
297

Bulgarian Journal of Agricultural Science, 22 (No 2) 2016, 297–302
Agricultural Academy

EFFECT OF SELENIUM-FORTIFIED WHEAT IN FEED FOR LAYING HENS ON TABLE 
EGGS QUALITY

Z. KRALIK*, M. GRCEVIĆ, Ž. RADIŠIĆ, I. KRALIK, Z. LONČARIĆ and Z. ŠKRTIĆ
University of J. J. Strossmayer in Osijek, Faculty of Agriculture, 31000 Osijek, Croatia

Abstract

KRALIK, Z., M. GRCEVIĆ, Ž. RADIŠIĆ, I. KRALIK, Z. LONČARIĆ and Z. ŠKRTIĆ, 2016. Effect of selenium-
fortifi ed wheat in feed for laying hens on table eggs quality. Bulg. J. Agric. Sci., 22: 297–302

The aim of the study was to determine the effect of selenium-fortifi ed wheat added in feed for laying hens on egg quality 
and content of selenium in the edible part of the egg. The study was conducted on 105 hens of TetraSL hybrid which were in 
a 40th week of production. Laying hens were divided into three groups. Group A was control, and B and C experimental in 
which 10% of the corn in a mixture was replaced with selenium-fortifi ed wheat. Analysis of eggs stored for three days showed 
that the used treatments signifi cantly infl uenced the mass of eggs and basic parts of eggs. Eggs from groups A and C had sig-
nifi cantly higher values of length, width and eggshell share compared to eggs from group B. Group A eggs had a signifi cantly 
thicker shell and more intensive yolk color compared to eggs from groups B and C. The impact of treatment on yolk color was 
determined for eggs stored for 28 days. Lipid oxidation in yolks of eggs stored for 3 or 28 days was equable among all three 
experimental groups. It was found that the selenium content in the albumen of the egg was infl uenced by treatments and time 
of analysis of selenium. Usage of selenium-fortifi ed wheat in the diets for laying hens may have an infl uence on a better supply 
of this microelement in the edible part of the egg, with optimal external and internal egg quality indicators.
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Introduction

In animal feeding selenium is supplemented in two forms, 
inorganic and organic. Selenium is an essential microelement. 
People and animals must take selenium with food. The role of 
selenium in the body is multiple. Selenium is an irreplaceable 
part of a series of biochemical processes in the body. Many 
scientists whose researches were focused on the impact of the 
selenium source on its availability in the body of animals, in 
their research results point out a better bioavailability of se-
lenium if it is added in organic form in the feed for animals 
(Rayman, 2004; Payne et al., 2005; Skrivan et al., 2006). Re-
cently, in crop production there is a tendency to increase the 
content of various microelements in grains through fortifi ca-

tion. Animals will then consume those microelements in their 
meal in organic form (Hassan, 1990; Haug et al., 2008). 

The aim of this study was to determine the effect of using 
selenium-fortifi ed wheat in feed for laying hens on the egg 
quality and content of selenium in the edible part of the eggs.

Materials and Methods

The study was conducted on 105 Tetra SL hybrid hens, di-
vided into three groups (A, B and C). Hens were in the 40th week 
of production and experimental period lasted for 26 days. Dur-
ing the experimental period hens were consuming mixtures in 
which 10% of corn was replaced with selenium-fortifi ed wheat 
of Srpanjka variety, which was grown on calcareous soils with 
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7 different treatments in a randomized block design. For feeding 
experiments wheat from three fertilization treatments was used, 
as follows: A = control without Se, B = foliar application of Se 
with 5 g Se ha–1 and C = foliar application of Se with 10 g Se 
ha–1. The composition of mixtures for hens is shown in Table 
1. Before starting the experiment hens were weighed and ran-
domly divided into three experimental groups. Analysis of sele-
nium content in mixtures was made shortly before feeding trial. 
It was determined that mixture A contains 0.2522 mg Se/kg diet, 
mixture B 0.3059 mg Se/kg diet and mixture C 0.5484 mg Se/
kg diet. In the middle of the trial period (day 14) 10 eggs from 
each group were taken for determination of the concentration of 
selenium in egg albumens and yolks. At the end of the experi-
mental period eggs were sampled for analysis of egg quality and 
determination of the content of selenium in the edible part (egg 
albumen and yolk). There was a total of 150 eggs taken in the 
last three days of the experiment for different analyses (120 to 
analyze the external and internal egg quality and TBARS and 
30 for analysis of selenium). Eggs which were used for the qual-
ity analysis were from class L where belong eggs from 63 g to 
73 g of weight. Among external egg quality indicators, follow-
ing were analyzed: egg weight and egg shape index, eggshell 
strength, thickness and weight. Considering internal egg qual-
ity indicators, analyzed were: weight of egg albumen and yolk, 
yolk color, albumen height, Haugh units (HU) and pH value 
of albumen and yolk. Shares of major parts in eggs were also 
calculated. Egg quality and yolk lipid oxidation were analyzed 
on eggs stored for 3 or 28 days in the refrigerator at +4°C. The 
weight of eggs and the basic parts (egg albumen, egg yolk and 
shell) was determined by electronic scale PB 1502-S. Eggshell 
strength was measured using automatic device Eggshell Force 
Gauge Model-II. The thickness of the shell was measured at the 
middle of the egg shell using an electronic micrometer with an 
accuracy of 0.001 mm. Shape index was calculated from the 
measures of egg width and length according to the following 
pattern: shape index (%) = width of the egg/egg length*100 
(Panda, 1996). The color of the yolk, albumen height and HU 
were determined by automatic device Egg Multi-Tester EMT-
5200. pH valueS of albumen and yolk were measured with a pH 
meter MP 120. Lipid oxidation was measured on 36 yolks (18 
fresh and 18 stored) according to the modifi ed method of Mc-
Donald and Hultin (1987) and Botsoglou et al. (1994). To the 
yolk sample weighed in a test tube a 10% trichloroacetic acid 
was added (1w:3v), the mixture is then homogenized and cen-
trifuged at 10000 rpm for 10 minutes at 4°C. The supernatant 
is then mixed with a solution of thiobarbituric acid, the tubes 
were sealed and placed in a water bath at 90°C for 30 minutes. 
After cooling, distilled water was added and the mixture was 
centrifuged at 6000 rpm for 5 minutes at 4°C. The content of 
the colored product resulting from the reaction of products of 

lipid peroxidation with thiobarbituric acid was measured spec-
trophotometrically at 534 nm. Concentration of selenium in egg 
albumen and yolks was analyzed using a Perkin Elmer Optima 
device 2100 DV (Davidowski, 1993). The research results were 
processed using statistical program Statistica for Windows ver-
sion 12.0 (StatSoft Inc., 2013). Results were processed using 

Table 1.
Composition and chemical analysis of mixtures for hens
Ingredient, % 1A, B, C
Corn 40.75
Triticale 6.60
Wheat 10.00
Soybean meal 18.33
Toasted soy 8.33
Sunfl ower meal 1.66
Alfalfa 1.00
Calcium granules 8.13
Monocalcium 1.58
Yeast 0.50
Salt 0.33
Mineral Detox 0.25
Probiotic Pro Bio 0.05
Methionine 0.25
2Premix 0.58
Soybean oil 1.66
Total 100.00
3Chemical analysis of mixtures (g/kg)
Moisture 87
Crude protein 190
Crude fi ber 40
Ash 139
Fat 52
Ca 41

1 In mixtures 10% of corn was replaced with wheat: A = control 
without fortifi cation, B = wheat fortifi ed with selenium 5 g Se ha–1 and 
C = wheat fortifi ed with selenium 10 g Se ha–1

2 Premix mixture K, content in 1 kg: vitamin A 200000 UI, vitamin 
D3 500000 UI, vitamin E 10000 mg, vitamin K3 600 mg, vitamin B1 
400 mg, vitamin B2 1000 mg, vitamin B6 1000 mg, vitamin B12 3000 
μg, vitamin C 4000 mg, vitamin H 12 mg, vitamin B3 8000 mg, vita-
min B5 2400 mg, vitamin B9 150 mg, vitamin B4 100000 mg, iodine 
200 mg, manganese 18000 mg, zinc 14000 mg, cobalt 30 mg, iron 
12000 mg, copper 1600 mg, selenium inorganic 50 mg, calcium 238 g, 
phytase 100000 FYT, canthaxanthin 500 mg, beta-apo-beta-carotenoic 
acid 300 mg, antioxidant (butylhydroxy toluene) 20000 mg

3 Reference methods used at the chemical analysis of food: HRN 
ISO 6496:200; HRN EN ISO 5983-2:2010; HRN EN ISO 6865:2001, 
Mod. according to instructions of FOSS Fiber Cap manual; HRN ISO 
5984:2004; HRN ISO 6492:2001, Mod. according to instructions of 
the extraction system ANKOM XT15; RU-5.4.2-11 (internal method)
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one-factorial or multi-factorial analysis of variance (ANOVA). 
If the p value was statistically signifi cant, differences between 
groups were tested by Fisher’s LSD test (Table 1).

Results and Discussion

Table 2 shows the weight of eggs and the basic parts of 
eggs stored for 3 days in a refrigerator at +4°C. It is evident 
that the treatments used have statistically signifi cant effect on 
the weight of egg and basic parts of eggs (p < 0.05). A control 
group of hens had signifi cantly higher egg weight in relation 
to the groups of hens where a corn in a mixture was replaced 
with fortifi ed wheat (A = 68.88 g in relation to B = 66.10 g and 
C = 65.95 g; p = 0.002). Values for weight of basic parts of eggs 
ranged in accordance with the values for the egg weight, mean-
ing that a signifi cantly higher weight of albumen (A = 42.31 g, 
B = 40.85 g and C = 40.77 g; p = 0.044) had a control group of 
hens in relation to the experimental groups. A signifi cantly high-
er yolk weight was recorded in a group A (17.79 g) in relation to 
the group C (16.69 g), while the shell weight was signifi cantly 
higher in group A and C (8.73 g and 8.44 g) in relation to the 
group B (8.05 g; p < 0.001). Gjorgovska et al. (2012) reported 
that levels of selenium in a meal had a statistically signifi cant ef-
fect on weight of eggs and basic parts (albumen, yolk and shell), 
that is, with increasing levels of selenium in diet, the weight of 
the eggs and the basic parts in eggs also increases. Their results 
are not consistent with our results. 

Table 3 shows the weight of eggs and the basic parts of 
the eggs stored for 28 days in a refrigerator at +4°C. From 
the presented results it is clear that the treatments used in the 
experiment did not have a statistically signifi cant effect on 
weight of eggs and basic parts in eggs (p < 0.05). Looking at 
the results of the analysis of eggs after 3 days of storage and 
after 28 days of storage it is obvious that the weight of the 
eggs and albumen decreases.

Addition of organic selenium in feed for laying hens, in ad-

dition to increasing the selenium content in the edible part of the 
egg, has a positive effect on the freshness of eggs which is as-
sociated with quality. The freshness of egg is affected by storage 
time (in days) and the conditions under which the eggs are kept 
(temperature and relative humidity). Age of eggs is counted 
from the moment when the egg is laid until the time of its use. 
Indicators that are most often used to describe the freshness of 
eggs are height of air chamber, the pH of egg albumen and yolk, 
the intensity of lipid oxidation, albumen height and the values 
of HU. Tables 4 and 5 show the results of the effect of treatment 
on indicators of external and internal quality of eggs kept in 
the refrigerator for different period of time. For eggs kept three 
days in the refrigerator, it is evident that the level of selenium in 
feed has an effect on the length and width of eggs, meaning that 
groups A and C had a signifi cantly higher value of these indica-
tors in relation to group B. Shape index was equable in all ex-
perimental groups (A = 76.16%; B = 77.09% and C = 76.71%; 
p = 0.240). The values of the eggshell strength and thickness 
had the same trend. The maximum value for the strength was 
measured in group C (3.46 kg/cm2), followed by group A (3.28 
kg/cm2) and B (3.19 kg/cm2; p = 0.380). The thickness of the 
shell was signifi cantly different between the examined groups 
(A = 0.437 mm > C = 0.413 mm > B = 0.385 mm; p < 0.001). 
Signifi cantly more intense color of the yolk was determined in 
experimental group A (12,35) in relation to the groups B and C 
(11.85 and 11.60; p= 0.010). Although the difference for the al-
bumen height and HU between the groups was not statistically 
signifi cant (p = 0.250 and p = 0.317), the best values for these 
indicators were found in group C (6.82 mm and 80.21) followed 
by group B (6.72 and 77.10 mm) and group A (6.29 mm and 
75.01). The pH values of albumen and yolk in all groups were 
uniform (p > 0.05).

For eggs kept in the refrigerator for 28 days, it can be 
noticed that the level of selenium in the feed has an effect on 
the yolk color (p = 0.029), meaning that eggs from group A 
have a more intense color of the yolk relative to eggs from 
group C (12.45 and 11.85). For other analyzed indicators 
of external and internal egg quality, resulting differences 

Table 2
Weight of eggs and basic parts of eggs stored for 3 days in 
a refrigerator at +4°C (g; x– ± s)
Indicators A B C p value
Egg weight 68.83±3.33a 66.10±1.94b 65.92±2.95b 0.002
Albumen 
weight

42.31±2.28a 40.85±1.6 9b 40.77±2.09b 0.044

Yolk weight 17.79±1.15a 17.18±0.99ab 16.69±1.51b 0.025
Shell weight 8.73±0.51a 8.05±0.54b 8.44±0.34a <0,001

x– = arithmetic mean; s = standard deviation; The numbers in the 
rows marked with a,b exponents are mutually statistically different 
(P < 0.05; P < 0.01 and P < 0.001). 

Table 3
Weight of eggs and basic parts of eggs stored for 28 days 
in a refrigerator at +4°C (g; x– ± s)
Indicators A B C p value
Egg weight 66.21±2.98 66.02±2.11 64.63±1.84 0.079
Albumen 
weight

40.05±2.21 39.97±1.78 39.23±1.38 0.295

Yolk weight 17.78±1.05 17.62±0.90 17.19±1.21 0.202
Shell weight 8.37±0.46 8.42±0.55 8.21±0.46 0.369

x– = arithmetic mean; s = standard deviation
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between the two groups were not statistically signifi cant 
(p > 0.05).

If we look at the values of HU shown in Tables 4 and 
5 for eggs from experimental treatment measured in two 
periods, we notice that for fresh eggs higher values are in 
group C compared to groups B and A (80.21 HU in relation 
to 77.10 HU and 75.01 HU), and that their decreasing trend 
during storage of eggs is weaker in groups B and C com-
pared to group A (6.22% and 6.27% compared to 6.62%). 
Such a trend for HU can be explained with reduced meta-
bolic processes in the eggs of B and C groups, and it can be 
assumed that the cause is a higher content of selenium in the 
eggs of these groups and its antioxidant effect. 

According to the specifi cation for the device Egg multi 
tester which is used for measuring HU their values are classi-
fi ed into four grades of freshness. HU values above 72 repre-
sent eggs of best freshness labeled as AA, second is A grade, 
with HU values ranging from 71 to 60, followed by B grade 

with values 59-31 and C grade with values of 30 and less. 
Average values of HU in all the groups were higher than the 
minimum required (72 HU) for fresh eggs of extra quality 
specifi ed in the Egg multi tester EMT-5200. 

Table 6 shows the results of the effects of treatment and 
time of analysis on the content of selenium in the edible part 
of the eggs. The results show that the treatment signifi cantly 
affects the content of selenium in albumen, that is, with in-
creasing levels of selenium in the diet the selenium content in 
albumen also increases (p < 0.001). Eggs that were analyzed 
on 14th day of the experiment had a signifi cantly lower content 
of selenium in albumen compared to eggs analyzed on 26th 
day of the experiment (p = 0.043). Values of selenium con-
tent in egg yolks were in accordance with the analysis of the 
content of selenium in albumen. However, the treatment, time 
of the analysis and their interaction had no statistically signifi -
cant effect (p > 0.05) on differences in the content of selenium 
in egg yolks. Surai  and Sparks (2001), Gajčević et al. (2009) 

 Table 4 
Effect of treatments on indicators of external and internal quality of eggs stored for 3 days at 4°C (x– ± s)
Indicators A B C p value
Egg length, mm 59.55±1.61a 57.35±1.69b 58.55±1.82a <0.001
Egg width, mm 45.35±1.08a 44.20±1.10b 44.90±1.29a 0.010
Shape index, % 76.17±1.66 77.09±1.73 76.71±1.73 0.240
Eggshell strength, kg/cm2 3.28±0.79 3.19±0.45 3.46±0.62 0.380
Eggshell thickness, mm 0.437±0.02a 0.385±0.02c 0.413±0.02b <0.001
Yolk color 12.35±0.58a 11.85±0.87b 11.60±0.82b 0.010
HU 75.01±9.15 77.10±14.97 80.21±6.52 0.317
Albumen height, mm 6.29±1.20 6.72±0.96 6.82±0.94 0.250
Albumen pH 8.76±0.12 8.73±0.11 8.75±0.09 0.605
Yolk pH 6.08±0.66 5.98±0.04 6.13±0.066 0.668

x– = arithmetic mean; s = standard deviation;  The numbers in the rows marked with a,b,c exponents are mutually statistically different (P 
< 0.05; P < 0.01 and P < 0.001).

 Table 5
Effect of treatments on indicators of external and internal quality of eggs stored for 28 days at 4°C (x– ± s)
Indicators A B C P value
Egg length,  mm 59.35±1.72 58.70±1.59 58.35±1.38 0.134
Egg width, mm 45.20±1.19 44.70±1.17 44.85±0.93 0.348
Shape index, % 76.17±1.33 76.18±2.00 76.88±1.36 0.281
Eggshell strength, kg/cm2 3.39±0.68 3.39±0.58 0.366±0.59 0.299
Eggshell thickness, mm 0.427±0.01 0.424±0.02 0.421±0.02 0.732
Yolk color 12.45±0.82a 12.00±0.72ab 11.85±0.58b 0.029
HU 70.04±9.39 72.32±7.15 75.18±5.21 0.101
Albumen height, mm 6.00±1.41 6.01±0.81 6.30±0.90 0.614
Albumen pH 9.14±0.05 9.16±0.06 9.17±0.05 0.393
Yolk pH 6.17±0.05 6.21±0.08 6.16±0.07 0.098

x– = arithmetic mean; s = standard deviation; The numbers in the rows marked with a,b exponents are mutually statistically different (P < 0.05)
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and Gjorgovska et al. (2012) state that the level of selenium in 
feed has an impact on its content in albumen, which is consis-
tent with the results of our research. These authors point out 
that the level of selenium also has a signifi cant impact on the 
content of selenium in egg yolks, which was not found in our 
study.

Table 7 shows the shares (%) of basic parts of eggs kept in 
the refrigerator for 3 or 28 days at 4°C. The results show that 
the level of selenium in feed has no effect on the shares of egg 
albumens and yolks, while the infl uence of selenium was statis-
tically signifi cant for eggshell share (C = 12.83% and 12.70% A 
> B = 12.19%; p < 0.05). For eggs stored for 28 days, it is evi-
dent that the level of selenium in feed has no statistically signifi -
cant effect on the shares of the basic parts of the egg (p > 0.05).

Gjorgovska et al. (2012) state that the level of selenium in 
feed for laying hens has no impact on the share of the basic 

parts of the egg (p > 0.05). They report that a group of hens that 
received the mixture with higher levels of selenium have eggs 
with a higher share of albumen (G3 = 61.03%; G2 = 60.47% 
and G1 = 59.33%), and lower shares of yolk (G3 = 27.13%; 
G2 = 27.18% and G1 = 28.61%) and shell (G3 = 11.84%; G2 
= 12.35% and G1 = 12.06%) in comparison to the eggs of hens 
fed mixtures with lower levels of selenium. Their results are not 
consistent with ours. In this study we observed the freshness by 
measuring the intensity of lipid oxidation in egg yolks kept in a 
refrigerator at +4° C for 3 or 28 days.

Determination of the concentration of thiobarbituric acid 
reactive substances indicates the extent of oxidation of various 
fatty acids. The higher the concentration of TBARS, shown in 
μg MDA/g sample, the greater is the extent of lipid oxidation. 
Figure 1 shows the intensity of lipid oxidation in egg yolks 
of experimental groups, measured in two periods. From the 
results it is evident that all values are equable, and that the 
treatment has no effect on lipid oxidation in egg yolks (p > 
0.05). Gajčević et al. (2009) reported that levels of selenium 
have a signifi cant impact on the intensity of lipid oxidation. 
The authors note that in a group of hens that were fed with 
higher levels of organic selenium TBARS value in egg yolks 
on 28th day was signifi cantly lower compared to eggs originat-
ing from a group of hens that were fed with lower levels of 
organic selenium in the diet (p < 0.05). The results of those 
authors are not consistent with the results of this research. In 
addition to the production of eggs for consumption and repro-
duction, the importance of the addition of selenium-fortifi ed 
grains in the feed stands out also in fattening of chickens, be-
cause it positively affects the quality of meat and enrichment 
of muscle tissue with selenium (Haug et al., 2008).

Conclusion

From the research results it can be concluded that the use 
of selenium-fortifi ed wheat in hens’ diets lead to greater sup-
ply of body with selenium, which is manifested in a higher 

Table 6
Effects of treatment and time of the analysis on the content 
of selenium in the egg (mg/kg sample)
Treatment Time of 

analysis 
(days)

Number 
of samples

Albumen Yolk

A 14 5 0.0783c 0.5194
26 5 0.0912bc 0.5283

B 14 5 0.0877c 0.5205
26 5 1.0492ab 0.5547

C 14 5 1.1117a 0.5292
26 5 1.1081a 0.6001

SEM 0.005 0.023
Source of variation
Treatment
Time of analysis
Treatment x Time of analysis

<0.001
0.043
0.114

0.217
0.054
0.412

T = treatment (A,B,C), TA = time of analysis (14th or 26th day of 
feeding); = standard error of the mean. The numbers in the columns 
marked with a,b,c exponents are mutually statistically different (P < 0.05; 
P < 0.01 and P < 0.001)

Table 7
Shares of the basic parts of eggs (%; x– ± sd)
Indicators A B C p value

3 days
Share of albumen 61.45±1.07 61.79±1.83 61.86±1.67 0.675
Share of yolk 25.83±0.89 26.01±1.55 25.30±1.66 0.261
Share of shell 12.70±0.76a 12.19±0.79b 12.83±0.65a 0.020

28 days
Share of albumen 60.48±1.44 60.53±1.48 60.70±1.60 0.893
Share of yolk 26.85±1.12 26.69±1.22 26.59±1.60 0.818
Share of shell 12.65±0.62 12.76±0.79 12.70±0.58 0.882

x– = arithmetic mean; s = standard deviation;  The numbers in the rows marked with a,b exponents are mutually statistically different (P < 0.05) 
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content of selenium in albumens of eggs from the experi-
mental group C in regard to group A (p < 0.001), in both 
terms of measurements. The values of the selenium content 
in egg yolks also were higher in group C compared to groups 
B and A, but the differences were not statistically signifi -
cant (p > 0.05). Furthermore, it was found that the level of 
selenium in feed has an impact on indicators of egg quality 
(weight of eggs and basic parts of eggs, length and width of 
the eggs, shell thickness and yolk color intensity) analyzed 
after 3 days of storage in the refrigerator. For eggs stored for 
28 days in the refrigerator effect of treatment was recorded 
for the value of egg yolk color (p = 0.029). Values of lipid 
peroxidation measured in fresh eggs or eggs stored for 28 
days in the refrigerator were equable in all groups, and treat-
ment had no effect on this indicator of egg freshness (p > 
0.05). In order to obtain even better results it is necessary 
to expand the research. Selenium-fortifi ed corn and higher 
portion of selenium-fortifi ed wheat should be added to hens’ 
feed, and also, feeding experiment should last for a longer 
period of time (more than 26 days).

Acknowledgements

The results presented in this paper are part of the re-
search project „With Innovative Technology to Production 
of Added-value Eggs” which is funded by the University of 
J.J. Strossmayer in Osijek.

References 

Botsoglou, N. A., D. J. Fletouris, G. E. Papageorgiou, V. N. Vas-
silopoulos, A. J. Mantis and A. G. Trakatelliss, 1994. Rapid, 
sensitive, and specifi c thiobarbituric acid method for mea-
suring lipid peroxidation in animal tissue, food and feedstuff 
samples. Journal of Agricultural and Food Chemistry, 42 (9): 
1931–1937.

Davidowski, L., 1993. Perkin Elmer ICP Application Study, Num. 
67.

EggMulti Tester EMT 5200 Measurement specifi cations 
http://tronic.indonetwork.co.id/3382867/robot-mation-egg-
multi-tester-emt-5200.htm 

Gajčević, Z, G. Kralik, E. Has-Schon and V. Pavić, 2009. Effects 
of organic selenium supplemented to layer diet on table egg 
freshness and selenium content. Italian Journal of Animal Sci-
ence, 8 (2):189–199. 

Gjorgovska, N, K. Filev, V. Levkov and T. Kostadinov, 2012. The 
effect of different levels of selenium in feed on egg production, 
egg quality and selenium content in yolk. Lucrări Ştiinţifi ce - Se-
ria Zootehnie, 57 (17): 270–274.

Hassan, S., 1990. Infl uence of dietary sodium selenite and barley 
selenium on the performance of laying hens and their subsequent 
progeny. Acta Agriculturae Scandinavica, 40: 267–278.

Haug, A, S. Eich-Greatorex, A. Bernhoft, H. Hetland and T. Sogn, 
2008. Selenium bioavailability in chicken fed selenium-fertilized 
wheat. Acta Agriculturae Scandinavica A, 58 (2): 65–70.

McDonald, R. E. and H. O. Hultin, 1987. Some characteristics of 
the enzymic lipid peroxidation system in the microsomal fraction 
of Flounder skeletal muscle. Journal of Food Science, 52 (1): 
15–21.

Panda, P. C., 1996. Shape and texture. In: Textbook on Egg and 
Poultry Technology. 1st ed., Vikas Publishing House Pvt. Ltd., 
New Delhi, India.

Payne, R. L., T. K. Lavergne and L. L. Southern, 2005. Effect 
if inorganic versus organic selenium on hen production and egg 
selenium concentration. Poultry Science, 84 (2): 232–237.

Rayman, M. P., 2004. The use of high-selenium yeast to raise seleni-
um status: how does it measure up? British Journal of Nutrition, 
92: 557–573.

Skrivan, M., J. Šimane, G. Dlouha and J. Doucha, 2006. Effect 
of dietary sodium selenite, Se-enriched yeast and Se-enriched 
Chlorella on egg Se concentration, physical parameters of eggs 
and laying hen production. Czech Journal of Animal Science, 51 
(4): 163–167.

StatSoft Inc., 2013. STATISTICA (data analysis software system), 
version 12.0. 
www.statsoft.com

Surai, P. F. and N. H. C. Sparks, 2001. Designer eggs: from im-
provement of egg composition to functional food. Trends in Food 
Science & Technology, 12 (1): 7–16.

Fig. 1. The oxidation of lipids in egg yolks stored for 3 or 
28 days in a refrigerator at +4°C

Received April, 13, 2015; accepted for printing February, 19, 2016



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


