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 Introduction 
 

In the era we live in, one of the major issues for 
people is healthy and sufficient nutrition. The ability of 
individuals to sustain a healthy life depends on the 
adequate consumption of both animal and plant-based 
foods. When considering the deficiency in the 
consumption of animal protein in our country, the 
importance of increasing animal production for the 
preservation of human health becomes evident. 
Among animal products, eggs hold a special 
significance (Sanlier ve Ustun, 2021). Eggs are a highly 
appreciated and consumed food item all over the 
world, providing a rich source of nutrients. In addition 
to their nutritional value, factors such as ease of 
consumption and variety are effective in increasing egg 
consumption (Puglisi and Fernandes, 2022). 
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Comparison of Physical and Biochemical Characteristics of Some 
Exotic Chicken Breeds and Atak-S Chicken Eggs 
 

Poultry farming has shown rapid progress in Turkey 
in recent years, becoming one of the most successful 
sectors in agriculture. In our country, previously there 
was a farming in the form of village and family poultry; 
Since the 1980s, a rapid development has been 
observed in the sector, and there has been a rapid 
increase in the number and capacity of poultry 
enterprises and in production (Turan, 2006). In egg 
poultry farming, cage systems and deep litter systems 
are widely used. However, due to the sensitivity to 
issues like animal rights and animal health in the EU 
countries, the process of transitioning to new 
production systems has begun. According to EU 
standards, the cage system must be designed to provide 
at least 750 cm2 of space per animal, and these cages 
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Abstract 
 
This research was conducted to compare the physical and biochemical properties of 
eggs of some exotic chicken breeds, Araucana, Australorp and Lohmann Brown, with 
domestic hybrid Atak-S eggs. On average, 60 eggs from each group were obtained from 
different farms, from chickens aged 44 weeks. Some internal and external physical 
properties of the eggs analyzed were determined. As a result of the scoring made by 
considering all the characteristics, it was determined that Araucana, Lohmann Brown, 
Atak-S and Australorp were included, respectively. Some of the biochemical properties 
of the eggs of the genotypes studied in the study show that the vitamin B12 value is 
undetectable, the cholesterol content is highest in the Lohmann Brown genotype, and 
the fat and protein ratios are high in the Lohmann Brown genotype. It was determined 
that the amount of omega-3 fatty acids was higher in eggs belonging to the Atak-S 
genotype. Selenium was found to be highest in the Lohmann Brown genotype. It was 
concluded that there was a difference between genotypes in terms of egg quality 
characteristics discussed in the study, Araucana eggs had the highest value in scoring 
physical characteristics, but eggs belonging to the Atak-S genotype were superior to the 
others in terms of biochemical characteristics. 
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should have areas for nesting, perching, and scratching. 
In the deep litter system, there should be a maximum of 
7 chickens per square meter, and at least 33% of the 
deep litter should be designed with litter (Petek, 2000). 
Production systems are a significant factor that 
influences the quality characteristics of eggs (Turan, 
2006). In the present day, there is increasing importance 
given to the quality of eggs and egg products at every 
stage of the egg industry, from producers to consumers 
(Doğan, 2008). 

The laws of the European Union (S.I. No. 254 of the 
year 1992); implementing the Council regulation (EEC 
No. 1907/90) and the Commission regulation, have 
classified chicken eggs based on quality and weight. 
Furthermore, regulations have been introduced for 
packaging, labeling, transportation, and presentation in 
the market (Uruk, 2007). 

In the United States, egg quality classification has 
been based on standards defined by the USDA (United 
States Department of Agriculture) since 1946. These 
standards have been periodically reviewed and updated 
to stay relevant. Egg quality grades have also been 
established in both the USA and EU. Laws are in place to 
monitor compliance with these quality grades, with the 
goal of safeguarding consumers (Guyonnet, 2023a). 

In Turkey, the poultry industry has experienced 
rapid growth in both egg and meat production, leading 
to the development of an industrial structure (Petek, 
2000; Turan, 2006). In egg production, alongside 
industrial poultry farming, some chicken breeds, 
categorized as organic, free-range, and exotic, have 
been raised on a smaller scale, and their eggs are 
introduced to the market (Chebo et al. 2022; Guyonnet, 
2023b). Producers use various communication channels 
to persuade consumers that their blue-green-shelled 
eggs are more nutritious compared to others, allowing 
them to sell these products at higher prices. This 
situation leads to the deception of consumers who are 
conscious about their nutrition and the dissemination of 
unverified information. Research comparing the 
physical and chemical properties of eggs from different 
chicken breeds has been conducted and scientifically 
established. However, to this date, a comparison 
between eggs from domestic egg-laying Atak-S chickens 
and eggs from exotic breeds has not been conducted. This 
research aims to determine and compare certain 
chemical and physical properties of eggs from chicken 
breeds raised in our country, including Australorp, 
Araucana, Lohmann Brown, and Atak-S. 
 
Materials and Methods 

 
The materials used in the research consisted of eggs 

obtained from various farms, representing the following 
chicken breeds: Australorp, Araucana, Lohmann Brown, 
and Atak-S. A total of 240 eggs were used, with 50 eggs 
from each genotype used to determine the physical 
characteristics, and 10 eggs from each genotype used for 
analyzing the biochemical properties. 

Determination of egg's physical characteristics 
 
The collected eggs were stored in the Research 

Laboratory of the Department of Animal Science at a 
temperature of 20-22°C and a relative humidity of 75% 
for 24 hours. Afterward, the following characteristics 
were determined using an egg quality determination set. 

-Egg Weight: The weight of the eggs was 
determined using a scale with a precision of 0.01g. 

-Shape Index: The width and length of the egg were 
measured using a digital caliper to determine the shape 
index. 

-Specific Gravity (g/cm3): The specific gravity of the 
eggs was calculated using the following formula after 
weighing the eggs in the air and then in pure water using 
a scale with a precision of 0.01g. 

Specific Gravity (g/cm3) = Egg Weight in the Air (g) / 
(Weight in the Air (g) – Egg Weight in Water (g)) 

-Shell Strength: The shell strength was measured 
using a shell breaking resistance meter and expressed in 
N/cm2. 

-Shell Color: The eggshell color was determined 
using the eggshell color score developed by the Hy-Line 
company. 

-Shell Thickness: The shell thickness was measured 
in millimeters using a micrometer. 

-Albumen Index: The albumen index was calculated 
using the following formula after measuring the albumen 
height with a three-legged micrometer and the albumen 
width and length with a digital caliper. 

Albumen Index= Albumen Height (mm) / Average of 
Albumen Width and Length (mm) * 100 

-Yolk Index: The yolk index was calculated using the 
following formula after measuring the yolk height and 
yolk diameter with a three-legged micrometer. 

Yolk Index = Yolk Height (mm) / Yolk Diameter (mm) 
*100 

-Haugh Unit: The Haugh unit was calculated using 
the following formula, taking into account the egg weight 
and albumen height 

Haugh Unit = 100 Log (H + 7,57 – 1,7G 0,37) 
H: Albumen Height (mm) 
G: Egg Weight (g) 
Blood and Meat Spots: The percentage of eggs 

with blood and meat spots was determined by counting 
the eggs with broken shells. 

 
Determination of biochemical quality characteristics 
 
Vitamin-A, Vitamin-B12, crude protein, omega-3 and 

omega-6 fatty acids, cholesterol, and selenium values for 
each genotype were determined by analyzing 10 eggs from 
each genotype in a specialized laboratory through a service 
procurement method. Determination of cholesterol 
content, total fat content, total protein content, selenium 
content, vitamin B12 content, and fatty acid profile was 
conducted according to the methods AOAC 994.10 (1996), 
NMKL 160 (1998), Devlamynck et al. (2020), NMKL 186 
(2007), Trang (2013), TGK 2014/53, respectively. 
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Statistical analysis 
 
For all the characteristics considered in the study, 

the normality of data was checked using the 
Kolmogorov-Smirnov test, and the homogeneity of 
variances was assessed using the Levene test. For the 
characteristics that met the assumptions, analysis of 
variance (ANOVA) was utilized. For data expressed as 
proportions and percentages, the arcsine 
transformation was applied. Non-parametric 
characteristics such as shell and yolk color were 
evaluated using the Kruskal-Wallis analysis, and the 
Tukey and Dunn tests were employed to determine 
differences between groups with significant results. 
 
RESULTS 

 
Upon evaluating the data obtained from the 

research, the results concerning the external quality 
characteristics of eggs for each genotype are presented 
in Table 1. Significant differences were observed among 
genotypes in terms of egg external quality 
characteristics, including shell color, shape index, 
weight, shell breaking strength, shell thickness, and 
specific gravity (P<0.01). It was determined that the 
shell color of Lohmann Brown eggs was darker 
compared to the other two genotypes, and Atak-S eggs 
had a darker shell color than Araucana eggs. The shape 
index of eggs from the Lohmann Brown genotype 
deviated from the normal value and was higher than the 
other genotypes. Based on this result, it can be concluded 
that the shape index value of eggs from the other 
genotypes is better than that of Lohmann Brown eggs. 

Concerning egg weight, Lohmann Brown eggs had 
the highest value, followed by Australorp, Atak-S, and 
Araucana genotypes, respectively. Araucana eggs had a 
lower weight compared to the others. Regarding shell 
breaking strength, Araucana eggs had a higher value 
than the other genotypes, while the other genotypes 
showed similar characteristics in this aspect. It was 
determined that shell thickness and specific gravity 
values were higher in the Lohmann Brown genotype, 
and there were no significant differences in these 
characteristics among the other genotypes' eggs. 

Significant differences were found among 
genotypes in terms of egg internal quality 
characteristics, including albumen index, yolk index, 
Haugh unit, yolk color, and meat-blood spot ratio 
(P<0.01) (Table 2). Concerning albumen index, 
Australorp eggs had a lower value, while the difference 
between the other genotypes was not significant. The 
yolk index value was highest in Araucana eggs, while the 
other genotypes showed similarities in this aspect. The 
Haugh unit was higher in Atak-S and Lohmann Brown 
eggs compared to the Australorp genotype, and 
Araucana and Australorp eggs exhibited similar 
characteristics in this regard. Egg yolk color was darker 
in Lohmann Brown eggs compared to the others, with 
Australorp, Araucana, and Atak-S following in that order. 

The meat-blood spot ratio was higher in Lohmann 
Brown and Australorp genotypes compared to the 
others, while Araucana and Atak-S genotypes showed 
similar values in this aspect. It can be concluded that 
eggs from Lohmann Brown and Australorp genotypes 
have a higher meat-blood spot ratio and are relatively 
inferior in this aspect. 

According to the egg quality assessment method 
developed by Türker et al. in 2020, considering 7 
parameters, namely shape index, albumen index, yolk 
index, Haugh unit, shell breaking strength, shell thickness, 
and weight, all eggs belonging to the genotypes used in 
the research were determined to be of Class A quality. 
Table 3 provides the scores of eggs belonging to each 
genotype. As can be seen in the table, Araucana eggs 
obtained the highest score, followed by Lohmann Brown, 
Atak-S, and Australorp breed chicken eggs. 

The findings related to some biochemical 
properties of eggs belonging to different genotypes are 
presented in Table 4. 

 
Discussion and Conclusion 

 
Significant differences were detected in terms of 

biochemical parameters in the eggs used in our study 
(Table 4). Because the vitamin B12 content in eggs is 
very low, no data could be obtained about this vitamin. 
Regarding cholesterol content, Lohmann Brown 
genotype had the highest amount, followed by 
Araucana, Australorp, and Atak-S eggs. In terms of fat 
and protein percentages, the Lohmann Brown 
genotype exhibited higher levels, with Australorp, 
Araucana, and Atak-S eggs following in decreasing 
order. It was determined that Atak-S eggs contained 
statistically higher amounts of unsaturated fatty acids 
such as oleic acid, linoleic acid and linolenic acid, than 
those of other genotypes (Table 4). As for selenium 
content, the highest concentration was observed in the 
Lohmann Brown genotype, followed by Atak-S, 
Araucana, and Australorp eggs (Table 4). According to 
USDA (2018) data, it is reported that 100 g of eggs on 
average contain 373 mg of cholesterol, 12.6% protein, 
10.6% fat, 30.8 µg of selenium, 0.038% of 
Docosahexaenoic Acid, and 0.005% of 
Eicosapentaenoic Acid. Based on these data, it can be 
observed that Lohmann Brown genotype eggs have 
higher levels of cholesterol and protein compared to 
others, while Atak-S eggs have fat content close to the 
USDA values, and the others have higher fat content. 
The selenium content is higher in Lohmann Brown and 
Atak-S eggs but lower in Araucana and Australorp eggs. 
Omega-3 fatty acid was detected in eggs belonging to 
the Lohmann Brown genotype, but it was not detected 
in eggs belonging to other genotypes (Table 4). This 
value is found to be close to the amounts reported by 
USDA. Additionally, according to USDA (2018) data, 
Vitamin B12 is mentioned to be at insignificant levels, 
which is consistent with the results obtained for all 
genotypes in this research. Altan (2015) reported that 
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a 100-gram egg contains approximately 12.9% protein, 
11.1% fat, 1.3 grams of fatty acids (n-3 and n-6), 396 
mg of cholesterol, 0.0245 mg of selenium, and 2 µg of 
Vitamin B12. Based on these values, it can be observed 
that the Vitamin B12 content obtained in the research 
is low, and the cholesterol levels in the Atak-S, 
Araucana, and Australorp eggs are low, while the 
Lohmann Brown eggs have higher cholesterol levels. 
The fat content is low in Atak-S genotype eggs, high in 
Lohmann Brown eggs, and close in value for Araucana 
and Australorp eggs. In terms of protein content, 
Lohmann Brown eggs have higher values, while eggs 
from other genotypes have similar values. The 
selenium content is low in Australorp genotype, similar 
in Araucana genotype, and higher in Lohmann Brown 
and Atak-S genotypes (Table 4). 

Lukanov et al. (2015) reported that the egg shape 
index varied from 78.98 in the Araucana group to 75.36 
in the White Leghorn × Araucana hybrids. The eggs of 
Schijndelaar and White Leghorn, as well as White 
Leghorn × Schijndelaar and White Leghorn × Araucana 
hybrids, had egg shape indices ranging from 75.3 to 
76.5. On the other hand, Araucana and Rhode Island 
Red chickens and their hybrids had egg shape indices 
ranging from 77 to 79. In our study, the egg shape 
index value of Araucana eggs was found to be 74.69 
(Table 1) and these results are lower than the results 
found by Lukanov et al. (2015). 

Biesiada-Drzazga et al. (2014) reported that the 
physical characteristics of eggs showed variations 
depending on the genotype. Green-legged Partridge 
eggs were larger than Araucana eggs, and the egg white 
was heavier, but the shell weight and egg yolk were 
lower in Green-legged Partridge eggs. On the other 
hand, Araucana chickens had higher egg yolk and shell 
ratios and significantly lower egg white ratios compared 
to Green-legged Partridge eggs. 

Millet et al. (2006) reported that Araucana 
chicken eggs have low weight, but they have a high 
yolk/albumen ratio and high egg yolk cholesterol 
content. Furthermore, the cholesterol content in 
Araucana eggs remains unchanged regardless of the 
feeding regimen. Rodríguez Rios et al. (2014) reported 
that the Araucana breed has a lower egg production 
rate (33-35%), lower feed efficiency (4.0-4.4), and 
lower egg weight compared to other chicken breeds. 
The feed consumption for Araucana chickens is around 
116-122 grams. Additionally, eggs from this breed have 
higher shell thickness and egg cholesterol content than 
eggs from other chicken breeds. Due to their low 
incubation characteristics, these breeds are not 
recommended for commercial use. Somes et al. (1977) 
conducted a study in response to popular press claims 
that Araucana chickens’ blue-shelled eggs have higher 
protein and lower cholesterol levels than regular 
market eggs. They found that the total egg protein 
content in Araucana chicken eggs was 2.8-6.5% lower 
than in White Leghorn and Sex-Links chicken eggs.  

Additionally, Araucana chicken eggs had higher 
yolk/albumen ratios and cholesterol levels. Jacob et al. 
(1997) reported that recent research on Araucana 
chicken eggs showed that these eggs have higher 
concentrations of cholesterol, lower albumin, yolk 
protein, calcium, zinc, and iron compared to White 
Leghorn eggs. According to the results of this study, the 
cholesterol level of Araucana eggs was found to be 
higher than Atak-S and Australorp eggs (Table 4). 
Although Millet et al. (2006) stated that egg cholesterol 
levels did not change due to nutrition, according to 
many studies including ours, cholesterol levels are high 
and variable (Jacop et al. 1997; Rodríguez Rios et al. 
2014; Somes et al. 1977). This situation can be explained 
by the nutrition of Araucana chickens. 

Türker and Alkan (2019) conducted a study to 
determine the physical and chemical properties of eggs 
obtained from chickens raised in free-range and deep-
litter systems. They found that the rearing systems had 
an effect on the chemical content of eggs, with free-
range eggs being superior, particularly in terms of 
Vitamin D3 and Biotin content. Eggs from chickens 
raised in free-range systems were found to be richer in 
essential amino acids, higher in Vitamin D3, Vitamin 7 
(Biotin), and lower in total cholesterol content 
compared to other rearing systems. 

Factors such as rearing systems, nutrition, and 
genotype have an impact on egg quality, and efforts are 
made to determine the quality based on both internal 
and external egg quality criteria. In conclusion, in terms 
of all the quality criteria emphasized, eggs from any 
genotype are not consistently superior or inferior to 
others. Eggs from different genotypes may excel in 
certain characteristics while lagging in others. The egg 
quality evaluation based on the scoring method of 
physical properties for the genotypes studied in this 
research indicates that all eggs fall into the A class, but 
eggs from the Araucana genotype have the highest 
score (Table 3). Regarding the biophysical properties, 
eggs from the Lohmann Brown genotype generally 
outperform other genotypes, and it is possible to say 
that eggs from this genotype have higher cholesterol 
content compared to others (Table 1, 2, 4). 
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Table 1. External quality characteristics of eggs for each genotype 

Genotype 
Shell 
Color 

Shape Index Egg Weight 
(g) 

Shell Breaking 
Strength 
(kg/cm²) 

Shell Thickness 
(Mm) 

 

Specific Gravity 
(g/cm³) 

Lohman Brown 90 a 78,39 ± 0,54a 67,89 ± 0,59a 27,10 ± 1,07b 0,38 ± 0,0038a 1,082 ± 0,0008a 
Australorp 60b 75,79 ± 0,60b 62,78 ± 0,88b 28,32 ± 1,09b 0,33 ± 0,0038c 1,075 ± 0,0009b 
Araucana - 74,69 ± 0,47b 50,38 ± 0,61d 33,72 ± 1,14a 0,35 ± 0,0043b 1,076 ± 0,0015b 
Atak-S 70c 75,31 ± 0,51b 56,69 ± 0,48c 27,48 ± 0,93b 0,33 ± 0,00040bc 1,076 ± 0,0009b 

abc: The difference between the groups represented by the same letters is not significant (P<0.001) 

 

 
Table 2. Internal quality characteristics of eggs for each genotype 

Genotype Albumen Index Yolk Index Haugh Unit Yolk Color 
Meat-Blood Spot 

Ratio (%) 

Lohman Brown 8,50±0,28ab 41,91±0,51b 81,54±1,43ab 12a 60,00±5,48a 

Australorp 7,35±0,26b 42,67±0,31b 75,87±1,38c 10bc 42,00±5,89a 

Araucana 8,33±0,42ab 53,23±2,53a 76,86±1,35bc   9cd 8,00±3,93b 

Atak-S 9,38±0,30a 45,06±0,38b 85,01±1,12a   9d 16,00±2,45b 

abc: The difference between the groups represented by the same letters is not significant (P<0.001) 

 
 
Table 3. Scoring of eggs according to physical characteristics for each genotype 

Row No  Genotype Score 

1 Araucana 94,84 

2 Lohmann Brown 94,26 

3 Atak-S 91,66 

4 Australorp 90,86 

 
 

Table 4. Biochemical characteristics of eggs 

Biochemical Characteristics Atak-S Lohmann Brown Aracuana Australorp 

B-12 (mg/kg) nd nd nd nd 

Cholesterol (mg/100g) 173,335 D 445,453 A 276,328 B 208,464 C 

Fat (%) 10,55 C 14,22 A 11,08 BC 11,94 B 

Omega-3 0,00B 0,04A 0,00B 0,00B 

Protein (%) 12,40 B 14,20 A 13,10 B 13,40 AB 

Selenium (mg/100 g) 0,0322 A 0,0336 A 0,0232 B 0,0193 B 

Caprilic acid C8:0 nd nd 0,12 nd 

Miristic acid C14:0 0,58 C 0,66 B 0,89 A 0,39 D 

Pentadecanoic acid C15:0 nd nd 0,11 nd 

Palmitic asid C16:0 28,60 C 32,95 B 35,92 A 29,13 C 

Margaric acid C17:0 2,63 C 4,30 A 3,82 B 4,05 AB 

Stearic acid C18:0 5,19 C 8,31 A 8,51 A 5,94 B 

Myristoleic acid C14:1 nd 0,14 0,14 nd 

Palmitoleik acid C16:1 1,11 C 1,31 B 1,02 C 2,25 A 

Heptadecenoic acid C17:1 nd 0,14 B nd 0,18 A 

Oleic acid C18:1 50,56 A 46,90 BC 43,74 C 48,81 AB 

Eicosenoic acid C20:1 0,11 B nd nd 0,26 A 

Nervonic acid C24:1 0,30 D 0,68 B 0,50 C 1,29 A 

Linoleic acid C18:2 10,65 A 4,68 C 5,23 C 7,70 B 

Linolenic acid C18:3 0,27 nd nd nd 
ABC: The difference between the groups represented by the same letters is not significant (P<0.001) 
nd: Not detection 

 


