
199

Aleksandar V. Petrović et al., The effects of Prokupac variety clones and vinification method on the quantity of resveratrol in 
wine, Food and Feed Research, 46 (2), 189-198, 2019 

of skin maceration time on the phenolic com-
position and antioxidant activity of red wine 
Teran (Vitis vinifera L.). Food Techno-
logy and Biotechnology, 50, 152−158.  

27. Rodríguez-Delgado, M., González, G., Pérez-
Trujillo, J., García-Montelongo, F. (2002). 
Trans-resveratrol in wines from the Canary 
Islands (Spain). Analysis by high performance 
liquid chromatography. Food Chemistry, 76, 
371−375. 

28. Romero-Pérez, A., Lamuela-Raventós, R., Wa-
terhouse A., Torre-Boronat, M. (1996). Levels 
of cis- and trans-resveratrol and their gluco-
sides in white and rosé Vitis vinifera wines from 
Spain. Journal of Agricultural and Food Che-
mistry, 44, 2124−2128. 

29. Sener, H., Yildirium, H.K. (2012). Influence of 
different maceration time and temperatures on 
total phenols, colour and sensory properties of 
Cabernet Sauvignon wines. Food Science and 
Technology International, 19, 523−533. 

30. Soleas, G., Diamandis, E., Goldberg, D. (1997). 
Resveratrol: A molecule whose time has come? 
And gone? Clinical Biochemistry, 30, 91–113. 

31. Stabinger, H., Leopold, H., Kratky, O. (1967). 
Eine neue Methode zur Präzisionsmessung der 
Dichte von Flüssigkeiten. Monatshefte für 
Chemie, 98, 436–438. 

32. Tan, J., Wang, B., Zhu, L. (2009). DNA binding 
oxidative DNA damage induced by qercentine 
copper(II) complex: potential mechanism of its 
antitumor properties.  Journal of Biological Inor-
ganic Chemistry, 14, 727−739.  

33. Tanner, H., Brunner, H. (1979). Getränke-Ana-
lytik, Scheinfeld Verlag Heller Chemie- und 
Verwaltungsgesellschaft mbH, Schwabisch 
Hall, Germany, p. 24. 

34. Vitrac, X., Monti, J., Vercauteren, J., Deffieux, 
G., Mérillon, J. (2002). Direct liquid chromate-
graphic analysis of resveratrol derivatives and 
flavanonols in wines with absorbance and 
fluorescence detection. Analytica Chimica Acta, 
458, 103–110. 

 
 
 

УТИЦАЈ ВРСТЕ КЛОНА ПРОКУПЦА И ПОСТУПКА ВИНИФИКАЦИЈЕ НА 
САДРЖАЈ РЕЗВЕРАТРОЛА У ВИНУ 

Александар В. Петровић*1, Николина М. Лисов1, Урош Д. Чакар*2, Небојша Р. Марковић1, Саша 
М. Матијашевић1, Јелена М. Цвејић3, Милица Т. Атанацковић3, Љиљана C. Гојковић Букарица4 

1 Универзитет у Београду, Пољопривредни факултет, Катедра за прехрамбену технологију и 
биохемију, 11080 Земун, Немањина 6, Србија 

2 Универзитет у Београду, Фармацеутски факултет, Катедра за броматологију, 11000 Београд, 
Војводе Степе 450, Србија. 

3 Универзитет у Новом Саду, Медицински факултет, Катедра за фармацију, 21000 Нови Сад, 
Хајдук Вељкова 3, Србија 

4 Универзитет у Београду, Медицински факултет, Катедра за фармакологију, токсикологију и 
клиничку фармакологију, 11129 Београд, Поштански фах 840, Србија 

 
Сажетак: Циљ овог истраживања био је да се испита утицај различитих клонова 

аутохтоне српске сорте Прокупац као и поступак винификације на садржај trans- и cis- 
резвератрола и садржај укупних полифенола (СУП) у винима. Вина су произведена од четири 
клона сорте Прокупац (PR1, 40/1, PR6 и PR7) применом различитих дужина трајања мацерације 
(1, 5 и 10 дана) за сваки клон. Такође је испитиван утицај различитих изабраних квасаца и 
ензимских препарата гликозидаза на садржај резвератрола и СУП у винима произведеним од 
клона PR6. Садржај trans- и cis- резвератрола је одређен HPLC методом са UV детектором уз 
претходну течно чврсту екстракцију (SPE). Одређивање СУП је урађено методом по Фолин-
Чокалтеу. Садржај trans- резвератрола је био од 0,27 mg/L до 1,46 mg/L. Највиши садржај 
резвератрола је био у клону PR6 док је најнижи PR7. Повећање садржаја резвератрола и СУП 
је примећено код свих клонова када је мацерација дуже трајала. Вино произведено применом 
ензимског препарата гликозидаза β и квасца 299 је имало највиши садржај укупног резвертрола 
(4,23 mg/L). Највиши СУП је био у винима произведеним применом ензимског препарата 
гликозидаза ОЕ и квасца 299. Добијени резултати указују да је избором одговарajућег клона, 
дужине мацерације, применe одговарајућег квасца и ензимског препарата могуће повећати 
садржај резвератрола и других фенолних једињења у вину.  
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ABSTRACT: Table eggs can play an important role as functional food, especially if specially designed 
mixtures enriched with ω-3 fatty acids, natural pigments and vitamins are used for their production. 
Thus, the aim of this study was to investigate the effects of inclusion of flax-corn meal co-extrudate 
(FCM) in combination with natural pigments in hens’ diet on physical properties, yolk colour and fatty 
acid composition of eggs. 
One hundred and twenty Lohmann Brown laying hens were fed corn-soybean meal based diet with 
the addition of FCM at different levels: 0% (control C1 and C2), 13.50% experimental treatment (E1) 
and 22.50% experimental treatment (E2). The control treatment (C1) contained up to 3% fat, without 
added pigments while the control treatment (C2) contained up to 5% fat and synthetic pigments. 
Experimental treatments E1 and E2 (3% and 5% fat, respectively) had the same amount of natural 
pigments (1% carrot and 0.5% paprika). When compared with control eggs, no significant changes 
(p>0.05) in the egg quality characteristics were observed for E1 and E2 eggs. Desirable egg yolk 
colour of 12.78 RYCF (Roche Yolk Colour Fan scale) was achieved in the treatments E1 and E2. 
Eggs from hens fed FCM had significantly higher level (p<0.001) of α-linolenic (6.46% for E1 and 
8.87% for E2), docosahexaenoic (2.01% for E1 and 2.08% for E2) and eicosapentaenoic (0.17% for 
E1 and 0.21% for E2) acids in comparison to eggs originated from hens fed control diets. The ω-6/ω-3 
ratios of 1.43 and 1.01 in the treatments E1 and E2, respectively, were significantly lower (p<0.001) 
than ω-6/ω-3 ratios in the control treatments C1 and C2 (9.40 and 8.88, respectively). The content of 
tocopherol in eggs from the experimental treatments E1 and E2 were 6 and 8 times higher than in 
eggs from the control treatment C1 as well as 1.8 and 2.3 times higher than in eggs from the control 
treatment C2, respectively. By the addition of FCM and natural pigments in hens’ diet, it is possible to 
produce functional egg with desirable colour and fatty acid composition. 

Key words: flax-corn meal co-extrudate, carrot, paprika, polyunsaturated fatty acids, ω-6/ω-3 ratio, 
tocopherols 

INTRODUCTION 

Nowadays there are numerous scientific 
research related to food and its health 
benefits, as well as relation between con-
sumption of some functional food and the 
reduction of the risk of serious chronic di-
seases. According to definition, the term 
functional food is described as food which 
contains active compounds that further 

have positive influence on physiological 
processes in organism and beneficial ef-
fects on human health. The functional food 
has to contain higher amount of some 
compounds, which positively influence hu-
man health. In the case where it isn’t na-
turally contained in sufficient amount, fun-
ctional food must be further enriched with 
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these compounds. Since ancient time, eg-
gs have been considered as very valuable 
food source, which is, due to its low price, 
worldwide consumed and available. Nu-
tritive profile of eggs can be easily en-
riched with omega-3 polyunsaturated fatty 
acid (ω-3, PUFA), minerals and vitamins 
by addition of these compounds in laying 
hen diet.  

During the last few years, many studies 
have shown that some specific com-
pounds that have positive health influence 
could be transported from laying hen diet 
to yolk (Bean and Leeson, 2003; Khan et 
al. 2012) and increase in human nutrition 
as well. This is of high interests, since 
omega-3 PUFA of long chain have shown 
variable positive effects including preven-
tion of cardiovascular diseases, arthritis 
and diabetes (Simopoulos, 2000; Wang et 
al. 2004). α-linolenic acid (ALA, C18: 3n-
3), eicosapentaenoic acid (EPA, C20: 5n-
3) and docosahexaenoic acid (DHA, C22: 
6n-3) are the most important ω-3 PUFA. 
ALA is a very important fatty acid (FA), 
precursor for EPA and DHA synthesis, 
which cannot be synthesized in human 
body and the only way for its intake is 
through food (Whelan and Rust, 2006). 
Because of that this fatty acid is called 
essential and considering the small and 
insufficient synthesised amounts of EPA 
and DHA, these acids are called condi-
tionally essential fatty acids and it is ne-
cessary to take it additionally through food. 
These compounds have multiple roles in 
the proper functioning of the human body. 
They are responsible for proper child brain 
development, resistance to different aller-
gies, autoimmune disease, cardiovascular 
problems and inflammatory processes 
(Sierra et al., 2008).  

One of the solutions to produce functional 
eggs is adding a flaxseed or its products in 
laying hens diet. Despite its high nutritional 
value, flaxseed is insufficiently used in ani-
mal feed production due to the presence 
of antinutritional factors, primarily cyano-
genic glycosides (Htoo et al., 2008).  Ther-
mal processes that use heating with ad-
dition of water or steam such as pelleting, 
extruding, autoclaving and microwaving 
are mostly used for detoxification of flex-
seed (Htoo et al., 2008, Ivanov et al., 

2012). After thermal treatment, obtained 
product is sensitive to oxidation processes 
and polymerization. Therefore, in order to 
protect the product it is necessary to add 
antioxidants, vitamin E and different poly-
phenolic compounds (Tepe et al., 2005, 
Kulisić et al., 2004).  

Although yolk colour has no influence on 
the taste of the egg or on the content of 
nutritional compounds, the yolk colour is 
one of the most important attributes of 
sensory quality, and many consumers 
rather prefer eggs with darker yolk colour. 
The yolk colour also depends on laying 
hen diet and it can be affected by caro-
tenoid addition. Since higher amount of 
carotenoids have shown numerous po-
sitive influence on health, eggs are con-
sidered as foodstuff which is very suitable 
for the transfer of carotenoids in the hu-
man chain food (Skrivan and Englmaie-
rova, 2014).  

The main goal of the present study was to 
investigate the possibility of designing fun-
ctional eggs by incorporating to hens' diet 
flaxseed products as a source of ω-3 fatty 
acids and natural pigments as co-louring 
agents and to determine their effects on 
egg quality parameters and yolk colour. 

MATERIALS AND METHODS 
The feeding trial was conducted on 120 
Lohmann Brown laying hens for one 
month. Hens were divided into four 
treatments (2 control and 2 experimental) 
with a total of thirty hens. The birds were 
housed in wire cages with feed and water 
available ad libitum. The samples were 
collected on 30th day of the experiment.  

The laying hens in control treatments were 
fed corn-soybean meal basal diet. In the 
first control treatment C1 (which contained 
up to 3% fat) pigments were not added, 
while the second control treatment C2 
(with 5% fat) contained synthetic pigments 
(0.04 g/kg carophyll red and 0.015 g/kg 
carophyll yellow). In the first experimental 
treatment (E1) 13.50% of flax-corn meal 
co-extrudate (FCM) was added (3% fat), 
while in the second experimental treat-
ment (E2) 22.50% of FCM was added (5% 
fat). In the both experimental treatment, 
total fat content originated from FCM.  
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Table 1.  
Composition of control and experimental diet and chemical analysis of the feed 

Ingredients (%) 
Control and experimental diet 

C1 C2 E1 E2 
Corn 57.60 55.40 - - 
Corn meal  - - 46.70 40.30 
Co-extruded flaxseed - - 13.50 22.50 
Soybean meal  20.00 20.00 17.20 14.60 
Sunflower meal - 33% protein 8.50 9.00 8.50 8.50 
Soybean oil 1.30 3.00 - - 
Yeast 2.00 2.00 2.00 2.00 
Monocalcium phosphate 1.20 1.20 1.20 1.20 
Sodium bicarbonate 0.10 0.10 0.10 0.10 
Premix  1.00 1.00 1.00 1.00 
Limestone 8.00 8.00 8.00 8.00 
Salt 0.30 0.30 0.30 0.30 
Synthetic pigmenta (g/kg) - 0.06   
Paprika - - 0.50 0.50 
Carrot - - 1.00 1.00 
Nutrient composition (%)     
Dry  89.55 89.81 90.35 91.01 
Crude protein 15.87 15.93 16.07 15.98 
Crude fat 3.86 5.51 3.90 5.75 
Crude ash 11.56 11.26 11.67 11.14 
Crude fibre 5.69 6.17 4.63 5.11 
Calcium 3.53 3.64 3.56 3.67 
Total phosphorus 0.52 0.53 0.54 0.53 
Metabolizable energyb (MJl/kg) 11.57 11.62 11.55 11.73 

aControl treatment C2 contains: 0.04 g/kg carophyll red and 0.015 g/kg carophyll yellow 
bMetabolisable energy was calculated mathematically using software package PanonMix©2013designed for 
animal feed mixture formulation 

With the addition of FCM in the amount of 
13.50% and 22.50% in a final mixture, the 
content of vitamin E in treatment E1 and 
E2 was 224 and 372.4 mg per kg of feed, 
respectively. The same amounts of natural 
source of pigments were added in both 
experimental treatments instead of syn-
thetic pigments. Based on the preliminary 
results of the study by Spasevski et al. 
(2018), it was decided to use a combina-
tion of 1% carrot and 0.5% paprika. The 
composition and chemical analysis of 
control and experimental diets are presen-
ted in Table 1. 
Chemical analysis 
The content of moisture, crude protein, 
crude ash, crude fat, and crude fibre were 
determined according to AOAC (1998), 
methods 934.01; 978.04; 942.05: 920.39 
and 978.10, respectively. 

Fatty acid analysis  
The extraction of total lipids from egg yolk 
was conducted according to the method of 
Folch et al. (1957). Fatty acid methyl es-
ters were prepared from total lipid extract 
using 14% methanol solution of bortri-
fluoride. Analysis of fatty acids in the sam-
ples was performed by gas chromate-
graphy on an Agilent 7890A system (Agi-
lent Technologies, Santa Clara, CA, USA) 
as described by Spasevski et al. (2016). 
The GC regime was previously described 
by Čolović et al. (2015).  
Analysis of total tocopherols in egg yolks 
After the saponification of samples with 
aqueous solution of KOH (3 mL) and 95% 
ethanol (20 mL), total tocopherols from 
egg yolk were extracted with cold deio-
nized water and hexane. The obtained 
samples were analysed by high pressure 
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these compounds. Since ancient time, eg-
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6n-3) are the most important ω-3 PUFA. 
ALA is a very important fatty acid (FA), 
precursor for EPA and DHA synthesis, 
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body and the only way for its intake is 
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Because of that this fatty acid is called 
essential and considering the small and 
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and DHA, these acids are called condi-
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cessary to take it additionally through food. 
These compounds have multiple roles in 
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problems and inflammatory processes 
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One of the solutions to produce functional 
eggs is adding a flaxseed or its products in 
laying hens diet. Despite its high nutritional 
value, flaxseed is insufficiently used in ani-
mal feed production due to the presence 
of antinutritional factors, primarily cyano-
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mal processes that use heating with ad-
dition of water or steam such as pelleting, 
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are mostly used for detoxification of flex-
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2012). After thermal treatment, obtained 
product is sensitive to oxidation processes 
and polymerization. Therefore, in order to 
protect the product it is necessary to add 
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phenolic compounds (Tepe et al., 2005, 
Kulisić et al., 2004).  

Although yolk colour has no influence on 
the taste of the egg or on the content of 
nutritional compounds, the yolk colour is 
one of the most important attributes of 
sensory quality, and many consumers 
rather prefer eggs with darker yolk colour. 
The yolk colour also depends on laying 
hen diet and it can be affected by caro-
tenoid addition. Since higher amount of 
carotenoids have shown numerous po-
sitive influence on health, eggs are con-
sidered as foodstuff which is very suitable 
for the transfer of carotenoids in the hu-
man chain food (Skrivan and Englmaie-
rova, 2014).  

The main goal of the present study was to 
investigate the possibility of designing fun-
ctional eggs by incorporating to hens' diet 
flaxseed products as a source of ω-3 fatty 
acids and natural pigments as co-louring 
agents and to determine their effects on 
egg quality parameters and yolk colour. 

MATERIALS AND METHODS 
The feeding trial was conducted on 120 
Lohmann Brown laying hens for one 
month. Hens were divided into four 
treatments (2 control and 2 experimental) 
with a total of thirty hens. The birds were 
housed in wire cages with feed and water 
available ad libitum. The samples were 
collected on 30th day of the experiment.  

The laying hens in control treatments were 
fed corn-soybean meal basal diet. In the 
first control treatment C1 (which contained 
up to 3% fat) pigments were not added, 
while the second control treatment C2 
(with 5% fat) contained synthetic pigments 
(0.04 g/kg carophyll red and 0.015 g/kg 
carophyll yellow). In the first experimental 
treatment (E1) 13.50% of flax-corn meal 
co-extrudate (FCM) was added (3% fat), 
while in the second experimental treat-
ment (E2) 22.50% of FCM was added (5% 
fat). In the both experimental treatment, 
total fat content originated from FCM.  
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using 14% methanol solution of bortri-
fluoride. Analysis of fatty acids in the sam-
ples was performed by gas chromate-
graphy on an Agilent 7890A system (Agi-
lent Technologies, Santa Clara, CA, USA) 
as described by Spasevski et al. (2016). 
The GC regime was previously described 
by Čolović et al. (2015).  
Analysis of total tocopherols in egg yolks 
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liquid chromatography (Waters M600E, 
USA). The HPLC regime was set accor-
ding to Rabrenović et al. (2016). 

Visual and instrumental methods for deter-
mination of yolk colour 
The colour of the egg yolks was deter-
mined visually and instrumentally. Visual 
colour determination was carried out with 
the RYCF scale (Hoffmann-La Roche Ltd, 
Basel, Switzerland), where the colour 
values range from 15 (dark orange) to 1 
(light pale). A Minolta Chroma Meter 
(Model CR-400, Minolta Co., Osaka, 
Japan) was used for instrumental mea-
surement of yolk colour. The results are 
presented according to the CIELab colour 
system, where the colour values were 
expressed as L* (lightness), a* (red-
ness/greenness) and b* (yellowness/blue-
ness). The content of β-carotene was de-
termined by the spectrophotometric me-
thod according to Spasevski et al. (2016). 
Acetone was used for extraction and the 
results were expressed as μg of β-caro-
tene per g of the sample.  
Statistical analysis 

The results (mean ± standard deviations) 
were expressed by one-way analysis of 
variance (ANOVA) using Statistics soft-
ware version 13 (Statsoft Inc. 2013, USA). 
Significant differences among treatment 
means were analysed by Tukey’s HSD 
tests. The data means were considered 
significant at p <0.05. 

RESULTS AND DISCUSSION 
Table 2 shows the influence of laying 
hens` nutrition during four weeks of fe-
eding on the egg quality characteristics. It 
could be observed that the addition of co-
extruded flaxseed and natural pigments in 
laying hens' diet did not negatively affect 
the physical characteristics of the eggs, 
because no significant (p>0.05) changes 
were obtained between eggs in control 
and experimental groups.  
These results are in agreement with fin-
dings of others (Bean and Leeson, 2003, 
Ahmad et al., 2013, Cherian and Que-
zada, 2016) who reported that addition of 
flaxseed in laying hens' diet had no effect 
on egg performance and with Lokaew-
manee et al. (2010) and Rowghani et al. 

(2006) who reported no influence of pa-
prika addition on egg quality properties. 
The influence of dietary FCM, carrot and 
paprika on egg yolk colour is presented in 
Table 3. After 30 days of feeding trial, the 
values obtained according to RYCF, β-
carotene content and redness (a*) were 
significantly higher (p <0.05) in both ex-
perimental treatments (E1 and E2) com-
pared to control treatment C1, and signify-
cantly lower (p <0.05) compared to control 
treatment C2 (except content of β-ca-
rotene). However, no changes in yellow-
ness (b*) and lightness (L*) index were ob-
served between the treatments. β-ca-
rotene content which was the highest in 
eggs from hens fed control treatment C2 
(containing synthetic pigments) accounted 
to 55.15 μg/g. This level of β-carotene was 
higher but not statistically significant 
(p>0.05) than that following the experi-
mental treatments E1 and E2. Similar re-
sults obtained in both experimental treat-
ments indicated that colour of egg yolk did 
not depend on the addition of co-extruded 
flaxseed (13.50% in E1; 22.50% in E2) in 
laying hens diet but only on carrot and 
paprika addition. The fatty acid compo-
sition of egg yolk is shown in Table 4. As it 
can be seen, with the addition of FCM in 
hen´s diet, the content of total saturated 
fatty acids, SFA (C14:0, C16:0, C18:0) 
was significantly lower (p<0.01) in the 
experimental treatments E1 (28.78%) and 
E2 (30.10%) in comparison with the con-
trol treatments C1 (40.21%) and C2 
(38.97%), which is highly desirable con-
cerning their negative effects on human 
health. This reduction of SFA in egg yolk 
can be explained by the reduction of pal-
mitic acid, which is the major SFA. The 
content of other SFA was not significantly 
different (p>0.05), except for stearic acid 
in the experimental treatment E1 in com-
parison with C1 and C2. These results are 
in accordance with previous research data 
(Baucells et al., 2000; Kralik et al., 2008; 
Oliveira et al., 2010; Mattioli et al., 2017).  
However, the addition of FCM in hen´s diet 
resulted in a significant increase (p<0.001) 
in the content of total monounsaturated 
fatty acids, MUFAs (C18:1) and polyunsa-
turated fatty acids, PUFAs (C18:2ω-6, 
C18:3ω-3, C20:5ω-3 and C22:6ω-3) in 
egg yolks. 
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Table 2.  
Effect of dietary inclusion of FCM on egg quality after 30 days of feeding  

Physical properties C1 C2 E1 E2 

 Egg weight, (g) 66.50 ± 4.5a 67.55 ± 4.6a 66.48 ± 3.2a 64.17 ± 6.7a 

Yolk weight, (g) 17.59 ± 2.1a 16.81 ± 0.7a 16.58 ± 1.0a 16.12 ± 2.3a 

Albumen weight,(g) 43.26 ± 1.9a 44.04 ± 4.3a 44.03 ± 3.9a 46.08 ± 2.2a 

Shell weight, (g) 7.45 ± 0.8a 7.82 ± 0.9a 6.76 ± 0.6a 6.86 ± 0.7a 

Shell thickness, (mm) 0.34 ± 0.55a 0.35 ± 0.07a 0.34 ± 0.04a 0.33 ± 0.05a 

Yolk index 40.92 ± 2.3a 44.76 ± 3.0a 40.91 ± 2.0a 44.23 ± 3.7a 

Yolk pH 6.04 ± 0.01a 6.02 ± 0.01a 6.01 ± 0.03a 6.04 ± 0.07a 

Albumen pH 8.86 ± 0.06a 8.82 ± 0.04a 8.71 ± 0.10a 8.69 ± 0.11a 
a Identical superscript letters within a row indicate no significant difference between means in observed data (at 
p>0.05 level); 
C1 and C2- control treatments, E1 and E2 – experimental treatments 

Table 3. 
Effect of dietary inclusion of FCM, carrot and paprika on yolk colour after 30 days of feeding  
Variable C1 C2 E1 E2 

L* 51.47 ± 1.7a 48.81 ± 1.7a 50.21 ± 2.3a 49.42 ± 2.5a 
a* 0.56 ± 0.8a 13.32 ± 0.7c 9.96 ± 1.6b 10.26 ± 2.0b 
b* 38.08 ± 3.2a 36.20 ± 3.8a 38.64 ± 2.5a 37.69 ± 4.8a 
β-carotene (µg/g) 29.97 ± 0.4a 55.15 ± 3.3b 50.09 ± 5.0b 49.25 ± 3.3b 
RYCF 8.28 ± 0.9a 14.17 ± 0.7c 12.78 ± 0.7b 12.78 ± 0.7b 

a-c Different superscript letters in a row indicate significantly different means in observed data (at p<0.05 level); 
C1 and C2- control treatments, E1 and E2 – experimental treatments 

Table 4. 
Content of fatty acids in egg yolk after 30 days of the feeding  

Fatty acid C1 C2 E1 E2 

C14:0 0.31 ± 0.02a 0.27 ± 0.02a 0.27 ± 0.04a 0.22 ± 0.02a 
C16:0 28.26 ± 0.22b 26.79 ± 0.26b 20.12 ± 1.64a 19.55 ± 0.20a 
C18:0 11.07 ± 0.11b 11.46 ± 0.22b 8.27 ± 1.71a 10.14 ± 2.01ab 
C18:1ω-9 42.12 ± 1.30a 41.85 ± 1.16a 47.32 ± 0.88b 44.96 ± 0.53b 
C18:2ω-6 13.19 ± 0.74a 14.90 ± 1.14a 12.28 ± 2.02a 11.25 ± 1.84a 
C18:3ω-3 0.77 ± 0.08a 0.98 ± 0.11a 6.46 ± 0.35b 8.87 ± 0.26b 
C20:5ω-3 0.03 ± 0.01a 0.04 ± 0.01a 0.17 ± 0.05b 0.21 ± 0.02b 
C22:6ω-3 0.62 ± 0.11a 0.69 ± 0.08a 2.01 ± 0.36b 2.08 ± 0.05b 

SFA 40.21 ± 0.19b 38.97 ± 0.28b 28.78 ± 3.35a 30.10 ± 2.34a 
MUFA 44.91 ± 1.14ab 43.97 ± 1.02a 50.20 ± 1.39c 47.25 ± 0.47b 
PUFA 14.87 ± 0.95a 17.00 ± 0.83a 21.02 ± 1.96b 22.50 ± 2.07b 
∑ ω-6 13.33 ± 0.75a 15.04 ± 1.14a 12.38 ± 1.43a 11.30 ± 1.35a 
∑ ω-3 1.42 ± 0.18a 1.71 ± 0.20a 8.64 ± 0.04b 11.15 ± 0.16c 
ω-6/ω -3 9.40 ± 0.69b 8.88 ± 1.69b 1.43 ± 0.17a 1.01 ± 0.11a 
a-c Different superscript letters in a row show significantly different means in observed data (at p<0.05 level); C1 
and C2- control treatments, E1 and E2 – experimental treatments; SFA - saturated fatty acid; 
MUFA - monounsaturated fatty acids; PUFA – polyunsaturated fatty acids 
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liquid chromatography (Waters M600E, 
USA). The HPLC regime was set accor-
ding to Rabrenović et al. (2016). 
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termined by the spectrophotometric me-
thod according to Spasevski et al. (2016). 
Acetone was used for extraction and the 
results were expressed as μg of β-caro-
tene per g of the sample.  
Statistical analysis 

The results (mean ± standard deviations) 
were expressed by one-way analysis of 
variance (ANOVA) using Statistics soft-
ware version 13 (Statsoft Inc. 2013, USA). 
Significant differences among treatment 
means were analysed by Tukey’s HSD 
tests. The data means were considered 
significant at p <0.05. 

RESULTS AND DISCUSSION 
Table 2 shows the influence of laying 
hens` nutrition during four weeks of fe-
eding on the egg quality characteristics. It 
could be observed that the addition of co-
extruded flaxseed and natural pigments in 
laying hens' diet did not negatively affect 
the physical characteristics of the eggs, 
because no significant (p>0.05) changes 
were obtained between eggs in control 
and experimental groups.  
These results are in agreement with fin-
dings of others (Bean and Leeson, 2003, 
Ahmad et al., 2013, Cherian and Que-
zada, 2016) who reported that addition of 
flaxseed in laying hens' diet had no effect 
on egg performance and with Lokaew-
manee et al. (2010) and Rowghani et al. 

(2006) who reported no influence of pa-
prika addition on egg quality properties. 
The influence of dietary FCM, carrot and 
paprika on egg yolk colour is presented in 
Table 3. After 30 days of feeding trial, the 
values obtained according to RYCF, β-
carotene content and redness (a*) were 
significantly higher (p <0.05) in both ex-
perimental treatments (E1 and E2) com-
pared to control treatment C1, and signify-
cantly lower (p <0.05) compared to control 
treatment C2 (except content of β-ca-
rotene). However, no changes in yellow-
ness (b*) and lightness (L*) index were ob-
served between the treatments. β-ca-
rotene content which was the highest in 
eggs from hens fed control treatment C2 
(containing synthetic pigments) accounted 
to 55.15 μg/g. This level of β-carotene was 
higher but not statistically significant 
(p>0.05) than that following the experi-
mental treatments E1 and E2. Similar re-
sults obtained in both experimental treat-
ments indicated that colour of egg yolk did 
not depend on the addition of co-extruded 
flaxseed (13.50% in E1; 22.50% in E2) in 
laying hens diet but only on carrot and 
paprika addition. The fatty acid compo-
sition of egg yolk is shown in Table 4. As it 
can be seen, with the addition of FCM in 
hen´s diet, the content of total saturated 
fatty acids, SFA (C14:0, C16:0, C18:0) 
was significantly lower (p<0.01) in the 
experimental treatments E1 (28.78%) and 
E2 (30.10%) in comparison with the con-
trol treatments C1 (40.21%) and C2 
(38.97%), which is highly desirable con-
cerning their negative effects on human 
health. This reduction of SFA in egg yolk 
can be explained by the reduction of pal-
mitic acid, which is the major SFA. The 
content of other SFA was not significantly 
different (p>0.05), except for stearic acid 
in the experimental treatment E1 in com-
parison with C1 and C2. These results are 
in accordance with previous research data 
(Baucells et al., 2000; Kralik et al., 2008; 
Oliveira et al., 2010; Mattioli et al., 2017).  
However, the addition of FCM in hen´s diet 
resulted in a significant increase (p<0.001) 
in the content of total monounsaturated 
fatty acids, MUFAs (C18:1) and polyunsa-
turated fatty acids, PUFAs (C18:2ω-6, 
C18:3ω-3, C20:5ω-3 and C22:6ω-3) in 
egg yolks. 
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C1 and C2- control treatments, E1 and E2 – experimental treatments 
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Content of fatty acids in egg yolk after 30 days of the feeding  

Fatty acid C1 C2 E1 E2 

C14:0 0.31 ± 0.02a 0.27 ± 0.02a 0.27 ± 0.04a 0.22 ± 0.02a 
C16:0 28.26 ± 0.22b 26.79 ± 0.26b 20.12 ± 1.64a 19.55 ± 0.20a 
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C18:3ω-3 0.77 ± 0.08a 0.98 ± 0.11a 6.46 ± 0.35b 8.87 ± 0.26b 
C20:5ω-3 0.03 ± 0.01a 0.04 ± 0.01a 0.17 ± 0.05b 0.21 ± 0.02b 
C22:6ω-3 0.62 ± 0.11a 0.69 ± 0.08a 2.01 ± 0.36b 2.08 ± 0.05b 

SFA 40.21 ± 0.19b 38.97 ± 0.28b 28.78 ± 3.35a 30.10 ± 2.34a 
MUFA 44.91 ± 1.14ab 43.97 ± 1.02a 50.20 ± 1.39c 47.25 ± 0.47b 
PUFA 14.87 ± 0.95a 17.00 ± 0.83a 21.02 ± 1.96b 22.50 ± 2.07b 
∑ ω-6 13.33 ± 0.75a 15.04 ± 1.14a 12.38 ± 1.43a 11.30 ± 1.35a 
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Figure 1. Content of total tocopherols in egg yolks of laying hens 

(C1 and C2- control treatments, E1 and E2 – experimental treatments) 
 

The content of almost all individual PUFAs 
was significantly higher (p <0.001) in yolks 
from the experimental treatments, except 
for the content of linoleic acid (LA), which 
was significantly lower (p <0.001) in yolks 
from the experimental treatments E1 
(12.28 %) and E2 (11.25%) compared to 
the control treatments C1 (13.19%) and 
C2 (14.90%). The results are in com-
pliance with previous studies (Aymond and 
Van Elswyk, 1995; Grobas et al., 2001; 
Mattioli et al., 2017). 

Reduction of linoleic acid content in egg 
yolks has been one of the aims of this 
study. Higher amount of ω-6 fatty acids is 
not desirable because these FA are in-
volved in competition for enzymes. This 
competition reduces the efficiency of ALA 
conversion into EPA and DHA as the ratio 
of LA/ALA increases (Fraeye et al., 2012). 
The addition of flax co-extrudates into the 
hens' diet resulted in a significant increase 
(p <0.001) in the content of desirable ω-3 
fatty acids (ALA, EPA and DHA) in egg 
yolks. After 30 days of feeding trial, the 
content of α-linolenic acid in yolks from the 
experimental treatment E1 (with the share 
of co-extrudates in the diet at 13.50%) was 
6.46%, which is 8.4 times higher than that 
in the control treatment C1 (0.77%) as well 
as 6.6 times more than that in the control 
treatment C2 (0.98%). The level of α-lino-
lenic acid in the experimental treatment E2 

(share of co-extrudates in the diet at 
22.50%) was found to be 8.87%, which is 
11.5 and 9 times higher in comparison to 
the control treatments C1 and C2, res-
pectively. The same trend was observed in 
other studies (Hayat et al., 2009; Nain et 
al., 2012; Coorey et al., 2015; Lemahieu et 
al., 2015). 

However, as Simopoulos (2009) stated, 
the critical fatty acid efficiency factor is not 
the absolute amount of omega-6 and 
omega-3 fatty acids but their ratio. This 
ratio is more favourable when it ap-
proaches 1:1 ratio. The ratio of ω-6/ω-3 
fatty acids being less than 4:1 increases 
the conversion rate of EPA and DHA from 
ALA (Simopoulos, 2001). The ω-6/ω-3 
ratio was significantly lower (p<0.001) in 
the experimental treatments E1 (1.43) and 
E2 (1.01) than in the control treatments C1 
(9.40) and C2 (8.88). This ratio was below 
2 which is a lower value in comparison to 
the ω-6/ω-3 ratio reported in previously 
published studies where addition of flax-
seed or its products in laying hens diet 
was investigated (Shapira et al., 2008; 
Nain et al., 2012; Aziza et al., 2013). 
As already stated, flaxseed is very sen-
sitive to oxidation and polymerization after 
the thermal process, and therefore, needs 
to be protected with the addition of an-
tioxidants such as vitamin E (Tepe et al. 
2005, Kulisić et al. 2004). As shown in 
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Figure 1, the content of tocopherols li-
nearly increased in egg yolk with an in-
crease in FMC in the diet of laying hens. 

Total tocopherol content was significantly 
higher (p<0.05) in yolks from the ex-
perimental treatments E2 (with 5% fat) 
compared to the experimental treatments 
E1 where hens were fed 3% fat. The 
increment in the content of tocopherols 
was expected since these vitamins are 
soluble in fats and they increase with a 
share of FCM in the diet. The content of 
tocopherols was 6-fold higher in yolks from 
the experimental treatment E1 than that 
from the control treatment C1 and 1.8-fold 
higher than that from the control treatment 
C2. The content of tocopherols was 8 
times higher in yolks from the experi-
mental treatment E2 as compared to the 
control treatment C1 i.e. 2.3 times higher 
than the control treatment C2. These 
results are in accordance with Hayat et al. 
(2010). According to Hayat et al. (2009), 
consuming 2 eggs from laying hens fed 
with flaxseed supplemented with 150 UI of 
tocopherol, can provide 11 mg of toco-
pherol in human nutrition, which repre-
sents the recommended daily intake of this 
vitamin. 

CONCLUSIONS 
The inclusion of flax co-extrudates into the 
hens' diet did not negatively affect any of 
the egg quality parameters. FCM in com-
bination with the addition of natural pig-
ments (1% carrot and 0.5% paprika) gave 
the desired value of yolk colour of 12.78 
according RYCF. The addition of fun-
ctional product FCM in hen’s diet signi-
ficantly decreased the content of saturated 
and increased the content of desired ALA, 
EPA and DHA, as well as tocopherols in 
the experimental treatments in comparison 
with control treatments. Concerning the 
current trends and consumer demands for 
balanced and healthy foods, it can be con-
cluded that functional eggs enriched with 
flaxseed products as a source of ω-3 fatty 
acids and natural pigments as colouring 
agents are ideal food. Eggs enriched with 
natural pigments, ω-3 fatty acids and to-
copherols can be produced with minor 
changes in the diet of laying hens without 

adversely affecting the production and te-
chnological parameters of egg quality. 
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Figure 1. Content of total tocopherols in egg yolks of laying hens 

(C1 and C2- control treatments, E1 and E2 – experimental treatments) 
 

The content of almost all individual PUFAs 
was significantly higher (p <0.001) in yolks 
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pliance with previous studies (Aymond and 
Van Elswyk, 1995; Grobas et al., 2001; 
Mattioli et al., 2017). 

Reduction of linoleic acid content in egg 
yolks has been one of the aims of this 
study. Higher amount of ω-6 fatty acids is 
not desirable because these FA are in-
volved in competition for enzymes. This 
competition reduces the efficiency of ALA 
conversion into EPA and DHA as the ratio 
of LA/ALA increases (Fraeye et al., 2012). 
The addition of flax co-extrudates into the 
hens' diet resulted in a significant increase 
(p <0.001) in the content of desirable ω-3 
fatty acids (ALA, EPA and DHA) in egg 
yolks. After 30 days of feeding trial, the 
content of α-linolenic acid in yolks from the 
experimental treatment E1 (with the share 
of co-extrudates in the diet at 13.50%) was 
6.46%, which is 8.4 times higher than that 
in the control treatment C1 (0.77%) as well 
as 6.6 times more than that in the control 
treatment C2 (0.98%). The level of α-lino-
lenic acid in the experimental treatment E2 

(share of co-extrudates in the diet at 
22.50%) was found to be 8.87%, which is 
11.5 and 9 times higher in comparison to 
the control treatments C1 and C2, res-
pectively. The same trend was observed in 
other studies (Hayat et al., 2009; Nain et 
al., 2012; Coorey et al., 2015; Lemahieu et 
al., 2015). 

However, as Simopoulos (2009) stated, 
the critical fatty acid efficiency factor is not 
the absolute amount of omega-6 and 
omega-3 fatty acids but their ratio. This 
ratio is more favourable when it ap-
proaches 1:1 ratio. The ratio of ω-6/ω-3 
fatty acids being less than 4:1 increases 
the conversion rate of EPA and DHA from 
ALA (Simopoulos, 2001). The ω-6/ω-3 
ratio was significantly lower (p<0.001) in 
the experimental treatments E1 (1.43) and 
E2 (1.01) than in the control treatments C1 
(9.40) and C2 (8.88). This ratio was below 
2 which is a lower value in comparison to 
the ω-6/ω-3 ratio reported in previously 
published studies where addition of flax-
seed or its products in laying hens diet 
was investigated (Shapira et al., 2008; 
Nain et al., 2012; Aziza et al., 2013). 
As already stated, flaxseed is very sen-
sitive to oxidation and polymerization after 
the thermal process, and therefore, needs 
to be protected with the addition of an-
tioxidants such as vitamin E (Tepe et al. 
2005, Kulisić et al. 2004). As shown in 
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Figure 1, the content of tocopherols li-
nearly increased in egg yolk with an in-
crease in FMC in the diet of laying hens. 

Total tocopherol content was significantly 
higher (p<0.05) in yolks from the ex-
perimental treatments E2 (with 5% fat) 
compared to the experimental treatments 
E1 where hens were fed 3% fat. The 
increment in the content of tocopherols 
was expected since these vitamins are 
soluble in fats and they increase with a 
share of FCM in the diet. The content of 
tocopherols was 6-fold higher in yolks from 
the experimental treatment E1 than that 
from the control treatment C1 and 1.8-fold 
higher than that from the control treatment 
C2. The content of tocopherols was 8 
times higher in yolks from the experi-
mental treatment E2 as compared to the 
control treatment C1 i.e. 2.3 times higher 
than the control treatment C2. These 
results are in accordance with Hayat et al. 
(2010). According to Hayat et al. (2009), 
consuming 2 eggs from laying hens fed 
with flaxseed supplemented with 150 UI of 
tocopherol, can provide 11 mg of toco-
pherol in human nutrition, which repre-
sents the recommended daily intake of this 
vitamin. 

CONCLUSIONS 
The inclusion of flax co-extrudates into the 
hens' diet did not negatively affect any of 
the egg quality parameters. FCM in com-
bination with the addition of natural pig-
ments (1% carrot and 0.5% paprika) gave 
the desired value of yolk colour of 12.78 
according RYCF. The addition of fun-
ctional product FCM in hen’s diet signi-
ficantly decreased the content of saturated 
and increased the content of desired ALA, 
EPA and DHA, as well as tocopherols in 
the experimental treatments in comparison 
with control treatments. Concerning the 
current trends and consumer demands for 
balanced and healthy foods, it can be con-
cluded that functional eggs enriched with 
flaxseed products as a source of ω-3 fatty 
acids and natural pigments as colouring 
agents are ideal food. Eggs enriched with 
natural pigments, ω-3 fatty acids and to-
copherols can be produced with minor 
changes in the diet of laying hens without 

adversely affecting the production and te-
chnological parameters of egg quality. 
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ПРИРОДНИ АДИТИВИ У ПРОИЗВОДЊИ ФУНКЦИОНАЛНИХ ЈАЈА 

Недељка Ј. Спасевски*1, Татјана А. Пеулић1, Војислав В. Бањац1, Слађана М. Ракита1,  
Лато Л. Пезо2, Радмило Р. Чоловић1, Зорица Н. Басић3 

1 Универзитет у Новом Саду, Научни институт за прехрамбене технологије у Новом Саду,  
21000 Нови Сад, Булевар цара Лазара бр. 1,  

2 Универзитет у Београду, Институт за општу и физичку хемију, 11158 Београд,  
Студентски трг 12/V, Србија 

3 Војномедицинска академија, Институт за хигијену, 11040 Београд, Црнотравска 17, Србија 

Сажетак: Конзумна јаја могу играти важну улогу као функционална храна ако се за 
њихову производњу користе посебно дизајниране смеше обогаћене ω-3 масним киселинама, 
природним пигментима и витаминима. Дакле, циљ ове студије био је истражити ефекте 
укључивања коекструдата на бази ланеног семена у комбинацији са природним пигментима у 
исхрану кокоши носиља и испитивање њиховог утицаја на физичка својства, боју жуманца и 
састав масних киселина јаја. 
Сто двадесет Lohmann Brown кокоши носиља храњено је на бази кукурузно-сојиног оброка уз 
додатак коекструдата лана у различитим пропорцијама: 0% (контролни K1 и K2), 13,50% (Е1) и 
22,50% (Е2). Контролни третман (K1) садржао је до 3% масти, без додатих пигмената, док је 
контролни третман (K2) садржао до 5% масти и синтетичке пигменте. Експериментални 
третмани Е1 и Е2 (са 3% и 5% масти) имали су исту количину природних пигмената (1% 
шаргарепе и 0,5% паприке). Код јаја из експерименталних третмана Е1 и Е2 нису примећене 
значајне промене (p>0,05) у карактеристикама квалитета јаја у поређењу са контролним јајима. 
Пожељна боја жуманца од 12,78 по RYCF (Roche Yolk Colour Fan скала) постигнута је у оба 
експериментална третмана Е1 и Е2. Јаја од кокошки храњених са коекструдатом лана имала су 
значајно виши ниво (p<0,001) α-линоленске (6,46% за Е1 и 8,87% за Е2), докозахексаенске 
(2,01% за Е1 и 2,08% за Е2) и еикозапентаенске (0,17% за Е1 и 0,21% за Е2) киселине него јаја 
из контролних третмана. Однос ω-6/ω-3 од 1,43 и 1,01 у третманима Е1 и Е2, респективно, био 
је значајно нижи (p<0,001) од односа ω-6/ω-3 у контролним третманима K1 и K2 (9,40 и 8,88, 
редом). Садржај токоферола у јајима из експерименталних третмана Е1 и Е2 био је 6 и 8 пута 
већи него у јајима из контролног третмана K1, као и 1,8 и 2,3 пута већи него у јајима из 
контролног третмана K2, респективно. Додавањем коекструдата лана и природних пигмената у 
исхрану кокоши носиља могуће је произвести функционално јаје са пожељном бојом жуманца и 
саставом масних киселина. 

Кључне речи: коекструдат лана, шаргарепа, паприка, полинезасићене масне 
киселине, однос ω-6/ω-3, токофероли 
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ПРИРОДНИ АДИТИВИ У ПРОИЗВОДЊИ ФУНКЦИОНАЛНИХ ЈАЈА 

Недељка Ј. Спасевски*1, Татјана А. Пеулић1, Војислав В. Бањац1, Слађана М. Ракита1,  
Лато Л. Пезо2, Радмило Р. Чоловић1, Зорица Н. Басић3 

1 Универзитет у Новом Саду, Научни институт за прехрамбене технологије у Новом Саду,  
21000 Нови Сад, Булевар цара Лазара бр. 1,  

2 Универзитет у Београду, Институт за општу и физичку хемију, 11158 Београд,  
Студентски трг 12/V, Србија 

3 Војномедицинска академија, Институт за хигијену, 11040 Београд, Црнотравска 17, Србија 

Сажетак: Конзумна јаја могу играти важну улогу као функционална храна ако се за 
њихову производњу користе посебно дизајниране смеше обогаћене ω-3 масним киселинама, 
природним пигментима и витаминима. Дакле, циљ ове студије био је истражити ефекте 
укључивања коекструдата на бази ланеног семена у комбинацији са природним пигментима у 
исхрану кокоши носиља и испитивање њиховог утицаја на физичка својства, боју жуманца и 
састав масних киселина јаја. 
Сто двадесет Lohmann Brown кокоши носиља храњено је на бази кукурузно-сојиног оброка уз 
додатак коекструдата лана у различитим пропорцијама: 0% (контролни K1 и K2), 13,50% (Е1) и 
22,50% (Е2). Контролни третман (K1) садржао је до 3% масти, без додатих пигмената, док је 
контролни третман (K2) садржао до 5% масти и синтетичке пигменте. Експериментални 
третмани Е1 и Е2 (са 3% и 5% масти) имали су исту количину природних пигмената (1% 
шаргарепе и 0,5% паприке). Код јаја из експерименталних третмана Е1 и Е2 нису примећене 
значајне промене (p>0,05) у карактеристикама квалитета јаја у поређењу са контролним јајима. 
Пожељна боја жуманца од 12,78 по RYCF (Roche Yolk Colour Fan скала) постигнута је у оба 
експериментална третмана Е1 и Е2. Јаја од кокошки храњених са коекструдатом лана имала су 
значајно виши ниво (p<0,001) α-линоленске (6,46% за Е1 и 8,87% за Е2), докозахексаенске 
(2,01% за Е1 и 2,08% за Е2) и еикозапентаенске (0,17% за Е1 и 0,21% за Е2) киселине него јаја 
из контролних третмана. Однос ω-6/ω-3 од 1,43 и 1,01 у третманима Е1 и Е2, респективно, био 
је значајно нижи (p<0,001) од односа ω-6/ω-3 у контролним третманима K1 и K2 (9,40 и 8,88, 
редом). Садржај токоферола у јајима из експерименталних третмана Е1 и Е2 био је 6 и 8 пута 
већи него у јајима из контролног третмана K1, као и 1,8 и 2,3 пута већи него у јајима из 
контролног третмана K2, респективно. Додавањем коекструдата лана и природних пигмената у 
исхрану кокоши носиља могуће је произвести функционално јаје са пожељном бојом жуманца и 
саставом масних киселина. 

Кључне речи: коекструдат лана, шаргарепа, паприка, полинезасићене масне 
киселине, однос ω-6/ω-3, токофероли 
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