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Introduction 
Egg production is one of the most significant component 
of animal production in Türkiye, approximately 19.7 billion 
eggs produced in a year from over 121 million laying hens 
in 2021 [1]. Egg production has been achieved mainly 
by three production systems including cage systems 
(conventional and enriched cage systems), free-range 
system and organic production system. Egg production 
comprises of 78.3% of all eggs produced from cage 
systems, 19.8% of all eggs from free-range systems and 
1.9% of all eggs produced from organic systems during 
2018 year in Türkiye [2].

In recent years, consumers have increasingly sensitivity 
for food safety, animal welfare, sustainability and 
environmental protection in both European countries 
and Türkiye. These facts have caused new trends in animal 
production as like as other agricultural sectors. Therefore, 

alternative egg production system (free-range and organic 
systems) have increasingly gained importance due to 
regarding animal rights and welfare issues [3]. Both of 
these alternative systems ensure free accessing to pasture 
that stimulates physical activities, benefit from natural 
light and sunshine and make possible to exhibit natural 
behaviors, for example perching, nesting, preening, 
foraging, dust bathing, and pecking [4].

It is known that egg production and both exterior and 
interior egg quality are affected by many factors, such as 
breed, age, husbandry practices, feed composition, and 
nutritional content [5,7]. The most important quality criterias 
for the consumers are shell strength, albumen consistency 
and yolk color [8]. Furthermore, shell quality is largely 
depending on many factors including genetic factors, egg 
laying rate, age, health status, housing conditions, and 
nutrition [9,10]. The differences in nutritional factors among 
production system has a crucial role in the modulation of 
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ABSTRACT

This study was designed to compare of laying performance, egg quality and bone 
characteristics of commercial and Türk laying hen genotypes kept in free-range system. 
A total of 720 laying hens (Atabey, Lohmann White, Atak-S, Lohmann Brown; n=180 
hens/genotype) were used in the experiment. Production performance was determined 
as the mean of egg production, egg weight, and FCR value between 54 and 66 weeks of 
age. Egg quality parameters and bone characteristics of tibia and femur were measured at 
66 weeks of age. The mean value of egg production was found to be higher in Lohmann 
Brown and Lohmann White genotypes compared to Atak-S and Atabey genotypes 
between 54 and 66 weeks of age (P<0.01). The brown eggs obtained from (Lohmann 
Brown, Atak-S) genotypes tended to be heavier than the white hen genotypes (Lohmann 
White, Atabey). The lowest mean value of FCR was observed in Lohmann White hens 
ranged from during the experimental period. The Lohmann Brown and Atak-S eggs 
obtained from (3.350 g/cm2 and 3.300 g/cm2) had a stronger shell strength compared to 
the Lohmann White and Atabey (2.847 g/cm2 and 2.910 g/cm2, P<0.01). The breaking 
strength of tibia was found to be higher in brown hens (366.0 N and 381.2 N) than white 
hens (267.0 N and 322.2 N) (P<0.01). These findings related to different genotypes could 
be instructive for arranging new management rules and nutritional advice for stronger 
eggshell and bone strength of hens in free range system. 
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bone mineral homeostasis, influencing the mineralization 
and mechanical strength of the bones and subsequently 
shell strength [11,12]. 

The most important targets in egg production are to 
produce maximum eggs with saleble quality criterias 
and FCR, maintain a long-term laying persistence, and 
preventing skeletal disorders [13]. However, there are some 
statements that high-yielding hybrids kept in free-range 
or organic production systems with outdoor access could 
have some difficulties in adapting to the less controlled 
environmental conditions in outdoor areas and less 
equilibrated rations in free-range systems [14]. This could be 
resulted from these genotypes’ suitability for production 
systems with environmental controlled conditions [15]. 
Therefore, it could be seen some losses in productivity, 
egg quality, health and welfare status of commercial layer 
hybrids kept in free-range system. To minimize these 
losses, it has been suggested preferring of native genotypes 
in free range systems, because of their robustness and 
rusticity [16] and higher adaptive capacity for varying 
geographical regions and local climate conditions in EU 
regulation 1804/99 [17] and the final recommendation of 
the Network for Animal Health and Welfare in Organic 
Agriculture [18].

The aim of this study is to evaluate egg performance, egg 
quality and bone characteristics of commercial laying hen 
genotypes (Lohmann Brown and Lohmann White) and 
Türk laying hen genotypes (Atak-S and Atabey) in free 
range system. Atak-S (brown laying hens) and Atabey 
(white laying hens) are Türk local laying hens that have 
been developed by Ankara Poultry Research Institute 
in 2004 [19]. In this study, we focused on the significant 
differences for productivity, egg quality and bone 
characteristics of different genotypes during late laying 
period (54-66 weeks of age) in the free-range system.

Materıal and Methods 
Ethical Approval

The care and use of animals were approved by the 
ethics committee of Bursa Uludag University and were 
in accordance with the laws and regulations of Türkiye 
(License Number 2019-05/09).

Animals and Management Conditions 

A total of 720 laying hens of two commercial laying hen 
genotypes (Lohmann Brown, Lohmann White) and two 
Türk laying hen genotypes (Atabey, white genotype; 
Atak-S, brown genotype) were used between 54 and 66 
weeks of age. The experimental design included with three 
subgroups as pens which were considered as replicate for 
each genotype (n=3 pens/genotype, 60 hens/pen). At 54 
weeks of age, the birds were individually weighed on a 

digital scale with precision ±1 g, and then were randomly 
allocated to the pens with 3 m × 7 m dimensions. 

All birds were reared in a free-range system in accordance 
with the basic requirements of EU Directive 1999/74/EC [20]. 
According to these regulations, the free-range system 
had an indoor and outdoor pasture areas. Wood shavings 
material was used as litter material to cover pens’ floor. 
Indoor area, all birds were provided as 6.5 cm feeder area 
per hen with circular plastic feeders and 5 cm drinker area 
per hen with plastic bell drinkers. Each pen was equipped 
with perches providing 18 cm perch length per hen, and 
nesting boxes (3.5 hens per nesting box). The outdoor area 
with a size of 350 m2 per pen was covered by wire fences to 
keep out predators and a shelter. The stocking density was 
ensured as 2.86 hens per m2 in indoor area and 5.83 hens 
per m2 in outdoor area for each pen. The lighting regime 
in the pens was applied as 16 h lighting per 24 h period 
during experimental period.

A standard layer diet for free-range systems was used and 
the feed ingredients and nutrient composition of diet was 
analyzed according to [21] (Table 1). Feed and water were 
offered ad libitum throughout the experiment. The pasture 
area was comprised of 60% perennial ryegrass (Lolium 
perenne), 30% alfalfa (Medicago sativa), and 10% white 
clover (Trifolium repens). The birds could supplement 
their diets with pasturing and the living small creatures 
(insects, arthropods, etc.) in the foraging area. 

Table 1. Composition and nutrient content of laying hen diet (54-66 weeks 
of age)

Feed Ingredients %

Corn, grain 28.0

Wheat 32.9

Soybean meal, 48% 14.3

Sunflower meal, 32% 3.2

Milled alfalfa 8.6

Soybean oil 2.8

Sodium chloride 0.2

Limestone 8.2

Dicalcium phosphate 1.3

Premix* 0.5

Nutrient Composition %

ME (kcal/kg) 2803

CP 16.6

Calcium 3.46

Phosphorus 0.48

* 1 kg of premix includes the following compoments: Vit. A, 8.000 IU; Vit. D3, 2.000 IU; 
Vit. B2, 4 mg; Vit. B12, 10 mg; Vit. E, 15 mg; Vit. K3, 2 mg; Vit. B1, 3 mg; Niacin, 30 
mg; Cal-D-pantothenic acid, 10 mg; Vit. B6, 5 mg; Folic acid, 1 mg; D-biotin, 0.05 mg; 
Vit. C, 50 mg; Choline chloride, 300 mg; Mn, 60 mg; Zn, 50 mg; Fe, 60 mg; Cu, 5 mg; 
Co, 0.5 mg; I, 2 mg; Se, 0.15 mg
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Data Collection

Laying Performance 

The pens were monitored daily basis for egg production 
(EP) until the end of the experiment. Egg production was 
calculated by dividing the number of eggs daily collected 
by the number of hens on the same day. Daily feed intake 
(DFI) and egg weight (EW) were recorded on a weekly 
basis. FCR was calculated on a weekly basis as the ratio 
between DFI and EP multiplied by EW. Egg mass (EM) 
was calculated as EM = (EP*EW)/100. The FCR was 
calculated as FCR = DFI/EM. The mean values for EP, EW, 
EM, DFI and FCR were given as 3 weeks interval (between 
54-57, 58-61, and 62-66 weeks of age).

Egg Characteristics 

A total of 15 eggs from each genotype were randomly 
sampled to define external and internal egg quality 
parameters at 66 weeks of age. The measurements were 
performed 24 h after the eggs were laid. The eggs were 
weighed with ±0.01 g precision (Model XB 4200C, Precisa 
Corp, Zurich, Switzerland), and then the length and width 
of the eggs were determined using a digital caliper with 
±0.01 mm precision (Mitutoyo, 300 mm, Neuss, Germany). 
The egg shape index was calculated with a formula of (egg 
width/egg length) × 100 [22]. Eggshell breaking strength 
(kg/cm2) was measured by using an eggshell force reader 
machine (Egg Force Reader, Orka Food Technology, 
Israel). The eggs were broken to separate the albumen and 
yolk, and the yolk weight was determined with ±0.01 g 
precision. 

The eggshells were carefully cleaned by washing process 
and then put in an oven at 105°C (Nüve FN-500, Ankara, 
Türkiye) during 24 h for drying process. Then, the 
eggshell weight was determined with ±0.01 g precision. 
Albumen weight was calculated by subtracting yolk and 
shell weight from total egg weight. The ratio of yolk, 
albumen, and eggshell were given as a percentage of EW. 
Eggshell thickness was measured at three different points 
of the eggshell as specifically blunt, sharp end, and equator 
region, using a digital caliper with ±0.01 mm precision. 
The eggshell thickness was given as the mean of measured 
three values. 

The yolk diameter (YD), albumen length (AL), and 
albumen width (AW) were determined by using a digital 
caliper with ±0.01 mm precision (Mitutoyo, 300 mm, 
Neuss, Germany) to calculate the yolk index (YI), albumen 
index (AI), and Haugh unit (HU). Albumen height (AH) 
and yolk height (YH) were measured by using a tripod 
micrometer. Egg yolk index, albumen index, and Haugh 
unit were calculated using the formulas given by Funk, 
Heiman and Carver, and Haugh [23,24], respectively:

YI = (YH/YD) × 100

AI = (AH/(AL + AW)/2)) × 100

HU = 100 × log (AH + 7.57 - 1.7 ×EW0.37)

Yolk color was determined with a Roche yolk color fan 
with a 15-point scale (Roche Ltd., Basel, Switzerland), 
according to the pigmentation degree from the lightest 
(score 1) to the darkest color (score 15). 

Bone Characteristics 

To evaluate the leg bone characteristics at 66 weeks of age, 
tibia and femur of both legs (including cartilage) were 
sampled from randomly selected (n = 15 bone/genotypes) 
and euthanized by cervical dislocation. After dissection of 
tibia and femur, the samples were frozen at -20°C until 
measurements.

After thawing process of bone samples, each bone was 
checked for any residue of soft tissues and then treated 
to drying at 22°C for 7 d. Then, the bone weight was 
measured with ±0.01 g precision, and and bone lenght and 
width (at 50% of the bone length) were measured by using 
a digital caliper. The relative weight of the tibia and femur 
was calculated as the ratio between bone weight and birds’ 
weight. Then, relative asymmetry for bone length was 
calculated with the formula given by Møller et al.[25]:

RA = {|R – L| / |(R + L)/2} × 100

in which, RA means relative asymmetry of the left and 
right bone (%), R means length of the right bone (mm), L 
means length of the left bone (mm), and |R - L| means the 
absolute difference between R and L.

Breaking strength (N) for each tibia and femur samples 
was determined by a 3-point bending test using a fully 
computerized UTEST tensile and compression testing 
machine (Model 7014, UTEST Corp, Ankara, Türkiye) 
that was fitted with a 250 kN load cell. The crosshead 
movement was at 10 mm/min. The right tibia and femur 
were ashed, using AOAC method 932.16 [21]. 

The bone samples were subjected to a temperature of 
105°C for 6 h and then defatted with hexane in a Soxhlet 
apparatus (Model SER148, Şimşek Laborteknik, Ankara, 
Türkiye) for 4 h. After the extraction of fat, the bones 
were dried in a forced-ventilated oven at 105°C for 16 h 
to determine the dry and defatted weights of tibias. Then, 
the bone samples were crushed and calcined in a muffle 
furnace at 600°C for 2 h to determine the ash content. 

Statistical Analysis

The data on performance parameters (BW, EP, EM, DFI 
and FCR) for each genotype were analyzed by a one-way 
analysis of variance procedure (ANOVA) in the statistical 
analysis software SAS (version 9.4, 2012, Cary, NC, 
USA) [26]. A completely randomized design was used in 
the study. For laying performance, egg quality and bone 
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characteristics, the pens, eggs and, tibia and femur bones 
were respectively considered as the experimental unit. 
Significant differences between means were compared 
using the Tukey test. Analyses of percentage data were 
conducted after arcsine square root transformation of 
the data. The data are presented as LSmeans ± SEM for 
each parameter. Differences were considered statistically 
significant at P<0.05.

Results 
The laying performance of commercial and Türk local 
laying hen genotypes in free-range system is given in 
Table 2. The mean of egg production showed a similar 
change between 54-57, 58-61 and 62-66 weeks of age. 
Lohmann Brown and Lohmann White had a higher egg 
production percentage during experimental period and 
varied between 85.6% and 86.5% in Lohmann Brown 

and 86.5% to 87.6% in Lohmann White during three 
weeks periods from 54 to 66 weeks of age (P<0.001). 
During the experimental period, the eggs obtained from 
brown laying hen genotypes (Lohmann-Brown, Atak-S) 
tended to be heavier compared to the white genotypes 
(Lohmann-White, Atabey) (P<0.001). Between 54-57 
weeks of age, the mean of egg weight varied from 61.3 g 
to 65.0 g, whereas the higher mean value of egg weight 
was observed in Lohmann Brown (65.5 g and 66.1 g) and 
Atak-S (65.4 g and 65.9 g) genotypes between 58-61 and 
62-66 weeks of age respectively. A lower mean of egg mass 
was observed in Atak-S and Atabey genotypes ranged 
from 48.6 and 50.1 g, respectively, between 54-66 weeks 
of age (P<0.001). Similar changes were observed for egg 
mass during experimental period. White hen genotypes 
(Lohmann-White, Atabey) had a lower daily feed intake 
compared to both of brown hen genotypes (Lohmann-
Brown, Atak-S). Lohmann Brown laying hens had the 

Table 2. Laying performance of commercial and Türk local laying hen genotypes in free-range system (n= 3 pens/genotypes)

Parameters Genotypes
Age (weeks of age)

54-57 58-61 62-66 54-66

Egg production (%)

Lohmann Brown 86.5±0.62 a 86.2 ±0.80 a 85.6±0.65 a 86.1±0.65 a

Lohmann White 87.6±0.88 a 87.1±0.72 a 86.5±0.80 a 87.1±0.80 a

Atak-S 75.3±0.83 c 74.8±0.80 c 74.4±0.72 c 74.8±0.78 c

Atabey 79.4±0.58 b 78.8±0.60 b 78.2±0.52 b 78.8±0.57 b

P value <0.001 <0.001 <0.001 <0.001

Egg weight (g)

Lohmann Brown 65.0±0.25 a 65.5±0.33 a 66.1±0.12 a 65.5±0.13 a

Lohmann White 61.3±0.09 c 61.7±0.17 c 62.3±0.13 c 61.8±0.05 c

Atak-S 64.5±0.25 a 65.4±0.14 a 65.9±0.23 a 65.3±0.15 a

Atabey 62.9±0.15 b 63.6±0.27 b 64.0±0.27 b 63.5±0.16 b

P value 0.001 <0.001 0.001 <0.001

Egg mass (g)

Lohmann Brown 56.2±0.31 a 56.5±0.25 a 56.6±0.47 a 56.4±0.34 a

Lohmann White 53.7±0.48 b 53.7±0.37 b 53.9±0.56 b 53.8±0.46 b

Atak-S 48.6 ±0.62 c 49.0±0.61 c 49.0±0.62 c 48.8±0.60 c

Atabey 49.9±0.48 c 50.1±0.29 c 50.1±0.47 c 50.0±0.41 c

P value 0.001 <0.001 <0.001 0.001

Daily feed intake (g)

Lohmann Brown 130.1±1.39 a 130.7±1.54 a 131.9±1.18 a 130.9±1.37 a

Lohmann White 114.3±0.97 c 116.0±1.20 c 117.3±1.30 c 115.8±1.13 c

Atak-S 121.2±1.02 b 122.8±1.16 b 124.4±1.10 b 122.8±1.06 b

Atabey 115.0±1.59 c 115.7±1.45 c 116.4±1.39 c 115.7±1.30 c

P value 0.001 <0.001 <0.001 <0.001

FCR (g feed/g 
product)

Lohmann Brown 2.31±0.04 b 2.32±0.03 b 2.33±0.04 b 2.32±0.04 b

Lohmann White 2.13±0.03 c 2.16±0.04 c 2.18±0.04 c 2.15±0.03 c

Atak-S 2.50±0.04 a 2.51±0.03 a 2.54±0.02 a 2.52±0.03 a

Atabey 2.30±0.04 b 2.31±0.04 b 2.33±0.05 b 2.31±0.04 b

P value 0.0007 0.0009 0.0016 0.0009
a–c values within columns with different superscripts are significantly different (P<0.05)
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highest daily feed intake with values of 130.1g between 
54-57 weeks of age, 130.7 g between 58-61 weeks of age, 
131.9 g between 62-66 weeks of age (P<0.001). On the 
other hand, Lohmann White hens had a better FCR than 
the other white and brown genotypes (2.13, 2.16, 2.18, and 
2.15 between 54-57, 58-61, 62-66 and 54-66 weeks of age 
respectively, P<0.001) (Table 2).

The egg characteristics of commercial and Türk local 
laying hen genotypes in free-range system is given in Table 
3. The egg weight was found to be heavier in brown layer 
hen genotypes (Lohmann-Brown, Atak-S) (P<0.001), 

whereas any significant differences was observed for the 
percentage of yolk, albumen and eggshell among the brown 
and white genotypes (Lohmann-White, Atabey) (P>0.05). 
A higher mean value of eggshell breaking strength was 
found in brown eggs (3.350 g/cm2 and 3.300 g/cm2) 
than white eggs (2.847 g/cm2 and 2.910 g/cm2, P<0.001). 
However, egg shape index, eggshell thickness and interior 
egg quality parameters was found to be similar among the 
brown and white hen genotypes (P>0.05) (Table 3).

The morphological and mechanical traits of femur and 
tibia bones of commercial and Türk local laying hen 

Table 3. Egg characteristics of commercial and Türk local laying hen genotypes (n= 15 eggs/genotypes)

Parameters Characteristics
Genotypes

Lohmann 
Brown

Lohmann 
White Atak-S Atabey P value

Egg content

Egg weight (g) 65.3±0.05 a 61.5±0.07 c 65.1±0.05 a 63.9±0.09 b <0.001

Yolk (%) 20.1±0.05 19.0±0.68 17.6±0.64 20.6±0.09 0.235

Albumen (%) 69.4±0.05 70.9±0.72 71.9±0.68 69.0±0.09 0.284

Eggshell (%) 10.5±0.05 10.1±0.06 10.5±0.04 10.4±0.05 0.138

Exterior egg quality 
parameters

Egg shape index (%) 76.7±0.15 75.7±0.30 77.3±0.15 77.0 ±0.26 0.182

Eggshell breaking strength (g/cm2) 3.350±0.02 a 2.847±0.03 d 3.300±0.03 b 2.910±0.02 c <0.001

Eggshell thickness (mm) 0.370±0.002 0.340±0.007 0.375±0.003 0.357±0.005 0.180

Interior egg quality 
parameters

Yolk index (%) 46.8 ±0.22 47.2±0.49 46.7±0.47 47.4±0.45 0.937

Yolk color 12.3 ±0.15 11.7±0.15 12.3±0.15 12.3±0.15 0.441

Albumen index (%) 11.6 ±0.28 11.9±0.15 10.7±0.24 11.7±0.25 0.440

Haugh unit 89.2±0.70 89.3±0.96 88.6±1.35 89.9±1.04 0.983
a–d values within rows with different superscripts are significantly different (P<0.05)

Table 4. Morphological and mechanical traits of leg bones in commercial and Türk local laying hen genotypes at 66 weeks age (n=15 bones/genotypes)

Bone Characteristics
Genotypes

P valueLohmann
Brown Lohmann White Atak-S Atabey

Femur

Length (mm) 81.1±0.40 b 72.1±0.34 d 84.7±0.50 a 75.4±0.49 c <0.001

Width (mm) 16.3±0.21 a 11.5±0.18 c 13.9±0.11 b 12.4±0.15 c 0.001

Weight (g) 11.4±0.15 a 7.4±0.18 b 12.1±0.10 a 8.2±0.12 b 0.001

Relative weight (%) 0.58±0.008 a 0.44±0.01 b 0.55±0.005 a 0.52±0.007 a <0.001

Relative assymmetry (%) 0.278±0.03 0.219±0.04 0.290±0.03 0.358±0.05 0.559

Breaking strength (N) 339.6±6.8 a 230.6±4.8 c 369.6±5.8 a 283.2±7.0 b <0.001

Ash (%) 57.9±0.76 ab 48.7±0.46 c 60.8±0.70 a 55.9±0.61 b <0.001

Tibia

Length (mm) 109.2±0.57 b 110.2±0.59 b 118.7±0.98 a 109.9±0.69 b 0.001

Width (mm) 15.4±0.19 a 11.4±0.20 b 14.7±0.20 a 12.6±0.15 b <0.001

Weight (g) 13.6±0.12 b 8.7±0.16 d 15.3±0.22 a 9.9±0.13 c <0.001

Relative weight (%) 0.68±0.005 b 0.52±0.01 c 0.69±0.01 a 0.63±0.008 b <0.001

Relative assymmetry (%) 0.169±0.02 0.216±0.03 0.131±0.01 0.264±0.05 0.318

Breaking strength (N) 366.0±9.5 a 267.0±7.8 c 381.2±10.1 a 322.2±6.8 b <0.001

Ash (%) 55.5±0.61 a 48.2±0.53 c 53.2±0.51 a 51.8±0.46 b <0.001
a–d values within rows with different superscripts are significantly different (P<0.05)
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genotypes in free-range system is given in Table 4. The 
femur length was found to be the highest in Atak-S laying 
hen genotypes, whereas the femur width was the highest 
in Lohmann Brown hen genotype (P<0.001). A higher 
weight of femur was observed in brown hen genotypes 
(Lohmann-Brown, Atak-S), while the lowest value of 
femur relative weight with a value of 0.44% was found to 
be in Lohmann White laying hens (P<0.001). On the other 
hand, the breaking strength and ash content of femur was 
the lowest in Lohmann White laying hens than the other 
hen genotypes (230.6 N and 48.7%, P<0.001). The tibia 
was observed as the longest in Atak-S laying hens (118.7 
mm, P<0.01). The width of tibia was found to be higher in 
brown laying hen genotypes (Lohmann-Brown, Atak-S) 
compared to the white laying hen genotypes (Lohmann-
White, Atabey) (P<0.001). On the other hand, the weight 
and relative weight of tibia were the highest in Atak-S 
laying hens (15.3 g and 0.69%, P<0.001). A higher mean 
value of breaking strength and ash content was observed 
in brown laying hen genotypes (Lohmann-Brown, Atak-S) 
than the white laying hen genotypes (Lohmann-White, 
Atabey) (P<0.001) (Table 4). 

Discussion
The current study clearly indicated significant differences 
for productivity between commercial (Lohmann-Brown, 
Lohmann-White) and Türk laying hen genotypes (Atak-S, 
Atabey) kept in the free-range system. Küçükyılmaz et 
al.[27] reported a higher production rate for white layer hen 
genotype than the brown one in both organic production 
(87.23% vs. 82.50%) and conventional (89.82% vs. 80.43%) 
system between 23 and 70 weeks of age. On the other hand, 
brown eggs tended to be heavier compared to the white 
eggs, whereas eggs obtained from Atak-S and Lohmann 
White genotypes had a lower egg mass. This could be 
originated from observed differences for egg production 
rate and also egg weight. 

Sozcu et al.[28] study showed that Atabey hens (75.9%) had 
a higher egg production level than Atak-S hens in a free 
range system (70.3%). Otherside, Atak-S hens tended to 
consume more feed than Atabey hens. Daily feed intake 
was found to be higher in Atak-S (117.2 g) than in Atabey 
(109.8 g). Higher FCR between 19 and 72 weeks of age was 
observed in Atabey than in Atak-S (2.48 vs. 2.54). 

There are other contradictory results for differences between 
layer hen genotypes in free-range system. Küçükyılmaz 
et al.[27] and Rizzi and Chiericato [29] demonstrated that 
commercial hybrids had a higher egg production rate 
and egg mass than native hybrids. On the other hand, 
Şekeroğlu and Sarıca [30] found a higher egg production 
rate in native hybrids in free-range system.

The feed intake and FCR were significantly differed 

among the genotypes in the study. The brown layer 
hens consumed more feed than white hens and had a 
worse FCR value. Observed higher feed intake could 
be attributed to the a higher egg weight in brown eggs, 
which resulted in increment of feed intake due to a higher 
energy requirement. On the other hand, the hens had free 
access to pasture area, therefore possible to more physical 
activity, such as walking and foraging behaviors, which 
also increased the energy requirement of laying hens. 
Küçükyılmaz et al.[27] emphasized that brown layers were 
more active with scratching and foraging behaviors 
than white hens in the organic production system and 
found similar feed intake for brown and white layer hens 
(Atak-S and Lohmann White) (127.74 g and 127.69 g). 
These findings are consistent with previous reports by 
Lampkin [31] and Castellini et al.[32].

Egg exterior and interior characteristics, have importance 
during commercial handling and transport processes and 
also consumer preference [33]. In the present study, only 
eggshell breaking strength showed difference between hen 
genotypes. Brown eggs had a stronger shell structure with 
a higher breaking strength value compared to the white 
eggs. Otherwise, Atak-S Brown hen genotype had higher 
shape index (77.9%), eggshell breaking strength (3.429 g/
cm2), shell thickness (0.371 mm) than Atabey white hen 
genotype (76.0%, 2.982 g/cm2, 0.361 mm) respectively in 
another study [28].  

The observed differences could be attributed to both the 
genetical differences and more motor activity in pasture. 
Thus, brown hens could have more time on pasture which 
provide more ingestion of tiny stone and longer exposure 
duration to sunlight which promote mineral metabolism. 
This could lead more accumulation of minerals in the 
shell, and subsequently more stronger shell structure in 
brown eggs [34].

The skeleton of birds take parts in eggshell formation 
(up to 40%) by providing calcium [35,36]. High calcium 
requirements for shell formation could cause an increment 
bone mineral resorption from medullary bone. This is 
the main cause of osteoporosis, and this could mainly 
develop from age and low calcium content of diet [37,38]. 
According to these facts, it could cause a negative 
relationship between egg production and skeletal integrity 
in layer hens [39,40]. In previous studies, significant negative 
correlation was found between eggshell quality (shell 
weight) and bone mineralization (bone ash content). It 
could be explained that laying hens are more prone to 
osteoporosis due to mobilizing more calcium for better 
quality of shell. Furthermore, some studies reported 
any significant relationship between bone quality, egg 
production and shell quality [41,42].

Interestingly, current findings demonstrated that femur 
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and tibia characteristics namely length, width, weight, 
breaking strength and ash content had higher mean values 
in brown layer hens compared to the white layer hens. A 
previous study reported a negative correlation between 
shell breaking strength and ash content of bones [43]. It 
could be attributed to more physical activity at outdoor 
area and directly exposure to sun light of brown layer hens. 
In this study, both of brown genotypes had more time 
in pasture area. It is well known that range usage in free 
range system provides daylight to hens and it stimulates 
hormone and vitamin D production which could improve 
bone mineralisation [44].

In a recent study performed by Alfonso-Carrillo et al.[45], 
it was reported that hens with higher egg production rate 
and good shell quality had higher body weight and slightly 
larger uterus (shell gland) compared to the other groups 
with lower production and poorer shell quality. Therefore, 
hens with higher production with good quality of shell had 
a greater capacity to mobilize calcium for shell formation 
and retained lower amount of medullary bone. In current 
study, brown laying hens from Lohmann Brown and 
Atak-S genotypes (1982.1 g and 2209.6 g respectively) had 
higher body weights than Lohmann White and Atabey 
white genotypes (1678.5 g and 1575.7 g respectively) at 66 
weeks of age (P=0.001).

In conclusion, current data demonstrated the differences 
between commercial hybrids and Türk genotypes kept in 
a free-range system between 54-66 weeks of age. These 
findings clearly showed that white layer hens had a higher 
productivity level with better FCR, whereas the brown layer 
hens had a superiority for egg weight, shell strength and 
bone integrity. To decide the production target between 
productivity versus welfare, it is important to remember 
that it is aimed to improve health and welfare status in 
the free-range systems. As well as priority preference of 
native genotypes in the free-range system, Atak-S could 
be preferred to produce heavier eggs with stronger shell 
structure and bone traits, whereas Atabey could be chosen 
for a higher egg production and better feed utilization.
Availability of Data and Materials 

The data that support the findings of this study are available on 
request from the corresponding author (A. Sözcü). The data are not 
publicly available due to privacy or ethical restrictions.

Ethical Approval 

The care and use of animals has been approved by the ethics 
committee of Bursa Uludag University and comply with Türkiye 
laws and regulations (License Number 2019-05/09).

Financial Support 

The authors has not been received any funding for this work. 

Conflict of Interest Statement 

The authors declared that there is no conflict of interest. 

Author Contributions

Methodology and collection of data, A.I, A.S., investigation and 
data analysis, A.S., M.G., writing - review and editing A.S., A.I., M. 
G. All authors have read and agreed to the published version of the 
manuscript. 

References
1. Yumbir: Yumurta Tavukçuluğu Verileri. Yumurta Üreticileri Merkez 
Birliği. Ankara, 2021. 
2. Tepa (Turkish Egg Producers Association): Egg Production Data of 
Turkish Egg Producers Association. https://www.yum-bir.org/UserFilesFile/
yumurta-veriler2019web.pdf; Accessed: 15 March 2020.
3. Bonnefous C, Collin A, Guilloteau LA, Guesdon V, Filliat C, Réhault-
Godbert S, Rodenburg TB, Tuyttens FAM, Warin L, Steenfeldt S, 
Baldinger L, Re M, Ponzio R, Zuliani A, Venezia P, Väre M, Parrott P, 
Walley K, Niemi JK, Leterrie C: Welfare issues and potential solutions 
for laying hens in free range and organic production systems: A review 
based on literature and interviews. Front Vet Sci, 9, 2022. DOI: 10.3389/
fvets.2022.952922
4. Campbell DLM, Haas EN, Lee C: A review of environmental enrichment 
for laying hens during rearing in relation to their behavioral and physiological 
development. Poult Sci, 98, 9-28, 2019. DOI: 10.3382/ps/pey319
5. Yang HM, Yang Z, Wang W, Wang ZY, Sun HN, Ju XJ, Qi XM: Effects of 
different housing systems on visceral organs, serum biochemical 
proportions, immune performance and egg quality of laying hens. Eur Poult 
Sci, 78:2014, 2014. DOI: 10.1399/eps.2014.48 
6. Franco D, Rois D, Arias A, Justo JR, Marti-Quijal FJ, Khubber S, Barba 
FJ, Pedrouso ML, Lorenzo JM: Effect of breed and diet type on the 
freshness and quality of the eggs: A Comparison between Mos (Indigenous 
Galician Breed) and Isa Brown hens. Foods, 9 (3):342, 2020. DOI: 10.3390/
foods9030342
7. Nistor LI, Albu A, Nistor AC, Usturoi MG: Aspects of eggs quality 
provided from free range and conventional systems. J Microbiol Biotechnol 
Food Sci, 5, 186-189, 2015. DOI: 10.15414/jmbfs.2015.5.2.186-189
8. Hernandes JM: European consumer surveys about egg quality: how to 
improve the nutritional value. XIth European Symposium on the Quality of 
Eggs and Egg Products. Doorwerth, The Netherlands, 23-26 May, 2005.
9. Ketta M, Tumová E, Englmaierová M, Chodová D: Combined effect of 
genotype, housing system, and calcium on performance and eggshell quality 
of laying hens. Animals, 10:2120, 2020. DOI: 10.3390/ani10112120
10. Nowaczewski S, Kontecka H, Rosiński A, Koberling RS, Koronowski 
P: Egg quality of Japanese quail depends on layer age and storage time. Folia 
Biol, 58, 201-207, 2010. DOI: 10.3409/fb58_3-4.201-207
11. Olgun O, Altay Y, Yıldız AO: Effects of carbohydrase enzyme 
supplementation on the performance, eggshell quality, and bone parameters 
of laying hens fed corn- and wheat-based diets. Brit Poult Sci, 59 (2): 211-
217, 2018. DOI: 10.1080/00071668.2018.1423677
12. Kubiś M, Lewko L, Kaczmarek SA, Nowaczewski S, Hejdysz M, 
Rutkowski A: The effect of enzyme and protein source on laying hens 
performance, eggshell and bone traits. Emir J Food Agric, 31 (5): 353-360, 
2019. DOI: 10.9755/ejfa.2019.v31.i5.1953
13. Gautron J, Réhault-Godbert S, Van de Braak TGH, Dunn IC: Review: 
What are the challenges facing the table egg industry in the next decades 
and what can be done to address them? Animal, 1751-7311, 2021. DOI: 
10.1016/j.animal.2021.100282 
14. Mugnai C, Castellini C, Bosco A: Effect of rearing system and season on 
the performance and egg characteristics of Ancona laying hens. Ital J Anim 
Sci, 8, 175-188, 2019. DOI: 10.4081/ijas.2009.175
15. Rizzi C: Yield performance, laying behaviour traits and egg quality of 
purebred and hybrid hens reared under outdoor condition. Animals, 10:584, 
2020.  DOI: 10.3390/ani10040584 
16. Van De Weerd HA, Keatinger R, Roderick S: A review of key health-
related welfare issues in organic poultry production. World Poult Sci J, 65, 
649-684, 2019. DOI: 10.1017/S0043933909000464

https://www.yum-bir.org/UserFilesFile/yumurta-veriler2019web.pdf
https://www.yum-bir.org/UserFilesFile/yumurta-veriler2019web.pdf
https://www.frontiersin.org/articles/10.3389/fvets.2022.952922/full
https://www.frontiersin.org/articles/10.3389/fvets.2022.952922/full
https://www.frontiersin.org/articles/10.3389/fvets.2022.952922/full
https://www.frontiersin.org/articles/10.3389/fvets.2022.952922/full
https://www.frontiersin.org/articles/10.3389/fvets.2022.952922/full
https://www.frontiersin.org/articles/10.3389/fvets.2022.952922/full
https://www.frontiersin.org/articles/10.3389/fvets.2022.952922/full
https://www.sciencedirect.com/science/article/pii/S0032579119302822?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579119302822?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579119302822?via%3Dihub
https://www.european-poultry-science.com/Effects-of-different-housing-systems-on-visceral-organs-serum-biochemical-proportions-immune-performance-and-egg-quality-of-laying-hens,QUlEPTQzNzI4MDQmTUlEPTE2MTAxNA.html
https://www.european-poultry-science.com/Effects-of-different-housing-systems-on-visceral-organs-serum-biochemical-proportions-immune-performance-and-egg-quality-of-laying-hens,QUlEPTQzNzI4MDQmTUlEPTE2MTAxNA.html
https://www.european-poultry-science.com/Effects-of-different-housing-systems-on-visceral-organs-serum-biochemical-proportions-immune-performance-and-egg-quality-of-laying-hens,QUlEPTQzNzI4MDQmTUlEPTE2MTAxNA.html
https://www.european-poultry-science.com/Effects-of-different-housing-systems-on-visceral-organs-serum-biochemical-proportions-immune-performance-and-egg-quality-of-laying-hens,QUlEPTQzNzI4MDQmTUlEPTE2MTAxNA.html
https://www.mdpi.com/2304-8158/9/3/342
https://www.mdpi.com/2304-8158/9/3/342
https://www.mdpi.com/2304-8158/9/3/342
https://www.mdpi.com/2304-8158/9/3/342
https://www.mdpi.com/2304-8158/9/3/342
https://office2.jmbfs.org/index.php/JMBFS/article/view/8392
https://office2.jmbfs.org/index.php/JMBFS/article/view/8392
https://office2.jmbfs.org/index.php/JMBFS/article/view/8392
https://www.mdpi.com/2076-2615/10/11/2120
https://www.mdpi.com/2076-2615/10/11/2120
https://www.mdpi.com/2076-2615/10/11/2120
https://www.ingentaconnect.com/content/isez/fb/2010/00000058/f0020003/art00011
https://www.ingentaconnect.com/content/isez/fb/2010/00000058/f0020003/art00011
https://www.ingentaconnect.com/content/isez/fb/2010/00000058/f0020003/art00011
https://www.tandfonline.com/doi/full/10.1080/00071668.2018.1423677
https://www.tandfonline.com/doi/full/10.1080/00071668.2018.1423677
https://www.tandfonline.com/doi/full/10.1080/00071668.2018.1423677
https://www.tandfonline.com/doi/full/10.1080/00071668.2018.1423677
https://ejfa.me/index.php/journal/article/view/1953
https://ejfa.me/index.php/journal/article/view/1953
https://ejfa.me/index.php/journal/article/view/1953
https://ejfa.me/index.php/journal/article/view/1953
https://www.sciencedirect.com/science/article/pii/S1751731121001257?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1751731121001257?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1751731121001257?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1751731121001257?via%3Dihub
https://www.tandfonline.com/doi/abs/10.4081/ijas.2009.175
https://www.tandfonline.com/doi/abs/10.4081/ijas.2009.175
https://www.tandfonline.com/doi/abs/10.4081/ijas.2009.175
https://www.mdpi.com/2076-2615/10/4/584
https://www.mdpi.com/2076-2615/10/4/584
https://www.mdpi.com/2076-2615/10/4/584
https://www.mdpi.com/2076-2615/10/4/584
https://www.mdpi.com/2076-2615/10/4/584
https://www.mdpi.com/2076-2615/10/4/584


444

Comparison of Commercial and Türk Layer Hybrids Kafkas Univ Vet Fak Derg

17. EU (European Union) Directive 1804/1999, Council 1999: Organic 
production of agricultural products and indications referring thereto on 
agricultural products and foodstuffs to include livestock production. Off J 
Eur Communities, 19, 24-28, 1999.
18. Hovi M, Sundrum A, Thamsborg SM: Animal health and welfare in 
organic livestock production in Europe: Current state and future challenges. 
Livest Prod Sci, 80, 41-53, 2003. DOI: 10.1016/S0301-6226(02)00320-2 
19. Goger H, Demirtas SE, Yurtogullari S: Developments in the 
performance of brown egg layer parental stocks for superior hybrid. Turk J 
Vet Anim Sci, 38, 546-551, 2014. DOI: 10.3906/vet-1405-45 
20. EU (European Union) Directive 1999/74/EC, Council: Laying down 
minimum standards for the protection of laying hens. Off J Eur Communities, 
19, 53-57, 1999.
21. AOAC International: Official Methods of Analysis of AOAC International. 
18th ed., Association of Official Analytical Chemists: Gaithersburg, MD, 
USA, 2006.
22. Anderson KE, Tharrington JB, Curtis PA, Jones FT: Shell characteristics 
of eggs from historic strains of single comb white leghorn chickens and 
relationship of egg shape to shell strength. Int J Poult Sci, 3, 17-19, 2004. 
DOI: 10.3923/ijps.2004.17.19
23. Funk EM: 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, 15:367, 1948. DOI: 10.3382/ps.0270367
24. Haugh RR: The haugh unit for measuring egg quality. US Egg Poultry 
Magazine, 43: 522-555; 572- 673, 1937.
25. Møller AP, Sanotra GS, Vestergaard KS: Developmental instability and 
light regime in chickens (Gallus gallus). Appl Anim Behav Sci, 62, 57-71, 
1999. DOI: 10.1016/S0168-1591(98)00213-5
26. SAS (Version 9.4, 2012, Cary, NC, USA), 2012.
27. Küçükyilmaz K, Bozkurt M, Herken EN, Çınar M, Çatlı AU, Bintas E, 
Çöven F: Effects of rearing systems on performance, egg characteristics and 
immune response in two layer hen genotype. Asian-Australas J Anim Sci, 25: 
559-568, 2012. DOI: 10.5713/ajas.2011.11382
28. Sozcu A, Ipek A, Oguz Z, Gunnarsson S, Riber AB: Comparison of 
performance, egg quality, and yolk fatty acid profile in two Turkish genotypes 
(Atak-S and Atabey) in free-range system. Animal (Basel), 11 (5):1458, 2021. 
DOI: 10.3390/ani11051458
29. Rizzi C, Chiericato GM: Organic farming production. Effect of age on 
the productive yield and egg quality of hens of two commercial hybrid lines 
and two local breeds. Ital J Anim Sci, 4 (3): 160-162, 2005. DOI: 10.4081/
ijas.2005.3s.160
30. Şekeroğlu A, Sarıca M: Serbest yetiştirme (free-range) sisteminin beyaz 
ve kahverengi yumurtacı genotiplerin yumurta verim ve kalitesine etkisi. 
Tavukçuluk Araş Derg, 6, 10-16, 2015.
31. Lampkin N: Organic Poultry Production. Final Report to MAFF, 1997.
32. Castellini C, Mugnai C, Dal Bosco A, Palozzo M, Scuota S: Aspetti 
comportamentali, prestazioni produttive e qualità dell’uovo in galline 
allevate con il metodo biologico. Riv Avicolt, 3 (5-6): 41-44, 2004.

33. Rahmani D, Kallas Z, Pappa M, Gil JM: Are consumers’ egg preferences 
ınfluenced by animal-welfare conditions and environmental impacts? 
Sustainability, 11:6218, 2019. DOI: 10.3390/su11226218 
34. Gautron J, Stapane L, Roy NL, Nys Y, Rodriguez-Navarro AB, Hincke 
MT: Avian eggshell biomineralization: An update on its structure, 
mineralogy and protein tool kit. BMC Mol Cell Biol, 22 (1):11, 2021. DOI: 
10.1186/s12860-021-00350-0
35. Nys Y: Laying hen nutrition: Optimising hen performance and health, 
bone and eggshell quality. In, Achieving Sustainable Production of Eggs. 
47-74, Burleigh Dodds Science Publishing Limited: Cambridge, UK, 2017. 
36. Nys Y, Le Roy N: Calcium homeostasis and eggshell biomineralization 
in female chicken. In, Vitamin D. 4th ed., 361-382, Elsevier: Amsterdam, The 
Netherlands, 2018. 
37. Bain MM, Nys Y, Dunn IC: Increasing persistency in lay and stabilising 
egg quality in longer laying cycles. What are the challenges? Br Poult Sci, 57, 
330-338, 2016. DOI: 10.1080/00071668.2016.1161727 
38. Whitehead CC: Overview of bone biology in the egg-laying hen. Poult 
Sci, 83 (2): 193-199, 2004. DOI: 10.1093/ps/83.2.193 
39. Stratmann A, Fröhlich EKF, Gebhardt-Henrich SG, Harlander-
Matauschek A, Würbel H, Toscano MJ: Genetic selection to increase 
bone strength affects prevalence of keel bone damage and egg parameters 
in commercially housed laying hens. Poult Sci, 95, 975-984, 2016. DOI: 
10.3382/ps/pew026
40. Dunn IC, De Koning DJ, McCormack HA, Fleming RH, Wilson PW, 
Andersson B, Schmutz M, Benavides C, Dominguez-Gasca N, 
Sanchez-Rodriguez E, Rodriguez-Navarro AB: No evidence that selection 
for  egg production persistency causes loss of bone quality in  laying hens. 
Genet Sel Evol, 53:11, 2021. DOI: 10.1186/s12711-021-00603-8
41. Kim WK, Donalson LM, Herrera P, Kubena LF, Nisbet DJ, Rick SC: 
Comparisons of molting diets on skeletal quality and eggshell parameters in 
hens at the end of the second egg-laying cycle. Poult Sci, 84, 522-527, 2015. 
DOI: 10.1093/ps/84.4.522
42. Bishop SC, Fleming RH, McCormack HA, Flock DK, Whitehead CC: 
Inheritance of bone characteristics affecting osteoporosis in laying hens. Br 
Poult Sci, 41, 33-40, 2000. DOI: 10.1080/00071660086376 
43. Kim WK, Ford BC, Mitchell AD, Elkin RG, Leach RM: Comparative 
assessment of bone among wild-type, restricted ovulator and out-
of-production hens. Br Poult Sci, 45, 463-470, 2004. DOI: 10.1080/ 
00071660412331286172
44. Kühn J, Schutkowski A, Kluge H, Hirche F: Free-range farming: A 
natural alternative to produce vitamin D-enriched eggs. Nutrition, 30, 481-
484, 2014. DOI: 10.1016/j.nut.2013.10.002
45. Alfonso-Carrillo C, Benavides-Reyes C, Jon de los M, Dominguez-
Gasca N, Sanchez-Rodríguez E, Garcia-Ruiz AI, Rodriguez-Navarro AB: 
Relationship between bone quality, egg production and eggshell quality in 
laying hens at the end of an extended production cycle (105 weeks). Animals, 
11:623, 2021. DOI: 10.3390/ani11030623

https://www.sciencedirect.com/science/article/pii/S0301622602003202?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0301622602003202?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0301622602003202?via%3Dihub
https://journals.tubitak.gov.tr/veterinary/vol38/iss5/13/
https://journals.tubitak.gov.tr/veterinary/vol38/iss5/13/
https://journals.tubitak.gov.tr/veterinary/vol38/iss5/13/
https://scialert.net/abstract/?doi=ijps.2004.17.19
https://scialert.net/abstract/?doi=ijps.2004.17.19
https://scialert.net/abstract/?doi=ijps.2004.17.19
https://scialert.net/abstract/?doi=ijps.2004.17.19
https://www.sciencedirect.com/science/article/pii/S0032579119506393?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579119506393?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579119506393?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168159198002135?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168159198002135?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168159198002135?via%3Dihub
https://www.animbiosci.org/journal/view.php?doi=10.5713/ajas.2011.11382
https://www.animbiosci.org/journal/view.php?doi=10.5713/ajas.2011.11382
https://www.animbiosci.org/journal/view.php?doi=10.5713/ajas.2011.11382
https://www.animbiosci.org/journal/view.php?doi=10.5713/ajas.2011.11382
https://www.mdpi.com/2076-2615/11/5/1458
https://www.mdpi.com/2076-2615/11/5/1458
https://www.mdpi.com/2076-2615/11/5/1458
https://www.mdpi.com/2076-2615/11/5/1458
https://www.tandfonline.com/doi/abs/10.4081/ijas.2005.3s.160
https://www.tandfonline.com/doi/abs/10.4081/ijas.2005.3s.160
https://www.tandfonline.com/doi/abs/10.4081/ijas.2005.3s.160
https://www.tandfonline.com/doi/abs/10.4081/ijas.2005.3s.160
https://arastirma.tarimorman.gov.tr/tavukculuk/Belgeler/web%20English%20Doc/journal%20(Dergimiz)/Dergimiz%20Cilt%206%20Sayi%201/Cilt%206%20Sayi%201%20Makale%201%20Serbest%20Yeti%C5%9Ftirme%20(Free-Range)%20Sisteminin%20Beyaz%20Kahverengi%20Yumurtac%C4%B1%20Genotiplerin%20Yumurta%20Verim%20ve.pdf
https://arastirma.tarimorman.gov.tr/tavukculuk/Belgeler/web%20English%20Doc/journal%20(Dergimiz)/Dergimiz%20Cilt%206%20Sayi%201/Cilt%206%20Sayi%201%20Makale%201%20Serbest%20Yeti%C5%9Ftirme%20(Free-Range)%20Sisteminin%20Beyaz%20Kahverengi%20Yumurtac%C4%B1%20Genotiplerin%20Yumurta%20Verim%20ve.pdf
https://arastirma.tarimorman.gov.tr/tavukculuk/Belgeler/web%20English%20Doc/journal%20(Dergimiz)/Dergimiz%20Cilt%206%20Sayi%201/Cilt%206%20Sayi%201%20Makale%201%20Serbest%20Yeti%C5%9Ftirme%20(Free-Range)%20Sisteminin%20Beyaz%20Kahverengi%20Yumurtac%C4%B1%20Genotiplerin%20Yumurta%20Verim%20ve.pdf
https://orgprints.org/id/eprint/9326/1/p41-44-Ricerca.pdf
https://orgprints.org/id/eprint/9326/1/p41-44-Ricerca.pdf
https://orgprints.org/id/eprint/9326/1/p41-44-Ricerca.pdf
https://www.mdpi.com/2071-1050/11/22/6218
https://www.mdpi.com/2071-1050/11/22/6218
https://www.mdpi.com/2071-1050/11/22/6218
https://bmcmolcellbiol.biomedcentral.com/articles/10.1186/s12860-021-00350-0
https://bmcmolcellbiol.biomedcentral.com/articles/10.1186/s12860-021-00350-0
https://bmcmolcellbiol.biomedcentral.com/articles/10.1186/s12860-021-00350-0
https://bmcmolcellbiol.biomedcentral.com/articles/10.1186/s12860-021-00350-0
https://www.tandfonline.com/doi/full/10.1080/00071668.2016.1161727

https://www.tandfonline.com/doi/full/10.1080/00071668.2016.1161727

https://www.tandfonline.com/doi/full/10.1080/00071668.2016.1161727

https://www.sciencedirect.com/science/article/pii/S0032579119425789?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579119425789?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579119318097?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579119318097?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579119318097?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579119318097?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579119318097?via%3Dihub
https://gsejournal.biomedcentral.com/articles/10.1186/s12711-021-00603-8
https://gsejournal.biomedcentral.com/articles/10.1186/s12711-021-00603-8
https://gsejournal.biomedcentral.com/articles/10.1186/s12711-021-00603-8
https://gsejournal.biomedcentral.com/articles/10.1186/s12711-021-00603-8
https://gsejournal.biomedcentral.com/articles/10.1186/s12711-021-00603-8
https://www.sciencedirect.com/science/article/pii/S0032579119445604?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579119445604?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579119445604?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0032579119445604?via%3Dihub
https://www.tandfonline.com/doi/abs/10.1080/00071660086376
https://www.tandfonline.com/doi/abs/10.1080/00071660086376
https://www.tandfonline.com/doi/abs/10.1080/00071660086376
https://www.tandfonline.com/doi/full/10.1080/00071660412331286172
https://www.tandfonline.com/doi/full/10.1080/00071660412331286172
https://www.tandfonline.com/doi/full/10.1080/00071660412331286172
https://www.tandfonline.com/doi/full/10.1080/00071660412331286172
https://www.sciencedirect.com/science/article/pii/S0899900713004474?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0899900713004474?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0899900713004474?via%3Dihub
https://www.mdpi.com/2076-2615/11/3/623
https://www.mdpi.com/2076-2615/11/3/623
https://www.mdpi.com/2076-2615/11/3/623
https://www.mdpi.com/2076-2615/11/3/623
https://www.mdpi.com/2076-2615/11/3/623

