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Abstract

 This study analyzed the internal and external quality traits of eggs derived from hens  
of different breeds, including Silkie, Sultan, Cochin Bantam, Brahma and White Leghorn.  
The highest mean weight was noted for eggs originating from the White Leghorns breed,  
and the lowest was for eggs from the Cochin Bantams. Simultaneously, both a positive correla-
tion between the egg weight and the percentage of albumen (r = 0.876) and a negative correlation 
between egg weight and the percentage of yolk (r = - 0.842) were found. The eggshell composi-
tion varied significantly in mean phosphorus amount, whereas the calcium content did not differ 
significantly. Despite this, eggshell strength varied significantly between breeds. Regarding  
cholesterol and fatty acid levels, the highest amount of cholesterol was noted in the Cochin  
Bantam breed, and the lowest was in the White Leghorn, although Leghorn was the breed  
characterized by the highest saturated fatty acid levels, and Cochin Bantam was the lowest.  
Regarding the polyunsaturated fatty acids (which have been proven to positively influence  
the cardiovascular system), the highest levels were obtained by Leghorn eggs, and the lowest 
were obtained by Silkie eggs. In conclusion, the study indicates that ornamental chicken breeds 
are a source of high-quality products, which could be attractive to consumers, additionally sup-
porting traditional farming and animal genetic resources.
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Introduction

Eggs, due to their high nutrient values, have been 
one of the most common and versatile food items since 
the prehistoric period (Song et al. 2000). Egg produc-
tion in EU-27 countries in 2020 amounted to over 6.9 
million tons. Poland is ranked sixth in terms of egg pro-
duction among EU member states, with a production 

rate at the level of 9%, followed by countries such  
as France, Denmark and Italy (https://agriculture.ec. 
europa.eu/farming/animal-products/eggs_en). 

Currently, the world poultry market is dominated  
by the commercial segment, focused on indoor environ-
ments and automated production systems and processes 
(Fraser 2008). For the egg industry the production 
economy has the greatest significance. According to 
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Hrnčár et al. (2013), the major factor affecting the eco- 
nomy of production is eggshell quality, since cracked 
eggshells present higher losses for egg producers. Egg-
shell quality can be described as eggshell thickness and 
eggshell strength. The organization of eggshell micro-
structure is determined by genetic, physiological and 
external factors (Rodriguez-Navarro et al. 2007). 
Among external factors, calcium and phosphorus levels 
have a significant impact on eggshell quality (Arpášová 
et al. 2010).

On the other hand, for consumers, the crucial  
are nutritional and health benefits of eggs are crucial. 
The nutritional value of eggs is distinguished by the 
presence of essential lipids, vitamins, minerals and 
high-quality protein, with all of the essential amino  
acids (Nys and Sauveur 2004), and simultaneously, 
eggs are offering a moderate calorie source and great 
culinary potential (Réhault-Godbert et al. 2019). Eggs 
are defined as a functional food containing various bio-
active compounds that can affect the proinflammatory 
and anti-inflammatory pathways. The egg can show  
immunomodulatory, anti-inflammatory, antioxidant, 
anticancer, and antihypertensive effects with its bio- 
active components (Sanlier and Ustun 2021). Also, the 
composition of fatty acids in egg lipids has especially 
been highly concerning for human health, such as satu-
rated fatty acids (SFA), monounsaturated fatty acids 
(MUFA) and polyunsaturated fatty acids (PUFA)  
(Polat et al. 2013). For instance, an adequate intake  
of n6:n3 PUFAs ratio positively influences the preven-
tion of cardiometabolic disease (Crowe-White et al. 
2018). In addition, n-6 and n-3 PUFAs are metabolized 
to yield eicosanoids, which elicit physiologic effects  
influencing metabolic health, including inflammation 
and insulin sensitivity (Patterson et al. 2012). The fatty 
acid composition of poultry eggs may be affected, 
among others, by diet, the age of the hen or geographic 
location (Milinsk et al. 2003). However, eggs, even 
though a valuable source of many nutrients in the hu-
man diet, also contain components whose intake should 
be kept low, among which the most important is choles-
terol. In line with recommendations of the American 
Heart Association (AHA), people should consume  
fewer than three whole eggs per week, which corre-
sponds to a cholesterol consumption of no more than 
300 mg/day (Krauss et al. 2001). This is crucial, since 
the relationship between dietary cholesterol and the risk 
of cardiovascular disease has been welldocumented. 
Moreover, Enjoji and Nakamuta (2010) underlined that 
excess cholesterol intake appears to be one of the main 
factors in the development of nonalcoholic fatty liver 
disease. 

The industrialization and globalization of chicken 
production in the 20th century adversely affected  

the distribution of chicken genetic resources world-
wide, practically limiting the breed composition to 
commercial stocks of broilers and egg-type, laying hens 
(https://www.iaea.org/resources/news-article/genetic- 
characterization-of-indigenous-chicken-breeds-in-search- 
for-unique-properties-of-immune-related-genes). Modern, 
large-scale, poultry product producing farms usually 
utilize cage housing systems, because of its ease of use, 
easy maintenance and ability to keep a larger number  
of hens in a smaller area. Even though the 1999/74/EC 
Council Directive clearly determines minimum condi-
tions that must be provided for keeping laying hens, 
other research revealed that caged hens showed  
increased tonic immobility durations (which indicates 
fearfulness) and increased feather corticosterone con-
centration (an indicator of chronic stress) compared  
to hens that were housed in enriched pens (Campbell  
et al. 2022). Now, as ethical and environmental con-
cerns regarding current poultry production systems 
arise, consumers are looking for alternatives (Escobedo 
del Bosque et al. 2021). Over the last decade, consumer 
willingness to pay for cage-free eggs has led to an  
increase in research in this area (Lusk 2019). Some  
research showed that people pay more attention to ani-
mal welfare issues than environmental concerns (Heng 
et al. 2013), and there is a demand for more natural, 
animal-friendly backyard egg production systems  
(Lemos Teixeira et al. 2018). Except for the high-pro-
ductive lines and breeds of chicken, people often keep 
ornamental breeds, not only for aesthetic reasons and as 
a hobby, but also to produce a high number of eggs. 
Moreover, ornamental breeds provide a pool of poten-
tially useful genetic resources for commercial layers (Ajayi 
2010, Lordelo et al. 2020). According to Malomane  
et al. (2019) ornamental breeds, as highly diverse 
breeds, are maintained for the sustainability and flexi-
bility of future chicken breeding. They should be per-
ceived as valuable not only due to their unique appear-
ance, but also for their egg production. Moreover, 
ornamental breeds are well characterized in terms  
of color, feathers, and morphological features (Bernacki 
and Kaszyński 2013) with low awareness about quality 
of eggs produced by them. Furthermore, the majority  
of studies focused on the quality of eggs derived from 
commercial breeds and the impact of diet fed on their 
physical characteristics, fatty acids and sensory proper-
ties (Drażbo et al. 2014). 

The aim of this study was to determine the quality 
of eggs obtained from different ornamental chicken 
breeds. The five most commonly reared ornamental 
breeds, such as White Leghorn, Brahma, Cochin  
Bantam, Sultan, and Silkie, were selected for the study. 
All chosen breeds were standardized and Sultan  
was classified as Miscellaneous breed, White Leghorn 
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as Mediterranean breed, and Brahma, Cochin Bantam 
and Silkie as Asiatic breed (Allonby et al. 2018).  
Because ornamental breeds lay well, it seems crucial  
to characterize the properties of eggs derived from 
them. It has been well described that both genetic and 
environmental factors influence the quantity and quality 
of eggs (Goto and Tsudzuki 2017, Wilson 2017). There-
fore, for better understanding of the impact of the genet-
ic factors on traits of eggs, it is important to perform 
studies on different breeds reared under the same condi-
tions and eating the same feed. In this study we aimed 
to reveal breed effect on external and internal traits  
of eggs, and to estimate the correlations between egg 
traits and fatty acid profile using 5 ornamental chicken 
breeds.

Materials and Methods

Egg sampling

This study was run in accordance with Directive  
no. 2010/63/EU and did not require the approval  
of the Local Ethics Committee based on the regulation 
of the Ethic Committee of November 2019 (resolution 
no. 174/2019). A total of 25 laying hens – 5 from each 
of the breeds: Leghorn, Brahma, Silkie, Cochin Bantam 
and Sultan, all at the age of 46 weeks (hatched in May 
2020) were reared in a non-commercial farm located  
in middle-eastern Poland, in Mazovian region.  
The average hen body weight was approximately 2.2 kg 
for Leghorn, 3.7 kg for Brahma, 0.8 kg for Cochin  
Bantam, 1.6 kg for Sultan and 1.4 kg for Silkie.  
The hens were divided into five groups, one group  
per breed. Each group was in separate chicken coops 
with a bed of wood shavings and its own run. Each sec-
tion was 4 x 2 m with a stocking density of 1.6 m2 per  
1 hen. Inside each chicken coop there was a straw-bed-
ded nest. The birds were reared in the same environ-
mental conditions and fed with the same feed ad libi-
tum. Laying hens were fed mixtures whose nutritional 
value are given in Table 1. The metabolizable energy  
of their diet was 2800 kcal per 1 kg of feed. Altogether, 

50 eggs obtained from different chicken breeds were 
tested, with 10 eggs from each breed being collected 
daily on different occasions and analyzed within 24 
hours post-laying. The experiment was conducted over 
a 2-month period (April and May 2021). 

Physical characteristics

Egg quality criteria were determined in 50 eggs, ten 
eggs per breed. The eggs were individually weighed on 
a Digital Analytical Balance (Radwag XA 110.4Y.A 
plus, d=0.01 mg). A Digital Vernier Caliper (General 
Tools & Instruments, USA) with a resolution of  
0.01 mm was used to measure the width and length  
of the eggs. The shape index (SI) was calculated based 
on the ratio of egg width to egg length. Subsequently, 
eggshell strength was measured using an egg force 
reader (Orka Food Technology). The eggs were placed 
vertically, with the blunt end up, between two flat  
steel plates and compressed at a speed of 1 mm/min. 
The results were shown in kgf (kilogram-force) after 
each egg broke. The eggs were broken carefully, and the 
content (both yolk and albumen) was smoothly deposi- 
ted on a flat glass plate. The height of the yolk was  
measured with a micrometer screw (d=0.01 mm), and 
the yolk diameter was measured with a Digital Vernier 
Caliper (General Tools & Instruments, USA), d=0.01 
mm. The yolk index was calculated by dividing the yolk 
height by the yolk diameter (Funk 1948). Yolk color 
was evaluated visually with a Roche yolk color fan.  
A Digital Haugh Tester (Orka Food Technology) was used 
to measure albumen height. Three measurements were 
carried out at different points of the thick albumen at  
a 7 mm distance from the egg yolk and given as an average. 

Using albumen height and egg weight, Haugh units 
(HU) were calculated based on the following formula 
(Haugh 1937):

HU = 100* log10 (H – 1.7*W 0.37 + 7.6),
where:  H  – albumen height (mm),  

W – egg weight (g).
To determine the yolk weight, the yolk was care- 

fully separated from the albumen using an egg separator 

Table 1. Nutritional value of layers feed.

Ingredients % composition
Total protein 15.5
Crude fat 5.40
Crude ash 4.00
Crude fibre 13.40
Lysine 0.74
Methionine 0.37
Calcium 4.00
Phosphorus (non phytin) 0.42
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and gently rolled on towel paper to remove the remain-
ing albumen and was then placed on a Lab Digital  
Balance (Radwag, Poland).

Every eggshell was driedout at room temperature 
for 72 hours. After drying, each eggshell was weighed 
using a Lab Digital Balance (Radwag, Poland).  
Subsequently, the egg membranes were removed, and 
the eggshell thickness was measured using a thickness 
gauge (Mitutoyo, Japan), d=0.01 in three zones (blunt 
end, sharp end and the equator) and the mean of the 
three measurements was calculated. Albumen weight 
was calculated by subtracting the yolk and eggshell 
weight from the whole egg weight.

Chemical analysis

The level of fatty acids and cholesterol was mea-
sured in 40 egg yolks, using eight yolks from each 
group.

Fatty acid profile

Concentrations of FA (fatty acids) were determined 
in fresh eggs using the Folch method (Haugh 1937). 
Egg yolks (c. 5-6 g) were dissolved and homogenized 
in a chloroform-methanol mixture (2:1), and then fil-
trated. The extract obtained was rinsed with HPLC-MS 
grade water and left for 12 hours to separate the phases. 
The non-polar phase with yolk fat was separated  
and evaporated using a Rotary Evaporator (Heidolph 
Instruments, Germany). Following this, 50-60 mg of 
the remaining fat was transferred to 2 cm3 ampoules, 
1500 µL of methanol-chloroform-sulphuric acid 
(100:100:1 v/v) mixture was added, and the ampoules 
were closed by melting their tops with an open flame. 
Closed vials were placed in a dryer at 90°C and were 
heated for 120 min. After solvent evaporation and  
ampoule cooling, 0.5-1 mL of hexane was added  
to each sample and thoroughly mixed. The resulting  
fatty acid methyl esters (FAMEs) were analyzed using  
a Unicam PU 4600 gas chromatograph with flame- 
-ionization detection. The fatty acid methyl ester  
was injected at 290°C, separated in a capillary column 
(30 m, 0.40 mm, 0.25 μm; Supelcowax 10) and detected 
via flame-ionization at 300°C; carrier gas: argon;  
flow rate: 50 mL/min. The peaks of fatty acids were 
identified by comparing their relative retention times 
with those of individual FAME reference standards 
(Supelco, Sigma Aldrich group) diluted in hexane 
(1:1,1:2,1:3,1:4 v/v).

Cholesterol levels

Cholesterol was separated from the fat, as described 
previously by Folch et al. (1957), after saponification 
with KOH and extraction with ethyl ether, using the 

modified method of the International Dairy Federation 
(1992). The samples were subjected to an HPLC analy-
sis in a Merck UV-VIS chromatograph (Germany)  
according to the Nogueir and Bragagnolo method 
(2002), under the following conditions: column:  
LiChzocard C18 (125 x 4 mm), wavelength: 210 nm. 
The mobile phase was: methanol:acetonitrile (95:5 v/v) 
at a flow rate of 1 mL/min. Internal standard: dotriacon-
tane C32H66 (Sigma, St. Louis, MO). Cholesterol content 
was calculated and expressed as milligrams per gram  
of yolk fat. 

 
Ca and P content in eggshells

The eggshells collected from all breeds were 
washed with water, dried in air and powdered. 100 mg 
of each sample was then weighed and placed in a diges-
tion PTFE vessel, 8 mL of 65% nitric acid (Suprapur; 
Merck, Darmstad, Germany) was then added, and the 
samples were placed in Titan MPS microwave sample 
preparation system (Perkin Elmer, Waltham, MA).  
The sample digestion was performed in accordance 
with the following program. The 1st step was performed 
at 160°C, ramp was 10, hold was 10 and the P value  
was 80%. The 2nd step was performed at 190°C  
with the ramp at 5, hold 20 and the P value was 90%. 
The 3rd step took place at 50°C with the ramp at 1 and 
the hold was 10. The P value was 0%. In all 3 steps the 
pressure was 30 bar. After digestion, the samples were 
quantitatively transferred into 50 mL flasks and filled 
up to the mark with 1% nitric acid solution. Because  
of the expected high concentrations of calcium, all the 
previously prepared samples were diluted in a 1:250  
1% nitric acid solution to enable an analysis of the Ca 
concentration.

An inductively coupled plasma-optical emission 
spectrometer (Optical Emission Spectrometer Avio TM 
200, Perkin Elmer) was used for the measurements of 
the following elements: Ca and P. The setup parameters 
of the spectrometer were: Plasma gas flow 10 L/min, 
auxiliary gas flow 0.2 L/min, gas flow through atomizer 
0.7 L/min, plasma power 1500W, plasma observation 
height 15 mm, sample flow 1 mL/min and the delay 
time 30 sec. The wavelength was set as 317,938 nm for 
Ca, 213,622 nm for P and 371,029 nm for Yttrium.

Calibration and Accuracy of the Method: Calibra-
tion of the spectrometer for each element was per-
formed using aqueous calibration standards. Calibra-
tion solutions were prepared from a 1000 mg⁄L stock 
solution (Merck) by dilution in 1% (v/v) HNO3.  
For each element, five standard solutions of different 
concentrations were prepared. The ranges of calibration 
curves were as follows: 0-50 mg⁄L for P; 0-100 mg ⁄L 
for Ca. Yttrium was chosen as the internal standard.
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Statistical analysis

A statistical analysis was conducted using Statistica 
version 13.3 software (Statsoft, Poland). The data were 
expressed as mean (± standard deviation (SD). Shapiro- 
-Wilk’s test was used to analyze the normal distribution 
of values. To identify the differences between each 
treatment, a one-way ANOVA was performed, followed 
by the Tukey test. For abnormally distributed data,  
the Kruskal-Wallis test was performed, followed by  
a double comparison (the Mann-Whitney test). The sig-
nificance was determined at p<0.05. Pearson’s correla-
tion coefficients between the different parameters were 
calculated.

Results

Physical characteristics

There were statistically significant differences be-
tween breeds for the majority of physical characteristics 
tested (Table 2). The average weight of eggs varied 
from the lowest in the Cochin Bantam breed to the 
highest in the Leghorn breed (p<0.05). 

Moreover, a positive correlation between the egg 
weight and percentage of albumen and a negative cor-
relation between egg weight and percentage of yolk 
were found (Table 3). 

The Cochin Bantam hens laid the lightest eggs with 
the lowest percentage of albumen and the highest per-
centage of yolk, while Leghorn hens laid the heaviest 
eggs with the highest percentage of albumen and  
the lowest percentage of yolk. Additionally, there were 
significant differences in Haugh unit (HU) and yolk  
index (YI) between eggs derived from different breeds. 

Table 2. Internal and external quality traits of eggs.

Leghorn Brahma Cochin b. Sultan Silkie P value

Egg weight [g] 63.63a±3.98 55.85b±2.64 30.29e±1.38 44.88c±1.57 41.15d±0.97 0.000

Shape index (SI) 75.05b±1.79 73.25b±2.29 78.58a±1.31 77.77a±1.91 77.95a±0.90 0.000

Yolk index  (YI) 42.92b±3.37 44.64ab±2.00 46.60a±1.77 38.86c±2.69 45.25ab±2.61 0.000

Yolk color 9.7b±1.49 11.3a±1.27 10.0b±0.89 9.1b±1.76 10.1ab±0.94 0.016

Albumen height [mm] 8.07a±1.49 6.61b±0.71 5.38c±0.50 5.59c±0.85 5.58c±0.75 0.000

Haugh unit (HU) 88.10a±9.27 82.28ab±4.28 84.28ab±2.65 79.06b±6.57 80.73ab±4.90 0.025

Yolk content [%] 24.05d±1.70 29.35c±2.10 34.57a±0.89 31.50b±1.45 30.90b±0.63 0.000

Albumen content [%] 66.75a±1.66 61.60b±1.97 55.68d±1.07 59.40c±1.59 59.11c±0.54 0.000

Eggshell content [%] 9.20bc±0.32 9.05c±0.45 9.75ab±0.42 9.10c±0.42 9.98a±0.46 0.000

Eggshell thickness [mm] 0.33a±0.02 0.31ab±0.02 0.27c±0.02 0.29b±0.01 0.32a±0.03 0.000

Eggshell strength [kgf] 3.34bc±0.69 4.04ab±0.43 2.98c±0.41 3.195c±0.52 4.34a±0.54 0.000

Ca in eggshell [%] 35.63±0.98 35.63±1.82 34.49±1.74 35.32±2.12 35.16±1.90 0.638

P in eggshell [%] 0.13±0.05 0.161±0.04 0.15±0.04 0.164±0.03 0.20±0.06 0.120

a, b, c, d, e – Means within a row with different superscripts differ significantly (p<0.05)

Table 3. Correlations of internal egg quality characteristics.

Shape 
index

Yolk 
index

Haugh 
unit

Yolk 
content

Albumen  
content

Cholesterol 
content

Egg weight - 0.656 - 0.239 0.177 - 0.842* 0.876* - 0.074
Shape index 0.011 - 0.183 0.476 - 0.518* - 0.269
Yolk index 0.408* 0.103 - 0.145  0.296
Haugh unit - 0.251 0.240 0.134
Yolk content - 0.990* 0.228
Albumen content - 0.229

* p<0.05
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The highest mean value of YI was observed in eggs  
derived from Cochin Bantam hens and the lowest was 
observed in eggs from the Sultan breed (p<0.05).  
HU values (describing albumen quality) were noted  
as the lowest in the Sultan hens and the highest in the 
Leghorn group (p<0.05). 

In relation to yolk color, the most hued egg yolks 
were collected from the Brahma group and the palest 
were from the Sultan breed. 

The calculated egg shape index (SI) also differed 
significantly between breeds (p<0.05). Moreover, a sig-
nificant negative correlation between egg shape index 
and egg weight was reported (Table 4). Similarly, there 
were significant differences in the shell content of eggs 
derived from different breeds (results varied from the 
lowest value in Brahma to the highest in Silkie hens). 
The breed had an impact on the shell thickness, and the 
lowest value observed was obtained from Cochin  
Bantam hens, while the highest was in the Leghorn 
breed (p<0.05). Inherent to eggshell thickness are the 
eggshell strength and the mineral content of Ca and P. 
The strength of eggshells varied from the lowest in eggs 
derived from the Silkie breed to the highest in the  
Cochin Bantam breed. There were no statistically  
significant differences in the level of calcium between 
eggs derived from different breeds. In contrast to cal- 
cium concentration, the phosphorus amount in egg-
shells differed significantly between breeds. The high-
est result was noted in the Silkie breed and the lowest  
in the Leghorn breed. 

Fatty acid profile

The composition and content of fatty acids are  
given in Table 5. The percentage of saturated fatty acids 
(SFAs) in eggs was at a similar level in the majority  
of tested breeds with significantly lower content in the 
Cochin Bantam breed. The most abundant was palmitic 
acid C 16:0 (the lowest result in the Cochin Bantam 
group and the highest in the Brahma group), regardless 
of the origin of eggs, while the least was pentadecanoic 
acid C 15:0 (the lowest value in Brahma eggs and the 
highest in Sultan eggs).

In relation to the content of monounsaturated fatty 
acids (MUFAs), significantly lower values were ob-
served in eggs derived from Leghorn and Sultan breeds 
compared to eggs derived from the remaining breeds 
(p<0.05). Irrespective of the breed, oleic acid (C 18:1 
cis-9) was the most abundant MUFA in all tested eggs 
ranging from the lowest result in Leghorn to the highest 
in Silkie, while myristoleic acid (C 14:1) was at the 
lowest level (ranging from the lowest value obtained  
in the Sultan breed to the highest in the Brahma breed).

Similarly, there were differences noted in PUFAs 
content and their composition in egg yolk, depending 
on the breed. The largest amount of PUFAs was noted 
in eggs originating from the Leghorn breed and the low-
est was in the Brahma breed. Across all the breeds, the 
most abundant PUFA in eggs was linoleic acid (C 18:2), 
ranging from the lowest level in the Brahma group to 
the highest in the Sultan group, while the least abundant 
was dihomo-γ-linolenic acid (C 20:3 n6) ranging from 
the lowest value in the Sultan breed to the highest in the 
Leghorn breed.

The impact of breed on n6/n3 fatty acid ratios in the 
yolk of eggs was also noted (p<0.05). The lowest ratio 
was observed in eggs laid by the Leghorn breed and the 
highest was noted in the Sultan breed.

Cholesterol levels

The mean yolk cholesterol content in eggs laid  
by hens of different breeds is presented in Table 5.  
The cholesterol levels ranged from the lowest result  
in Leghorn eggs to the highest in Cochin Bantam eggs 
(p<0.05). Moreover, there was a weak correlation  
between the percentage of yolk in the egg and choles-
terol content (Table 3). 

Discussion

The influence of hen breed on egg quality has  
been widely described and confirmed by many authors 
(Lordelo et al. 2020, Nolte et al. 2021), and this correla-
tion has a significant impact taking into consideration 

Table 4. Correlations of external egg quality characteristics.

Shape  
index

Eggshell  
content

Eggshell  
thickness

Eggshell 
strength

Calcium  
content

Phosphorus
content

Egg weight - 0.656* - 0.502* 0.583* 0.157 0.224 - 0.157
Shape index 0.445* - 0.299* - 0.165 - 0.083 0.152
Eggshell content 0.169 0.229 - 0.187 0.024
Eggshell thickness 0.589* 0.154 - 0.060
Eggshell strength 0.090 0.087
Calcium content 0.284*

* p<0.05
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the preferences of consumers. According to Arthur and 
O’Sullivan (2005), worldwide, egg customers have 
much in common, generally preferring eggs which  
have a sound shell, uniform shell color, freedom from 
obvious blood and meat spots and a reasonably upright 
egg white. Moreover, Drabik et al. (2021) emphasised 
that egg quality is also determined by factors such  
as the age of the birds, housing system, and feeding  
regime. The results presented by many authors usually 
refer to eggs obtained from commercial hybrid hens, 
although there is much less data on the quality of eggs 
obtained from ornamental chicken breeds. 

Egg weight is a crucial criterion that affects the  
retail value of eggs. In the current study, significant dif-
ferences in egg weight were found between tested 
breeds. Interestingly, this physical trait is not correlated 
with the body weight of the birds. The heaviest eggs 
were obtained from the Leghorn hens, and the lightest 

eggs were obtained from Cochin Bantam hens, while 
the hen body weights varied from the lowest in Cochin 
Bantam to the highest in Brahma. Moreover, many  
authors noted that egg shape significantly affects the 
shape index (She et al. 2009, Aygun and Yetişir 2010, 
Duman et al. 2016). As mentioned by Shaker et al. 
(2017), shape index (SI) may be considered as a good 
indicator to characterize species as well as egg quality, 
and the authors suggested that shape index is affected 
by genetic and environmental factors. The eggs are 
classified with respect to shape index as sharp eggs  
(SI<72), oval eggs (SI=72-76) and round eggs (SI>76) 
(Duman et al. 2016). Interestingly, the most desired  
are eggs with SI ranging from 72 – 76, because this  
is directly correlated with the mechanical properties  
of eggs. Altuntaş and Şekeroğlu (2008) also showed 
that these eggs are the most resistant to compression.  
In the current study, two out of five breeds, Leghorn  

Table 5. Fatty acid composition and cholesterol levels.

Group
P value

Leghorn Brahma Cochin Sultan Silkie
Total SFA, including: 35.94a±1.12 35.93a±1.50 32.96b±0.35 35.74a±0.66 34.7a±0.91 0.000
C 14:0 0.38±0.08 0.38±0.04 0.34±0.04 0.35±0.01 0.37±0.01 0.188
C 15:0 0.09±0.01 0.05±0.01 0.06±0.01 0.15±0.00 0.07±0.01 0.276
C 16:0 25.99ab±0.96 26.7a±1.44 24.67c±0.35 25.4bc±0.59 25.5abc±0.64 0.001
C 17:0 0.27a±0.03 0.15c±0.03 0.17bc±0.02 0.21b±0.01 0.19b±0.03 0.000
C 18:0 9.01ab±0.41 8.45bc±0.56 7.51d±0.29 9.41a±0.18 8.39c±0.43 0.000
C 22:0 0.19±0.07 0.2±0.02 0.21±0.07 0.23±0.03 0.18±0.04 0.530
Total MUFA, including: 44.85b±2.71 49.01a±2.51 48.38a±1.00 45.51b±2.00 49.37a±0.91 0.000
C 14:1 0.06b±0.02 0.09a±0.03 0.07ab±0.01 0.05b±0.01 0.05b±0.01 0.000
C 16:1 2.52c±0.57 3.7a±0.66 3.38ab±0.31 2.4c±0.24 2.95bc±0.24 0.000
C 17:1 0.17a±0.02 0.13b±0.03 0.16a±0.02 0.15ab±0.01 0.16a±0.02 0.002
C 18:1 cis-9 40.07b±2.69 42.37ab±2.70 41.73ab±0.73 41.01ab±1.77 43.57a±0.98 0.012
C 18:1 cis-11 1.76c±0.12 2.4b±0.27 2.72a±0.17 1.63c±0.08 2.32b±0.18 0.000
C 20:1 0.27±0.05 0.32±0.04 0.31±0.03 0.27±0.02 0.31±0.04 0.560
Total PUFA, including: 19.21a±2.25 15.06b±1.64 18.66a±0.95 18.75a±2.50 15.94b±1.54 0.000
C 18:2 14.79a±1.98 11.41c±1.57 14.15ab±0.93 14.94a±2.33 12.3bc±1.45 0.000
C 18:3 0.66a±0.16 0.32b±0.06 0.34b±0.12 0.43b±0.10 0.43b±0.12 0.000
C18:3 γ-lin 0.18a±0.02 0.14bc±0.04 0.14bc±0.01 0.17ab±0.02 0.12c±0.02 0.000
C 20:2 0.16ab±0.04 0.14b±0.03 0.19a±0.02 0.14b±0.02 0.13b±0.02 0.000
C 20:3 (n-6) 0.16a±0.02 0.13b±0.02 0.18a±0.01 0.11b±0.01 0.12b±0.01 0.000
C 20:4 (n-6) 1.93bc±0.21 2.11b±0.17 2.49a±0.13 1.83c±0.07 1.91bc±0.26 0.000
C 22:5 (n-6) 0.40b±0.08 0.31bc±0.09 0.53a±0.09 0.55a±0.08 0.28c±0.06 0.000
C 22:6 (n-3) 0.93a±0.11 0.49c±0.12 0.64bc±0.04 0.57bc±0.05 0.66b±0.18 0.000
n3 1.58a±0.23 0.82c±0.1 0.98bc±0.15 1.00bc±0.15 1.08b±0.22 0.000
n6 15.54a±2.1 12.00c±1.57 15.01ab±0.9 15.80a±2.3 12.82bc±1.43 0.000
n6/n3 10.03c±2.1 14.96ab±2.87 15.6ab±2.1 15.77a±1.02 12.30bc±3.03 0.000
cholesterol (mg/g of yolk fat) 31.96b±7.25 44.44ab±7.63 52.20a±14.52 35.3b±7.93 38.69b±11.43 0.000

a, b, c, d – Means within a row with different superscripts differ significantly (p<0.05)



426 J. Tyc et al.

and Brahma, were laying eggs characterized as “oval”. 
For eggs obtained from the remaining breeds, their SI 
values were slightly higher than 76, and these eggs were 
described as “round”. In a study conducted by Kaszyński 
and Bernacki (2014), the SI of eggs laid by Silkie hens 
increased during the laying period and was from 71.56 
in the early egg production period up to 77.63 at the end 
of the laying period, which resulted in a mean value  
of 74.78. It is worth noting that since that study was 
conducted at the end of the laying period, these findings 
were close to the current results. Similarly, research  
carried out by Hrnčár et al. (2015) revealed that the SI 
of Brahma eggs was 76.24, which was slightly higher 
than the current result; however, the observed values 
did not differ significantly. According to Liswaniso et 
al. (2020), the correlation between the egg weight and 
egg shape index is triggered by the presence of the 
heavier part of the egg (egg white) in its wider part. 
These findings are in accordance with the current  
studies, in which, as the egg weight increases, the 
weight of the albumen increases, resulting in a decrease 
in the proportion of yolk to albumen. Studies performed 
by Ianni et al. (2021), also showed that the heaviest 
eggs collected from commercial hybrid hens were  
characterized by a lower proportion of yolk (24.5%) 
compared to eggs obtained from Nera Atriana hens, 
which were lighter, but had a higher yolk amount 
(29.09%). The current authors found that the yolk  
to albumen ratio ranged from 0.36 in Leghorn to 0.62  
in Cochin Bantam, and these findings are in accordance 
with studies performed by Moula et al. (2009) showing 
that the yolk/albumen ratio is negatively correlated with 
egg weight. 

It has been commonly assumed that the main indi-
cators to measure the quality of eggs are the Haugh unit 
and the yolk index (Shi et al. 2009). The yolk index  
is a utility that describes yolk flattening, and it gives 
information about egg freshness. The yolk index  
decreases when the vitelline membrane becomes  
weaker and allows water to migrate from the albumin 
(Jones and Musgrove 2005). This phenomenon is inten-
sified over the storage period, but the higher the initial 
value is, the slower it progresses. Eggs with a YI value 
higher than 38 are classified as “extra fresh”. Values  
between 38-28 are “fresh”, and eggs with YI lower than 
28 are “regular”. In the current study, since the YI  
varied from 38.86 in the Sultan breed to 46.60 in the 
Cochin Bantam, all eggs were classified as “extra 
fresh”. 

The Haugh unit, which was introduced by Haugh  
in 1937, is an index that adjusts the height of the thick 
inner albumen according to the weight of the egg  
and relates well to the egg quality (Rafea 2019,  
Hisasaga et al. 2020). The higher the HU value, the bet-

ter the albumen quality of the eggs (Stadelman 1995). 
Generally, an HU greater than 72 indicates an AA grad-
ing for the egg, and AA is the highest quality egg,  
followed by A and B (Jones 2012). In the current study, 
all eggs derived from the different breeds were labeled 
as AA grade. Similarly, in a survey of the quality of 
brown eggs derived from five brands in the USA, most 
brands were AA quality (Hisasaga et al. 2020). Studies 
performed by Jones and Musgrove (2005) indicated 
that extended cold storage led to decreases in egg 
weight, albumen height and HU.

The yolk color has a relevant influence on the per-
ception of egg quality by consumers. The current  
results showed that breed had a significant impact on 
yolk color. It is generally considered that the differences 
in yolk color are influenced by the feed additive;  
Grashorn (2016), and Hammershøj and Johansen (2016) 
stated that the grasses and herbs consumed by free-
range hens have an impact on yolk color intensity. 
However, Hanusova et al. (2015) and Krawczyk (2017) 
revealed the prevalence of diversity in yolk color  
between hens of different genotypes. These authors also 
noted that individual birds absorb xanthophyll pigments 
to a large extent.

Eggshell quality traits play an important role  
because only eggs with an intact shell are considered 
for hatching or as table eggs (Ketta and Tumova 2017). 
Therefore, eggshell strength and other eggshell charac-
teristics, such as eggshell thickness, are the major indi-
rect parameters for the evaluation of eggshell quality 
(Yan et al. 2014). In the current study, it was found that 
breed significantly impacts eggshell strength, and the 
eggshell strength was increased with eggshells becom-
ing thicker. However, the highest and the lowest break-
ing strength was noted in eggs laid by Silkie and Cochin 
Bantam, while Cochin Bantam and Leghorn had the 
thinnest and thickest eggshells, respectively. According 
to Bain (2005) although thickness is the main factor 
contributing to the mechanical strength of an eggshell, 
thicker eggshells do not guarantee stiffer or stronger 
eggs. Considering the findings noted by Stadelman 
(1995) that an eggshell thickness of at least 0.33 mm  
is necessary for the eggs to have at least a 50% chance 
to withstand normal handling conditions without break-
age, among the tested breeds, only Leghorn hens laid 
eggs with appropriate shell thickness. 

The current study found a very weak correlation  
between the eggshell strength and the amount of P and 
Ca. Calcium is the main mineral component of the egg-
shell, with the most common crystalline form of cal- 
cium being calcium carbonate (CaCO3) with 93.6%, 
followed by calcium triphosphate (0.8%) and magne-
sium carbonate (Neunzehn et al. 2015). Therefore,  
the critical component for shell strength and integrity  
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is appropriate calcium and phosphorus metabolism and 
utilization. However, older hens may have a reduced 
ability to absorb Ca from the diet, requiring constant 
supplementation of this nutrient in the feed. In addi- 
tion, as the hen ages and the eggs become larger,  
a similar amount of calcium must be spread over  
a larger area, thus reducing the thickness and, conse-
quently, the strength of the shell (Świątkiewicz et al. 
2018). Rodríguez-Navarro et al. (2002) reported that 
eggshells from aged hens had lower strength against 
breakage and showed greater variability in their struc-
tural properties, such as thickness, grain morphology 
and crystallographic texture. According to Park and 
Sohn (2018), due to the physiological characteristics  
of the hen and the physiochemical properties of the egg-
shell, it is posited that hen aging reduces the strength  
of the eggshell and degrades eggshell quality. 

The fatty acid composition of the eggs is highly 
variable, probably reflecting differences in the diets of 
hens (Fraeye et al. 2012). This statement was confirmed 
by Kosewski et al. (2021), who found significant diffe- 
rences in the percentage of saturated fatty acids in egg 
yolks depending on the hen breeding method. However, 
in the current study, differences in the fatty acid compo-
sitions of yolk derived from different breeds were noted 
even though they were fed the same feed. Polat et al. 
(2013) also noted the differences in concentrations  
of fatty acids among eggs derived from poultry species 
kept in their natural environment. Additionally, the dif-
ferences in the percentage of fatty acids between breeds 
did not affect their composition – in all breeds, palmitic 
acid was the main SFA, oleic acid was the main MUFA, 
and linoleic acid was the main PUFA. These acids were 
also noted as prevailing in yolks of chicken eggs  
derived from organic, free-range and cage farming 
(Kosewski et al. 2021) or in eggs derived from chicken, 
goose, duck, turkey, peacock and pheasant (Polat et al. 
2013). 

One of the most important and quality-determining 
compounds of eggs are omega-3 (n-3) and omega-6  
(n-6) PUFAs, which must be provided by food because 
they cannot be synthesized in humans (Kaur et al. 2014, 
Mariamenatu and Abdu 2021). However, the n6:n3  
ratio is crucial, as it is an important determinant  
of adequate fatty acid intake as well as preventing the 
occurrence of diseases (Hamady 2013, Neijat et al. 
2016). Conventional hen diets result in eggs with  
a n6:n3 ratio of about 13:1 (Hamidu et al. 2022), which 
corresponds with the current findings. However, the 
currently recommended ratio of omega-6 to omega-3 
intake is 4 to 1, as this proportion has an impact on car-
diometabolic health and may reduce the risk of throm-
bosis, vascular wall inflammation and myocardial ar-
rhythmia (Crowe-White 2018). Taking into consi- 

deration cardiovascular disease, people should limit 
their intake of cholesterol, and eggs, especially the yolk, 
are a major source of dietary cholesterol. A large egg, 
approx. 50 g, contains approximately 186 mg of choles-
terol (Hamidu et al. 2022). In the current study,  
the cholesterol levels were the lowest in Leghorn eggs 
and the highest in Cochin Bantam eggs. Cholesterol 
levels depend on many factors, including the origin  
of the hens, their age, the housing system and the type 
of feed consumed. According to Basmacioglu and Ergul 
(2005), egg cholesterol levels have been shown to vary 
with the species breed or strain of the bird. Rizzi  
and Chiericato (2010) add that a higher concentration  
of cholesterol in the yolk is typical for eggs from native 
breeds in comparison with commercial hybrids, which 
is caused by the lower laying intensity of native breeds. 
Zemková et al. (2007) showed that the concentration  
of cholesterol in the yolk is influenced by both the hous-
ing system and the age of the laying hens.

References

Ajayi FO (2010) Nigerian indigenous chicken: A valuable  
genetic resource for meat and egg production. Asian J Poult 
Sci 4: 164-172.

Allonby JIH, Wilson PB (2018) Large fowls and bantams.  
In: British poultry standards: complete specifications and 
judging points of all standardized breeds and varieties  
of poultry as compiled by the specialist affiliated breed 
clubs and recognized by the Poultry Club of Great Britain. 
Wiley-Blackwell, UK, pp 31-344.

Altuntaş E, Şekeroğlu A (2008) Effect of egg shape index  
on mechanical properties of chicken eggs. J Food Eng  
85: 606 - 612.

Arpášová H, Halaj M, Halaj P (2010) Eggshell quality and calci-
um utilization in feed of hens in repeated laying cycles. 
Czech J Anim Sci 55: 66-74. 

Arthur JA, O’Sullivan N (2005) Breeding chickens to meet egg 
quality needs. Int Hatch Pract 19:7-9.

Aygun A, Yetisir R (2010) The Relationship among egg quality 
characteristics of different hybrid layers to forced molting 
programs with and without feed withdrawal. J Anim Vet 
Adv 9 : 710-715.

Bain MM (2005) Recent advances in the assessment of eggshell 
quality and their future application. Worlds Poult Sci J  
61: 268-277.

Basmacioglu H, Ergul M (2005) Characteristic of egg in laying 
hens. The effect of genotype and rearing system. Turk J Vet 
Anim Sci 29: 157-164.

Bernacki Z, Kaszynski B (2013) Assessment of egg quality and 
hatch results of different origin hens. Acta Sci Pol Zootech 
12: 3-14.

Campbell AM, Johnson AM, Persia ME, Jacobs L (2022) Effects 
of Housing System on Anxiety, Chronic Stress, Fear, and 
Immune Function in Bovan Brown Laying Hens. Animals 
(Basel) 12: 1803.

Crowe-White KM, Cardel MI, Burkhalter HH, Huo T,  
Fernández JR (2018) Higher n-6: n-3 Fatty Acid Intake Is 



428 J. Tyc et al.

Associated with Decreased Cardiometabolic Risk Factors  
in a Racially Diverse Sample of Children. Current Dev  
Nutr 2: nzy014.

Drabik K, Karwowska M, Wengerska K, Próchniak T,  
Adamczuk A, Batkowska J (2021) The Variability  
of Quality Traits of Table Eggs and Eggshell Mineral Com-
position Depending on Hens’ Breed and Eggshell Color. 
Animals (Basel) 11: 1204.

Drażbo A, Mikulski D, Zduńczyk Z, Szmatowicz B, Rutkowski 
A, Jankowski J (2014) Fatty acid composition, physico-
chemical and sensory properties of eggs from laying hens 
fed diets containing blue lupine seeds. Europ Poult. Sci  
78: 245-252.

Duman M, Sekeroglu A, Yildirim A, Eleroglu H, Camci O 
(2016) Relation between egg shape index and egg quality 
characteristics. Europ Poult Sci 80: 1-9.

Enjoji M, Nakamuta M (2010) Is the control of dietary choles-
terol intake sufficiently effective to ameliorate nonalcoholic 
fatty liver disease? World J Gastroenterol 16: 800-803.

Escobedo del Bosque CI, Spiller A, Risius A (2021) Who Wants 
Chicken? Uncovering Consumer Preferences for Produce  
of Alternative Chicken Product Methods. Sustainability  
13: 2440.

European Commission. Agriculture and rural development. 
Available online: https://agriculture.ec.europa.eu/farming/
animal-products/eggs_en (accessed on 16th October 2022).

Folch J, Lees M, Sloane Stanley GH (1957) A simple method  
for the isolation and purification of total lipids from animal 
tissues. J Biol Chem 226: 497-509.

Fraeye I, Bruneel C, Lemahieu C, Buyse J, Muylaert K,  
Foubert I (2012) Dietary enrichment of eggs with omega-3 
fatty acids: A review. Food Res Int 48: 961-969.

Fraser D (2008) Animal welfare and the intensification  
of animal production. In: Thompson PB (ed) Ethics  
of Intensification: Agricultural Development and Cultural 
Change; FAO, Italy, pp 167-189. 

Funk EM (1948) The relation of the Yolk Index Determined  
in Natural Position to the Yolk Index as Determined after 
Separating the Yolk from the Albumen. Poult Sci 27: 367.

Goto T, Tsudzuki M (2017) Genetic mapping of quantitative trait 
loci for egg production and egg quality traits in chickens:  
A review. J Poult Sci 54: 1-12.

Grashorn M (2016) Feed additives for influencing chicken meat 
and egg yolk color. In: Carle R, Schweiggert R (eds) Hand-
book on Natural Pigments in Food and Beverages. Wood-
head Publishing: United Kingdom, pp 283-302.

Hamady GA (2013) Effects of different ratios of dietary omega-6 
to omega-3 fatty acids on laying performance and egg  
quality of Lohmann brown hens. Egypt Poult Sci J  
33: 957-969.

Hamidu JA, Brown CA, Adjepong M (2022) Improving  
the cognitive development of children in rural areas as  
development tool. In: de Salvo P, Vaquero Pineiro M (eds) 
Rural Development - Education, Sustainability, Multifunc-
tionality. IntechOpen, United Kingdom, pp 67-82.

Hammershøj M, Johansen NF (2016) Review: The effect  
of grass and herbs in organic egg production on egg fatty 
acid composition, egg yolk colour and sensory properties. 
Livest Sci 194: 37-43.

Hanusova E, Hrnčár C, Hanus A, Oravcová M (2015) Effect  
of breed on some parameters of egg quality in laying  
hens. Acta Fytot Zoo 18: 20-24.

Haugh H (1937) The Haugh unit for measuring egg quality.  
US Egg Poult Mag 43: 552-555, 572-573.

Heng Y, Peterson HH, Li X (2013) Consumer attitudes toward 
farm-animal welfare: the case of laying hens. J Agric Res 
Econ 38: 418-434.

Hisasaga C, Griffin SE, Tarrant KJ (2020) Survey of egg  
quality in commercially available table eggs. Poult Sci  
99: 7202-7206.

Hrnčár C, Gašparovič M, Gálik B, Bujko, J (2015) Egg Traits, 
Fertility and Hatchability of Brahma, Cochin and Orpington 
Chicken Breeds. Anim Sci Biotechnol 48: 137-141.

Hrnčár C, Hässlerová M, Bujko J (2013) The effect of oviposi-
tion time on egg quality parameters in Brown Leghorn,  
Oravka and Brahma hens. Anim Sci Biotechnol 46: 53-57.

Ianni A, Bartolini D, Bennato F, Martino G (2021) Egg quality 
from Nera Atriana, a local poultry breed of the Abruzzo  
Region (Italy), and ISA Brown hens reared under free range 
conditions. Animals (Basel) 11: 257.

International Atomic Energy Agency. Genetic characterization 
of indigenous chicken breeds in search for unique properties 
of immune-related genes. Available online: https://www.
iaea.org/resources/news-article/genetic-characterization- 
of-indigenous-chicken-breeds-in-search-for-unique-properties- 
of-immune-related-genes (accessed on 2nd December 2022)

International Dairy Federation (1992) Provisional Standard 
(159): Milk and Milk Fat Product-Determination of Choles-
terol Content; IDF: Brussels, Belgium.

Jones D (2012) Haugh unit: Gold standard of egg quality. Natl 
Egg Quality Sch Proc 7: 47-51.

Jones DR, Musgrove MT (2005) Effects of extended storage  
on egg quality factors. Poult Sci 84: 1774-1777.

Kaszynski B, Bernacki Z (2014) Assessment of egg quality  
and hatch results of two show hen breeds raised for fancy.  
J Cent Eur Agric 15: 1-11.

Kaur N, Chugh V, Gupta AK (2014) Essential fatty acids  
as functional components of foods- A review. J Food Sci 
Technol 51: 2289-2303.

Ketta M, Tumova E (2017) Eggshell characteristics and cuticle 
deposition in three laying hen genotypes housed in enriched 
cages and on litter. Czech J Anim Sci 63: 11-16.

Kosewski G, Kowalówka M, Dobrzyńska M, Jagielski P, 
Przysławski J (2021) Profile of fatty acids in the yolks  
of chicken eggs, including DHA, depending on hen breed-
ing method. Bromatol Chem Toksykol 54: 66-72.

Krauss RM, Eckel RH, Howard B, Appel LJ, Daniels SR,  
Deckelbaum RJ, Erdman JW Jr, Kris-Etherton P,  
Goldberg IJ, Kotchen TA, Lichtenstein AH, Mitch WE, 
Mullis R, Robinson K, Wylie-Rosett J, St Jeor S, Suttie J, 
Tribble DL, Bazzarre TL (2001) Revision 2000: a statement 
for healthcare professionals from the Nutrition Committee 
of the American Heart Association. J Nutr 131: 132-146.

Krawczyk J (2017) Effect of genotype and age of hens on egg 
quality of Leghorn hens (lines G-99 and H-22) and Sussex 
(line S-66). Apar Badaw Dydakt 22: 94-100. (in Polish).

Lemos Teixeira D, Larraín R, Hötzel MJ (2018) Are views  
towards egg farming associated with Brazilian and Chilean 
egg consumers’ purchasing habits? PLoS One 13: e0203867. 

Liswaniso S, Qin N, Shan X, Im C, Sun X, Xu R (2020) Quality 
Characteristics, Phenotypic correlations and Principal  
Component Analysis of Indigenous Free Range Chicken 
Eggs in Lusaka; Zambia Int J Environ Agri Res 6: 29-35.

Lordelo M, Cid J, Cordovil CM, Alves SP, Bessa RJ, Carolino I 



429External and internal quality traits of eggs from different ornamental chicken breeds

(2020) A comparison between the quality of eggs from  
indigenous chicken breeds and that from commercial layers. 
Poult Sci 99: 1768-1776.

Lusk JL (2019) Consumer preferences for cage-free eggs and 
impacts of retailer pledges. Agribusiness 35: 129-148.

Malomane DK, Simianer H, Weigend A, Reimer C, Schmitt AO, 
Weigend S (2019) The SYNBREED chicken diversity  
panel: a global resource to assess chicken diversity at high 
genomic resolution. BMC Genom 20: 345.

Mariamenatu AH, Abdu EM (2021) Overconsumption of  
omega-6 polyunsaturated fatty acids (PUFAs) versus defi-
ciency of omega-3 PUFAs in modern-day diets: the disturb-
ing factor for their “balanced antagonistic metabolic func-
tions” in the human body. J Lipids: 8848161.

Milinsk MC, Murakami AE, Gomes STM, Matsushita M,  
de Souza NE (2003) Fatty acid profile of egg yolk lipids 
from hens fed diets rich in n-3 fatty acids. Food Chem  
83: 287-292.

Moula N, Antoine-Moussiaux N, Farnir F, Leroy P (2009) Com-
parison of egg composition and conservation ability in two 
Belgian local breeds and one commercial strain. Int J Poult 
Sci 8: 768-774.

Neijat M, Ojekudo O, House JD (2016) Effect of flaxseed oil  
and microalgae DHA on the production performance, fatty 
acids and total lipids of egg yolk and plasma in laying hens. 
Prostaglandins Leukot. Essent. Fatty Acids 115: 77-88.

Neunzehn J, Szuwart T, Wiesmann HP (2015) Eggshells  
as natural calcium carbonate source in combination with  
hyaluronan as beneficial additives for bone graft materials, 
an in vitro study. Head Face Med 11: 11-12.

Nogueira GC, Bragagnolo N (2002) Assessment of methodo- 
logy for the enzymatic assay of cholesterol in egg noodles. 
Food Chem 79: 267-270.

Nolte T, Jansen S, Weigend S, Moerlein D, Halle I, Simianer H, 
Sharifi AR (2021) Genotypic and Dietary Effects on Egg 
Quality of Local Chicken Breeds and Their Crosses Fed 
with Faba Beans. Animals (Basel) 11: 1947.

Nys Y, Sauveur B (2004) Valeur nutritionnelle des oeufs. Prod 
Anim 17: 385-393.

Park JA, Sohn SH (2018) The Influence of Hen Aging on Egg-
shell Ultrastructure and Shell Mineral Components. Korean 
J Food Sci Anim Resour 38: 1080-1091.

Patterson E, Wall R, Fitzgerald GF, Ross RP, Stanton C (2012) 
Health implications of high dietary omega-6 polyunsaturated 
fatty acids. J Nutr Metab 2012: 539426.

Polat ES, Citil OB, Garip M (2013) Fatty acid composition  
of yolk of nine poultry species kept in their natural environ-
ment. Anim Sci Pap Rep 31: 363-368.

Rafea MT (2019) Prediction of the Haugh unit through albumen 
height and egg weight. Mesop J Agric 47: 37-43

Réhault-Godbert S, Guyot N, Nys Y (2019) The Golden Egg: 
Nutritional Value, Bioactivities, and Emerging Benefits  
for Human Health. Nutrients 11: 684.

Rizzi C, Chiericato GM (2010) Chemical composition of meat 
and egg yolk of hybrid and Italian breed hens reared using 
an organic production system. Poult Sci 89: 1239-1251.

Rodríguez-Navarro A, Kalin O, Nys Y, Garcia-Ruiz JM (2002) 
Influence of the microstructure on the shell strength of eggs 
laid by hen of different ages. Br Poult Sci 43: 395-403.

Rodriguez-Navarro AB, Yebra A, Nys Y, Jimenez-Lopez C,  
Garcia-Ruiz JM (2007) Analysis of avian eggshell  
microstructure using X-ray area detectors. Eur J Mineral  
19: 391-398.

Sanlier N, Üstün D (2021) Egg consumption and health effects: 
A narrative review. J Food Sci 86: 4250-4261.

Shaker AS, Kirkuki SM, Aziz SR, Jalal BJ (2017) Influence  
of genotype and hen age on the egg shape index.  
Int J Biochem Biophy Mol Biol 2: 68-70.

Shi SR, Wang KH, Dou TC, Yang HM (2009) Egg weight affects 
some quality traits of chicken eggs. J Food Agr Environ  
7: 432-434.

Song KT, Choi SH, Oh HR (2000) A comparison of egg quality 
of pheasant, chukar, quail and guinea fowl. Asian-Aus.  
J Anim Sci 13: 986-990.

Stadelman WJ (1995) Quality identification of shell eggs.  
In: Stadelman WJ, Cotterill OJ (eds) Egg science and  
technology. Food Products Press: USA, pp 39-66.

Świątkiewicz S, Arczewska-Włosek A, Krawczyk J,  
Szczurek W, Puchała M, Józefiak D (2018) Effect of selec- 
ted feed additives on egg performance and eggshell quality 
in laying hens fed a diet with standard or decreased calcium 
content. Ann Anim Sci 18: 167-183.

U.S. Department of Agriculture. Agricultural Research Service, 
FoodData Central. Available online: https://fdc.nal.usda.
gov/fdc-app.html#/food-details/748967/nutrients (accessed 
on 16th October 2022).

Wilson PB (2017) Recent advances in avian egg science:  
A review. Poult Sci 96: 3747-3754. 

Yan YY, Sun CJ, Lian L, Zheng JX, Xu GY, Yang N (2014)  
Effect of uniformity of eggshell thickness on eggshell  
quality in chickens. J Poult Sci 51: 338-342.

Zemková Ľ, Simeonovová J, Lichovníková M, Somerlíková K 
(2007) The effects of housing systems and age of hens  
on the weight and cholesterol concentration of the egg. 
Czech J Anim Sci 52: 110-115.


