakery products of functional action. 
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ABSTRACT 
 
The effects of garlic, black pepper and chili pepper in broiler chicken diet on cholesterol content and 
lipid oxidation of breast and thigh with drumstick meat, skin and liver were investigated. Cholesterol 
content of tissue homogenates was performed by HPLC-DAD analyses, while lipid oxidation of white 
and red meat, as well as liver was expressed as TBARS concentration (mg MDA/kg tissue). For 
biological research eight treatments with the total of 1200 broiler chickens of hybrid line Hubbard were 
formed, with four replicates. In the control treatment the chickens were fed with commercial mixtures 
of standard composition and quality based on corn flour and soybean meal. Experimental treatments 
were fed with the same commercial mixtures only with addition of spices. At the end of the experiment 
and on the basis of gained results it can be concluded that the chickens in experimental treatments 
with chili pepper achieved statistically significant (p<0.05) higher final body masses (2460.6 and 
2442.4 g) compared to the chickens in the control and other treatments. Chili pepper showed its 
positive effects in lowering the cholesterol levels in meat (24.7 g/100g in red meat), skin (87.4 g/100g) 
and liver (263.1 g/100g), while black pepper significantly (P<0.05) reduced lipid oxidation in breast 
(0.05 mg MDA/kg tissue) and thigh with drumstick (0.12 mg MDA/kg tissue). Based on obtained 
findings, it can be concluded that the dietary spices and herbs had positive effects in modification of 
cholesterol content and lipid oxidation process. 

 
Keywords: cholesterol, peroxidation, meat, fat, spices 

 
INTRODUCTION 
 
Herbs and medicinal plants as a natural foodstuffs appeal to all who question safety of 
synthetic food additives and demand high quality products that at the same time are safe and 
stable (Hedayati et al., 2013). Interest in plants, plant extracts and derived phytochemicals as 
dietary additives for poultry has been increased during the last decades (Khan et al., 2012; 
Puvača et al., 2013). Moreover, spice herbs and aromatic plants possess many antioxidants 
which are effective in preventing oxidative changes and, thus, can minimize off-odour 
production in meat (Najafi and Torki, 2010). The use of nutritional strategies in improving the 
proximate meat quality is a relatively new approach that has emerged at the interface of 
animal and food science from the fact that antibiotics as synthetic growth promoters have 
been banded for use. Nutritional approaches are often more effective than direct addition of 
the additive to meat since the compound is preferably deposited where it is most needed 
(Govaris et al., 2004).  

Saturated and monounsaturated fatty acids are common in animal fats, such as meat 
products (Ljubojević et al., 2015). Monounsaturated fatty acids are also abundant in certain 
vegetable oils. Monounsaturated oils are touted as the most favourable in the diet because 
they do not raise cholesterol as much as saturated fats do and they are less susceptible to 
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spontaneous oxidation than the polyunsaturated fatty acids (Puvača et al., 2014). Through 
the ages cholesterol evolved into essential component of animals, being metabolized into a 
wide range of useful substances in the body such as steroid hormones, vitamin D and bile 
salts which acts as detergents in the digestive system, emulsifying oils and fats to make it 
easier for lipases to do their job (Konjufca et al., 1997). Poultry are able to synthesize 
cholesterol from nutrients such as fatty acids, carbohydrates, or even from protein, 
depending on diet and the relative availability of each of these nutrient precursors 
(Shirzadegan and Falahpour, 2014). Cholesterol is constantly being moved as it is needed in 
one organ or another for many vital processes (Asztalos et al., 2000). Nearly 50% of the 
mass of low-density lipoprotein (LDL) is composed of cholesterol, and LDL seems to be the 
lipoprotein that is most prone to spontaneous oxidation (Chen et al., 2008).  

Oxygen is essential for survival, and the reaction with oxygen is known as oxidation, but 
beside its essentiality for life, it can cause damages to various cells (Min and Ahn, 2005). 
Three sensory and quality characteristics such as colour, texture, and flavour are the main 
attributes affecting meat consumer acceptance, and lipid peroxidation is the primary cause of 
these quality deteriorations in meat and meat products (Kostadinović et al., 2015). Lipid 
peroxidation primarily occurs through a free radical chain reaction, and oxygen is the most 
important factor on the development of lipid peroxidation in meat (Laudadio and Tufarelli, 
2011), through a free radical chain reaction that is comprised of three primary steps: 
initiation, propagation and termination (Min and Ahn, 2005). Lipid oxidation is an important 
determinant of shelf life of meat and meat products. Antioxidants are natural or synthetic 
substances used to prevent lipid oxidation. Meat protection, primarily against lipid 
components, is possible by adding antioxidants to feed mixtures (Marcinčák et al., 2005). 
This is a simple way to ensure oxidative stability of meat fats during the post slaughter 
processing of carcasses and storage of meat. 

Based on previous considerations, the aim of our experiment was to investigate the influence 
of garlic, black pepper and chili pepper as natural antioxidant dietary supplements in broiler 
chickens rations on meat cholesterol content and lipid oxidation. 

MATERIAL AND METHODS 

Biological tests with chickens were carried out under production conditions at the 
experimental farm "Pustara" at the Faculty of Agriculture in Novi Sad, Serbia. At the 
beginning of the experiment, a total of 1200 day-old Hubbard strain broilers were equally 
distributed into eight dietary treatments with four replicates each. Dietary treatments in the 
experiments were as follows: CON (Control diet), G-0.5 (Garlic powder 0.5 g/100g diet), G-
1.0 (Garlic powder 1.0 g/100g), BP-0.5 (Black pepper powder 0.5 g/100g), BP-1.0 (Black 
pepper powder 1.0 g/100g), HRP-0.5 (Hot red pepper 0.5 g/100g), HRP-1.0 (Hot red pepper 
1.0 g/100g) and MX-0.5 (Mixture of spices at the ratio of 1:1:1 in total amount of 0.5 g/100g). 
Feeding program included three-phase diet as starter, grower and finisher, respectively 
(Table 1). During the whole trial feed and water were provided ad libitum. Rearing and 
housing conditions were previously described in detail by Puvača et al. (2015). 

At the end of 42nd day of the experiment, 12 broiler chickens, six male and six female of an 
average body weight of each treatment group were selected for meat quality evaluations. 
Before slaughtering, broiler chickens were starved for 12 h. Upon slaughter, dressed cold 
carcasses were dissected into primal cuts such as breast, thighs with drumsticks, wings, 
back, head, neck and legs following the method prescribed by the Regulation on Poultry 
Meat Quality (Official Gazette of the SFRY No. 1/81 and 51/88). After 24 hours post-mortem 
samples of breast (Musculus pectoralis) and thigh with drumstick (Tibialis anterior and 
Biceps femoris), skin (from breast and thigh with drumstick) and liver (Right lobe) were 
further analysed for their cholesterol content and lipid oxidation. 
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Table 1. Composition and energy content of the starter, grower and finisher diets excluding the added 
spices (Spice herbs were added on top on the basal diet) 

Nutrients, % of as-fed basis 
Diet mixtures 

Starter Grower Finisher 

Moisture 10.5 10.7 10.5 

Crude protein 21.1 20.7 17.3 

Crude fat 3.9 3.9 4.7 

Crude  fibre 3.5 3.5 3.6 

Crude ash 5.0 4.8 5.6 

Ca 0.8 0.9 1.1 

P 0.6 0.6 0.5 

Metabolisable Energy, MJ/kg 12.5 12.8 13.3 

 
Statistical analyses were conducted using statistical software program Statistica 12 for 
Windows, to determine if variables differed between treatments. Significant effects were 
further evaluated using analysis of variance (ANOVA), least square means (LSM) and 
standard errors of least square means (SELSM). Fisher's LSD post-hoc multiple range test 
with Bonferroni corrections were used to ascertain differences among treatments. A 
significance level of p<0.05 was used. 

 
RESULTS AND DISCUSSION 
 
Significant influence of dietary garlic, black pepper and chili pepper on cholesterol content 
(p<0.05) of breast, thigh with drumstick, skin and liver can be observed in Table 2. The 
highest content of cholesterol was observed in breast, thigh with drumstick, skin and liver of 
chickens fed control treatment. The lowest content of cholesterol in breast meat was 
observed in chickens from treatments with the higher inclusion of spice herbs 1.0 g/100g of 
black pepper, chili pepper  and garlic without no differences (p>0.05) between themselves, 
but significant (p<0.05) if compared to other treatments. Addition of lower levels of spices to 
chicken diet resulted also in significant (p<0.05) reduction of cholesterol content in breast 
meat compared to control dietary treatment. The highest influence in lowering cholesterol 
content in thigh with drumstick was found in treatments with higher levels of spice addition, 
followed by the spice mixture treatment, respectively. As in breast meat, significant (p<0.05) 
differences were observed also in red meat. All spices led to significant (p<0.05) reduction in 
skin cholesterol content, but the highest reduction was recorded in treatment HRP-1.0. As 
the main target organ for the studies of xenobiotic liver showed highest cholesterol 
deposition compared to breast meat, thigh with drumstick and skin. Among all dietary 
treatments, a statistically significant (p<0.05) reduction of cholesterol, as well as compared 
with control treatment, was observed.  
 
Table 2. Least squares means of cholesterol content in breast, thigh with drumstick, skin and liver 
(mg/100g) 

Experimental treatments 
Cholesterol content 

Breast Thigh with drumstick Skin Liver 

CON 68.8
a
 84.0

a
 137.7

a
 565.5

a
 

G-0.5 60.5
b
 52.9

b
 122.3

b
 502.9

b
 

G-1.0 41.4
e
 46.4

b
 97.5

d
 474.0

d
 

BP-0.5 54.3
c
 37.8

c
 122.2

b
 493.6

c
 

BP-1.0 40.1
e
 30.7

d
 100.6

c
 393.2

e
 

HRP-0.5 53.0
c
 25.8

d
 95.5

d
 335.9

g
 

HRP-1.0 41.2
e
 24.7

d
 87.4

f
 263.1

h
 

MX-0.5 44.1
d
 24.8

d
 93.7

e
 345.5

f
 

Pooled SELSM 0.81 2.33 0.75 2.09 
Means in the same column with a common superscript letter or with no superscripts are not significantly different 
(p<0.05) 
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The available literature is limited regarding changes in muscle cholesterol due to the effect of 
cholesterol-reducing agents such as black pepper and chili pepper, especially in poultry. 
Konjufca et al. (1997) reported cholesterol concentrations are higher in thigh than breast 
meat when chicken fed garlic powder addition. A possible explanation could be that the 
cholesterol is usually associated with adipose tissue, which is more abundant in thigh than in 
breast meat. Moreover, thigh meat has a much greater content of slow-twitch fibres than 
breast meat which has many more big mitochondria, and the metabolic rate is much faster in 
comparison to fast-twitch fibres. In our experiment garlic powder significantly decrease 
cholesterol levels in breast meat, thigh with drumstick, skin and liver compared to control 
treatment, while the peppers have higher influence compared to garlic. 
Table 3 shows breast and thigh with drumstick meat and liver antioxidant indices of broiler 
chickens.  

Table 3. Least squares means of concentration of TBARS (mg MDA/kg tissue) of breast, thigh with 
drumstick and liver 24 hours post-mortem 

Experimental treatments 
TBARS 

Breast Thigh with drumstick Liver 

CON 0.68
a
 1.37

a
 1.89

a
 

G-0.5 0.38
b
 0.34

d
 0.48

e
 

G-1.0 0.36
c
 0.27

e
 0.53

c
 

BP-0.5 0.10
g
 0.29

e
 0.37

f
 

BP-1.0 0.05
h
 0.12

f
 0.13

h
 

HRP-0.5 0.23
d
 0.39

c
 0.50

d
 

HRP-1.0 0.17
f
 0.36

d
 0.31

g
 

MX-0.5 0.20
e
 0.43

b
 0.62

b
 

Pooled SELSM 0.01 0.01 0.01 
Means in the same column with a common superscript letter or with no superscripts are not significantly different 
(p<0.05) 

The concentration of MDA was significantly lower (p<0.05) in the treatments supplemented 
with different levels of dietary spices than the control treatment. Concentration of MDA in all 
investigated tissues was significantly (p<0.05) affected by dietary treatments. In this 
experiment it was found significantly (p<0.05) lower lipid peroxidation in tissues of broiler 
chickens fed diet supplemented with garlic, black pepper and chili pepper. Additionally, MDA 
concentration was decreasing with increase of spice level in feed. This shows that presence 
of spice has an impact on lowering lipid peroxidation. These measurements were used since 
they reflect the effect of garlic, black pepper and chili pepper on antioxidant activities. First, 
MDA can endogenously reflect lipid peroxidation, which is the consequence of diminished 
antioxidant protection as levels of reactive oxygen species (ROS) increase. Dietary addition 
of black pepper to chicken ration showed the highest reduction in MDA concentration in 
tissues (p<0.05). The digestive tract itself is considered to be a major site of free radical 
production in poultry and some of them might be delivered via portal blood system into the 
liver and meat. In present study, results show that dietary spices have an effect on the liver 
function and concentration of MDA in liver and meat. The reported results indicate that these 
spices have meat and liver protective effects. 
 

CONCLUSIONS 
 
From reported findings, it can be concluded that the dietary addition of garlic, black pepper 
and chili pepper to broiler diet resulted an in improvement of meat quality, in lower 
cholesterol content, as well as in decrease in lipid oxidation of meat. In overall, the addition 
of chili pepper reduced cholesterol level in tissues, whereas mixture of the three spices 
acting synergistically in lowering cholesterol and decreasing lipid oxidation process. 
Furthermore, this trial showed significant effect of selected spices in chicken nutrition as 
powerful antioxidants in alteration of chicken meat quality and safety. Thus, spices, medicinal 
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plants and aromatic herbs acted as very effective natural instruments, and could usefully 
serve as alternative to antibiotics, growth promoters and to improve meat quality; however, 
further investigation of their beneficial mechanisms is necessary. 
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