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ABSTRACT 
The aim of the present paper was to evaluate basic physical parameters of laying hen eggs, which were fed by the diet containing 

co-extruded linseed and sunflower meal, as a source of omega-3 fatty acids, as well as paprika and marigold flower, as sources of 
natural pigments. The increase in egg weight and egg yolk weight, the reduction in the score point of eggshell color, egg yolk index 
and pH value of albumen was demonstrated in our research. However, the changes in egg shape index, eggshell weight, eggshell 
thickness, egg yolk color, pH of egg yolk and Haugh units were not observed. Moreover, it was reported that supplementing the 
nutrition of laying hens with co-extruded linseed and sunflower meal, paprika and marigold did not demonstrate negative influence 
on physical characteristics of eggs and its addition to hens’ diet was justified. 
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REZIME 
Cilj ovog rada je bio da se ispitaju osnovne fizičke karakteristike jaja koka nosilja kod kojih je u ishrani dodat ko-ekstrudat 

lanenog semena i suncokretove pogače, kao izvor omega-3 masnih kiselina, paprika i cvet nevena, kao prirodni pigmenti. Primećeno 
je da je sa povećanjem starosti koka nosilja došlo do povećanja mase jajeta i mase žumanceta, dok se intenzitet boje ljuske, indeks 
žumanceta i pH vrednost belanceta smanjila. Međutim, promene nisu zapažene u indeksu oblika jajeta, mase i debljine ljuske, pH 
vrednosti žumanceta i vrednosti Hugovih jedinica. Čak šta više, zabeleženo je da ishrana obogaćena omega-3 masnim kiselinama, 
paprikom i nevenom nije imala negativan efekat na fizičke osobine jaja koka nosilja, prema tome, upotreba ovih dodataka ishrani je 
opravdana. 

Ključne reči: laneno seme, ishrana koki nosilja, kvalitet jaja, neven, paprika. 
 

INTRODUCTION 
Views on the role of eggs in the human diet have varied 

drastically over the years. Traditionally, eggs were considered to 
be an excellent, low-cost source of nutrients. In the early 1970s, 
however, recommendations were made to limit the use of eggs 
because of their cholesterol content. More recently, views on the 
role of eggs in the diet have changed again. With the increase of 
scientific understanding in the role of dietary factors in heart 
diseases, the advice to restrict egg intake has been modified. 
New scientific studies have been conducted since 1996 and so 
far confirmed the conclusions that dietary cholesterol has only a 
small effect on blood cholesterol and that little, if any, 
relationship exists between egg consumption and heart disease 
risk (Meister, 2002).  

In the light of the latest conclusions that egg intake in human 
nutrition cannot be linked with heart disease risk, scientists have 
developed so called „functional eggs“, enriched with omega-3 
fatty acids. It has been observed that egg lipids are efficiently 
absorbed into the body, thereby increasing the bioavailability of 
docosahexaenoic acid (DHA) (Lewis, 2000; Gil, 2003; Hoffman, 
2004). Moreover, linolenic acid, which is an essential n-3 fatty 
acid cannot be synthesized by the human body and therefore, 
must be derived by the diet (Ačanski et al., 2015; Micić et al., 
2015). Eggs can be easily enriched with omega-3 fatty acid by 

addition of extruded linseed, linseed oil, fish oil, etc. in the diet 
of laying hens (Dalle Zotte et al., 2015; Khan et al., 2016). 
Numerous studies have been confirming positive effect of such 
diets on fatty acid composition of egg yolks. However, there is 
not much scientific data of basic physical parameters of these 
eggs, such as egg weight, shape index (Akyurek et al, 2009), 
shell weight, total shell thickness (Pavlovski et al., 2012), egg 
yolk color (Dvořák et al, 2010), etc. 

In addition to nutritional benefits, there are some other 
factors which influence the evaluation of egg quality. Yolk color 
has traditionally been considered as a significant characteristic of 
egg quality. Since laying hens cannot synthesize the pigments in 
their physiological system, poultry farmers supplement hen diet 
with synthetic or natural pigments to achieve acceptable yolk 
coloration. Regarding the fact that xanthophylls are responsible 
for producing the main pigment in egg yolk, plenty of natural 
pigmenting agents are recognized as alternative sources for 
improving yolk color, such as: corn, alfalfa meal, tomatoes, 
various grasses, algae, carrots, mulberry leaves, yeast, paprika 
and marigold. Paprika is rich in red xanthophylls, while 
marigold has high concentration of yellow xanthophylls, and 
both intensify egg yolk color effectively (Lokaewmanee et al., 
2011). 

Bearing in mind all the exposed facts, the aim of presented 
study was to evaluate basic physical parameters of laying hen 
eggs, which were fed by the diet containing co-extruded linseed 
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and sunflower meal, as a source of omega-3 fatty acids, as well 
as paprika and marigold flower, as sources of natural pigments. 
Primary goal of using such diet was to produce eggs with 
functional characteristics by applying natural feed compounds. 
In addition to this, we wanted to investigate how the above 
mentioned diet influenced physical quality parameters of eggs.  

MATERIAL AND METHOD 
Dietary treatment 
This experiment included two groups (control and 

experimental) of 200 hybrid "BOVANS" laying hens 18 weeks 
of age. Complete mixtures were formulated for both groups of 
laying hens and composed of conventional raw materials with 
the addition of co-extruded linseed and sunflower meal, paprika 
and marigold flower in the diet for experimental group. 
Ingredients included in the diets are presented in Table 1, while 
the basic chemical composition of control and experimental diet 
were shown in Table 2. Diets were produced in pelleted form to 
reduce differences in feed physical form and to prevent feed 
selection by hens (Buchanan and Moritz, 2009). 

 

Table 1. Composition of the basal diets 

Ingridients Control (%) Experiment 
(%) 

Corn 54.7 54.6 
Dehydrated alfalfa meal 5.0 5.0 

Sunflower meal 7.0 - 
Co-extruded linenseed and 

sunflower meal (50:50) - 14.0 

Soybean full-fat semolina 17.0 10 
Soybean meal 6.3 6.0 

Monocalcium phosphate 1.4 1.4 
Calcium carbonate 7.3 7.3 
Sodium chloride 0.3 0.3 

Commercial premix* 1.0 1.0 
Paprika - 0.2 

Marigold flower - 0.2 
*Commercial premix used in the diet for control group 

contained 0.2 % of synthetized pigment-carophyll red 
 
Table 2. Chemical composition of the control and 

experimental diet 
Nutrients Control Experiment 

Moisture, % 8.65 8.83 
Crude ash, % 12.99 11.69 
Crude fat, % 6.04 6.08 

Crude fibre, % 4.78 4.27 
Crude protein, % 16.68 16.38 

Ca ,% 4.54 3.83 
P, % 0.72 0.48 

Zn, mg/kg 87.40 88.64 
Fe, mg/kg 337.05 288.73 
Cu, mg/kg 11.97 15.86 
Hg, mg/kg 0.00397 0.00150 
Pb, mg/kg <2.27 <2.33 
As, mg/kg <2.27 <2.33 
Cd, mg/kg <0.45 <0.47 

Total aflatoxin, mg/kg <0.005 <0.005 
B1, mg/kg <0.001 <0.001 

Fumonisin, mg/kg 0.48±0.09 0.79±0.15 
Deoxynivalenol, mg/kg 1.06±0.32 0.80±0.24 

Zearalenone, mg/kg 0.15±0.04 0.088±0.022 

Sample collection and procedure 
Laying hens at the age of 18 weeks were fed for twelve 

weeks and, after every fourth week, 50 eggs from both groups 
(control and treatment) were randomly chosen and successively 
analyzed in order to identify any differences in the physical 
characteristics of eggs. Fresh eggs were obtained within a day of 
laying and prior to analysis were thoroughly washed to remove 
any dirt adhering to the shell. All eggs were weighed and egg 
shape index (SI) was determined according to Anderson et al. 
(2004). Egg width (w) and length (l) were measured and egg 
shape index (SI) was calculated as follows: 

 

𝑆𝐼 =
𝑤
𝑙
∙ 100 

 

The color of egg shell was determined according to 
“Pravilnik o ocenjivanju kvaliteta konzumnih jaja”, regulated by 
the International agricultural fair (Novi Sad, Serbia) using a five 
point score, where 1 indicated the lightest and 5 the darkest 
color. Then, all eggs were broken, and egg shells were washed 
gently under tap water to remove albumen remains. The washed 
eggshells were left to dry in the open air for 24 hours and 
weighed. Shell thickness (with shell membrane) of the eggs was 
measured by micrometer. Shell thickness presented an average 
value of measurements at 3 locations on the eggs (sharp, blunt 
and equatorial parts) (Tyler, 1961). Egg yolk height (h) and 
width (w) were measured in order to determine egg yolk index 
(I), which was calculated as follows: 

 

𝐼 =
ℎ
𝑤
∙ 100 

 

Maximum height of the albumen was measured and the 
individual Haugh unit score was determined according to 
Monira et al. (2003). The Hugh unit values were calculated for 
every individual egg using an equation:  

 

𝐻𝑈 = 100𝑙𝑜𝑔 ∙ (𝐻 + 7.57 − 1.7 ∙ 𝑤0.37) 
 

Whereas: HU is a Haugh unit; H is an observed height of the 
albumen (mm), while w is weight of an unbroken egg (m). Yolk 
color was determined by comparing with the Roche yolk color 
(RYC) fan (Hoffman-La Roche Ltd, Basel, Switzerland) (color 
scale from 15, dark orange to 1, light pale). After that, egg yolk 
was separated from albumen and egg yolk was balanced. The 
egg yolk was then cut with a knife and the exterior yolk was 
scraped out using a teaspoon and excluded from the further 
analysis. Interior liquid egg yolks were collected, and pH of 
separated yolk and albumen was determined using a pH meter 
(Consort C931, Turnhout, Belgium). 

Statistical analysis 
The influence of the hen nutrition and hens age on the 

indicators of egg quality 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 nutrition on the external egg quality 

characteristics of laying hens during twelve weeks of feeding 
was presented in Table 3 and 4. According to obtained results it 
could be observed that hen age influenced the egg weight, which 
significantly (p=0.021) increased as bird age increased, 
expressing the highest value at the hen’s age of 26 weeks, and 
did not change until the end of the trial (30 weeks). In addition to 
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nutrition, the age of hen and strain of bird (Pavlovski et al., 
2003), it was reported that eggshell quality is also affected by 
egg size and weight. Egg weight usually increases with the age 
of hens at the same time as eggshell thickness decreases 
(Altuntaş and Şekeroğlu, 2008). However, significant changes in 
the egg shape index, eggshell weight and eggshell thickness 
were not observed with increasing hen age (p>0.05). On the 
other hand, the effect of hen age on the egg shell color was 
demonstrated. The score point of eggshell color significantly 
(p=0.026) decreased (became lighter) at the hen’s age of 26 
weeks and remained constant until the hen age of 30 weeks. The 
color of egg shell is determined primarily by the genetic traits of 
the hen (Jacob et al., 2000); with the increase in hen age, the 
intensity of pigment reduces. Butcher and Miles (2003) 
suggested it could be a consequence of decreasing pigment 
synthesis or increased surface area over which available pigment 
is dispersed. 

 

Table 3. Effect of diet on egg weight and shape index of 
laying hens during twelve weeks from 22 to 30 weeks of age  

Hen age 
(weeks) 

Egg weight (g) Egg shape index 
Control Experiment Control Experiment 

22 56.80±4.75a,1 55.54±2.58a,1 127.12±3.37a,1 127.90±3.5a,1 
26 62.77±4.40b,1 61.30±4.30b,1 126.52±4.32a,1 126.66±2.76a,1 
30 62.48±4.62b,1 64.06±4.41b,1 130.22±3.00a,1 127.01±5.09a,1 
Values are expressed as mean ± standard deviations; values 

followed by the same letter in the column or number in the row 
are not significantly different at the 95 % confidence level 

 

As it was expected, the influence of 
nutritional manipulation on the egg external 
quality factors was not detected. It may 
lead to the conclusion that the hen diet did 
not negatively affect any trait related to egg 
or shell quality. The obtained results were 
in agreement with Lokaewmanee et al. 
(2010) who examined the effect of 
marigold and paprika addition to poultry 
diet on egg quality properties. They 
revealed that the supplementation of 
paprika and paprika plus marigold flower 
extract had no influence on egg weight, egg 
shell weight, shell thickness, yolk weight 
and albumen weight. In addition, 
Basmacoglu et al. (2003) reported that the 
addition of linseed and fish oil to laying hens nutrition did not 
cause any negative effect on some quality parameters (egg 
weight, shell weight, shell thickness). On contrary to Uwayjan et 
al. (1983) who observed enhanced egg weight when laying hens 
were fed with sunflower seed, Rose et al. (1972) reported a 
decrease in weight of eggs in hens fed by diets in which soybean 
meal was substituted by sunflower meal protein. 

The influence of the hen diet and age on the internal egg 
quality parameters was demonstrated in Table 5 and 6. The 
changes in yolk weight with increasing hen age was not 
observed until the age of 30 weeks when egg weight 
significantly (p=0.037836) increased. The egg yolk index 
decreased at the hen age of 26 weeks and did not change until 
the end of the experiment. The pH value of the egg yolk did not 
show any significant change. According to presented results it 
was observed that hen nutrition did not negatively affect egg 
yolk weight, index or pH value. However, the pH value of 
albumen slightly but significantly (p=0.014201) decreased at the 
hen’s age of 30 weeks. 

Yolk color is an essential factor which consumers take into 
account when assessing the quality of egg (Delgado-Vargas et 
al., 1998). Consumer preferences are highly subjective and vary 
considerably from country to country. A range from 6-12 in 
RYS is usually considered to be acceptable for meeting 
consumers demands. Regarding the fact that the yolk color is 
influenced mostly by the hen’s diet (Colin et al., 2004), paprika 
and marigold flower have been used as natural sources of 
pigments to supplement laying hen nutrition. Although paprika 
and marigold are rich in xanthophylls and intensify egg yolk 
color, in our study experimental group showed lower color fan 
readings than the control group. In order to achieve acceptable 
yolk coloration, synthetic pigment carophyll red was included in 
the diet of control group, while that of experimental group 
contained natural pigments from marigold and paprika. It might 
indicate that higher concentration of pigments which provide 
more intensive and red color is distributed in control diet. 
According to Santos-Bocanegra et al. (2004) paprika extract is 

required to contain 4 ppm of red xanthophylls and marigold 
flower extract is required to contain 7.5 ppm of yellow 
xanthophylls to achieve the egg yolk color score equal to 11.7 on 
the RYCF scale. It may lead to conclusion that the 
supplementation of paprika and marigold flower did not provide 
sufficient concentration of natural pigments to obtain desirable 
egg yolk pigmentation. However, as it was previously 

mentioned, yolk color was determined by 
subjective method and is less important 
indicator of egg quality from nutritional 
point of view. 

Haugh units are used as a standard 
for determination of albumen quality 
(Jones and Musgrove, 2005). The 
minimum value of Haugh units for eggs 
reaching the consumer demands is 60 
(Gerber, 2006). Regardless the increase 
in egg weight and total amount of 
albumen as birds grow older, generally 

Table 5. Effect of diet on egg yolk weight, index and color of laying hens during 
twelve weeks from 22 to 30 weeks of age 

Hen age 
(weeks) 

Egg yolk weight (g) Egg yolk index Egg yolk colour 
Control Experiment Control Experiment Control Experiment 

22 13.21±1.84a,1 12.38±0.65a,1 57.90± 
5.40a,1 

61.81± 
5.69a,1 

12.3± 
0.95a,1 8.8± 0.63a,1 

16 14.57±0.93a,1 13.80±0.81a,1 49.82± 
2.57b,1 

48.37± 
2.72b,1 

12.3± 
0.48a,1 9.6± 0.84a,1 

30 14.89±0.91b,1 15.02±0.68b,1 49.70± 
2.60b,1 

50.29± 
3.79b,1 

12.0± 
0.67a,1 9.7± 0.70a,1 

Values are expressed as mean ± standard deviations; values followed by the 
same letter in the column or number in the row are not significantly different at the 
95 % confidence level 

Table 4. Effect of diet on egg shell weight, color and thickness of laying hens 
during twelve weeks from 22 to 30 weeks of age 

Hen age 
(weeks) 

Egg shell weight (m) Egg shell colour Egg shell thickness (mm) 
Control Experiment Control Experiment Control Experiment 

22 7.31±0.50a,1 7.37±0.54 a,1 3.10±0.72a,1 3.30±0.86a,1 0.75±0.10a,1 0.65±0.09a,1 
26 8.28±0.49 a,1 8.13±0.68 a,1 2.77±0.82b,1 2.73±0.69b,1 0.64±0.03a,1 0.61±0.07a,1 
30 6.99±0.86 a,1 8.02±0.45 a,1 2.69±0.60b,1 2.72±0.88b,1 0.57±0.09a,1 0.56±0.12a,1 
Values are expressed as mean ± standard deviations; values followed by the same 

letter in the column or number in the row are not significantly different at the 95 % 
confidence level 
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the albumen height decreases (Silversides and Scott, 2001). 
Among many factors which affect Haugh units (hen age, storage 
time and temperature, etc.), it is believed that nutrition contribute 
insignificantly to the albumen quality (Roberts, 2004; Samli et 
al., 2005). According to presented results it can be observed that 
the hen age and dietary composition did not influence the Haugh 
units. These results are in compliance with Grobas et al. (2001) 
who stated no differences in the Haugh unit of eggs when 
soybean and olive oil were added to the diet. The addition of 
linseed and fish oil to laying hens nutrition did not cause any 
negative effect on albumen weight or yolk weigh (Basmacoglu 
et al., 2003). Moreover, the inclusion of marigold flower meal 
and marigold flower extract had no effects on Haugh units of 
laying hens eggs (Lokaewmanee et al., 2010). 

 

 CONCLUSION 

The presented results revealed that some of the egg external 
and internal quality parameters changed with the increase in 
hen’s age. While egg weight and yolk weight improved as bird 
grow older, the score point of eggshell color, egg yolk index and 
pH of albumen decreased. On the other hand, the changes in egg 
shape index, egg shell weight, egg shell thickness, egg yolk 
color, pH of egg yolk and Haugh units were not observed. 
Moreover, it was reported that the supplementation in the diet of 
laying hens with co-extruded linseed and sunflower meal, 
paprika and marigold had no negative effect on physical 
characteristics of eggs and its addition was justified. In that 
respect, further investigations concerning nutritive benefits 
achieved by its supplementation needs to be conducted. 
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