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the actual quality of breeding, combining 
integrally three important selection characters, 
such as skin quality, body weight and milk 
production. 
2. Implementing the method for estimating of 
value breeding animals after complex selection 
index will be help increase the efficiency of 
Moldavian Karakul sheep selection.  
3. The method for estimating the value of 
breeding the rams after complex selection 
indices to be formalized by inclusion of these 
provisions in the rules (instructions) livestock 
of evaluation marks and certification of 
material sheep genetically material of breeding, 
with their approval in the established manner.  
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Abstract 
 
Enriched battery cages and free-range as an alternative raising systems are intended to improve welfare of 
hens. Comparison of the productivity performance and egg quality of laying hens housed in two different 
systems regarding the welfare of laying hens was the objective of the study. A totally, eight hundred 19-wk-
old Lohmann Brown hens were housed in enriched cages (n=400; 16 cages; 25 hens per cage) and in free-
range system (n=400) to 50 wk of age. Hen-day egg production, feed intake, feed efficiency were measured 
at 30, 40 and 50 wk. In both rearing systems, eggs were recorded for 2-wk intervals between 30 and 50 wk of 
age to measure egg quality parameters. Hen-egg production was significantly higher in enriched cages than 
free range system throughout the experiment (P<0.05). Hens raised in free-range system had greater egg 
weight, egg shell thickness and dirty eggs than in enriched cages (P<0.05). In addition, the feed intake and 
feed efficiency were higher in the free-range raising system than in the enriched cages at 30 wk. However, 
the heights and width of egg albumen and yolk were not affected by the raising systems (P>0.05).  Based on 
the results the interior egg quality parameters appear to have similar for hens kept in both rearing systems. 
However, the higher proportion of dirty eggs for hens raised in free-range system was the greatest problem 
and still needs to be considered. 
 
Key words: enriched cages, free-range, egg quality, performance, laying hens. 
 
 
INTRODUCTION  
 
After the ban decision on conventional cages in 
the European Union by 2012 (CEC, 1999) 
various alternative housing systems such as 
aviaries, floor husbandry, free-range and 
enriched (furnished) cages have been approved. 
Egg production system is probably one of the 
most important challenges for the egg 
producing industry in the last decade. 
There are various factors including diseases, 
behavior, nutritional value, genetics and air 
conditions in house affecting the level of 
welfare laying hens. Traditional (conventional) 
battery cages are not sufficiently for allowing 
hens behaviour, new rearing systems including 
free cage rearing offer hens a significantly 
improved level of animal welfare than do 
conventional battery cage systems (Duncan, 
1998; Duncan, 2004).  

The use of enriched cages and free-range 
housing systems have received a considerable 
attention raises on hens well-being among the 
other alternative systems.  
Battery cages have many disadvantages for 
welfare including behaviour, but also some 
benefits such as resulting in a low level 
aggression and cannibalism (Appleby, 1998) 
and maintaining a small group size, hygiene 
and animal health conditions (Rodenburg et al., 
2005) 
Differences between the alternative raising 
systems may affect the welfare, health and 
hygiene and resulting in the performance and 
egg quality parameters.  
The aim of the present study was to evaluate 
the differences in laying hens performance and 
internal and external egg quality for laying hens 
kept in enriched cages and free-range systems. 
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MATERIALS AND METHODS 
 
A totally eight hundred 19-wk-old Lohmann 
Brown hens were housed in enriched cages 
(n=400; 16 cages; 25 hens per cage) and in 
free-range system (n=400) to 50 wk of age. The 
enriched cages (120 x 55 x 45; length × width × 
height) had wire floors and solid metal walls. In 
fee-range system, hens were housed in a 
stocking density with six hens per m2 door and 
0.2 hens per m2 of range area. 
Both groups of hens were fed a commercial 
feed containing 17.5 % CP, 2750 kcal ME/kg, 
3.5 % Ca and 0.85% available P. Thought the 
experiment lights were on a 16L:8D schedule, 
from 07:00 to 2300 h. Feed intake, feed 
efficiency were measured at 30, 40 and 50 wk. 
In both rearing systems, eggs were recorded for 
2-wk intervals between 30 and 50 wk of age to 
measure egg quality parameters. Body weight 
and feed intake and feed efficiency were 
determined each week during the all period of 
experiment. Egg production per group, per-
cage-hen-day production and quality 
parameters were 30, 40 and 50 weeks of age on 
the random sample of 30 eggs per treatment.  
Statistical analysis was performed using the 
mixed model and t-test procedure of SPSS 
15.0. Tukey’s test was used to separate group 
means. A significant difference was at P < 
0.05. 
 
RESULTS AND DISCUSSIONS 
 
Housing system has an important influence on 
the performance (Anderson and Adams, 1994; 
Moorthy et al., 2000), welfare (Stojcic et al., 
2012) and for the productive performance of 
laying hens (Mugnai et al. 2009).  
Egg production, feed intake and feed efficiency 
results were presented in Table 1. Feed 
efficiency was lower in the hens kept in the 
enriched cages compared with those reared in 
the free-range system at 30 wk of age (P<0.05). 
Previous studies showed that housing system of 
hens had significant effect on hen egg 
production (Flock et al., 2002; Stojcic et al., 
2012). In present study, hen-egg production 

was significantly higher in enriched cages than 
free range system throughout the experiment 
(P<0.05).On the other hand, Roll et al. (2009) 
showed no difference in egg production 
between laying hens kept in conventional cages 
and in floor pens. Rearing system did not affect 
the feed consumption of laying hens at 30 and 
40 wk of age (P>0.05). However, hens in 
enriched cage system consumed significantly 
lower feed than hens in free-range system at 50 
wk of age (P<0.05)  
Hens raised in free-range system had greater 
egg weight than in enriched cages (P<0.05) 
(Table 2) in the third period (30, 40 and 50 wk 
of age). Besides, egg weight increased over 
time at 30, 40 and 50 wk of age in both rearing 
systems. Similarly, Singh et al (2009) also 
found greater egg weights in floor pens than in 
conventional cages. In contrast to our findings, 
Yakabu et al. (2007) reported that eggs from 
floor pens were lighter than those from 
conventional cages.  
Significant influence of rearing system was 
obtained on egg shape index at 30 wk of age, 
on egg shell thickness throughout the 
experiment (P<0.05). However, the shape index 
did not differ between two rearing systems at 
40 and 50 wk of age (P>0.05). The thickest egg 
shell was recorded in eggs from hens reared in 
free-range at 40 and 50 wk of age (P<0.05). 
Mortality is a main indicator of poor welfare, 
management and other housing conditions. 
Tauson and Abrahamsson (1999) reported that 
a greater mortality of hens kept floor pens than 
cages. Contrary, in our study mortality during 
the rearing period in enriched cages was higher 
than free-range housing system (7.8 % for 
enriched cages and 5.4 % for free range). 
Egg quality is important for the economic 
success of a producer and also consumer appeal 
(Singh et al. 2009). Egg quality may be 
influenced by several factors including housing 
regimen and nutritional values. The overall egg 
internal quality parameters (albumen height, 
width and yolk height, width) were not 
significantly (P>0.05) different between the 2 
rearing systems (Table 3). 

 
 

 
Table 1. Effect of rearing (enriched cage and free-range) systems on egg production and performance of laying hens  

 
Period 

Hen-egg production (%) Feed consumption (g/hen per d) Feed efficiency (g of feed/g of egg) 

Enriched Free-range Enriched Free-range Enriched Free-range 

Wk 30 91.6a±1.12 87.4b±1.22 103.7±0.47 107.6±0.44 2.15b±0.06 2.20a±0.09 

Wk 40 94.0a±1.36 90.3b±1.10 115.2±0.38 118.4±0.46 2.08±0.03 2.10±0.06 

Wk 50 91.1a±1.22 88.6b±1.31 118.6b±0.40 124.7a±0.39 2.12±0.04 2.14±0.05 

a,bMeans± SE within each period with different superscript letters are significantly different (P < 0.05).  

Table 2. Weight, shape index, shell weight and shell thickness of eggs of laying hens in enriched cages and free-range 
systems 

 
Period 

Egg weight (g) Shape index 
 Shell weight (g) Shell thickness (mm) 

Enriched Free-range Enriched Free-range Enriched Free-range Enriched Free-range 

Wk 30 56.2b±0.31 59.8a±0.23 76.0b±1.11 77.5a±0.22 6.3±0.09 7.5a±0.09 0.30±0.005 0.33±0.004 

Wk 40 60.1b±0.47 62.8a±1.03 77.3±0.24 76.9±0.35 6.7±0.09 7.0±0.09 0.27b±0.004 0.31a±0.003 

Wk 50 62.1b±0.32 64.0a±0.47 77.2±0.27 76.7±0.38 7.1±0.08 7.4±0.11 0.26b±0.003 0.29a±0.004 
a,bMeans± SE within each period with different superscript letters are significantly different (P < 0.05).  

Table 3. Albumen height and width, yolk height and width of eggs of laying hens in enriched cages and free-range 
systems 

 
Period Albumen height (mm) Albumen width (cm) 

 Yolk height (mm) Yolk width (mm) 

Enriched  Free-range Enriched  Free-range Enriched  Free-range Enriched  Free-range 

Wk 30 8.2±0.14 8.0±0.16 7.6±0.13 7.4±0.12 18.4±0.09 18.4±0.12 41.0±0.24 42.2±0.22 

Wk 40 8.0±0.18 8.2±0.14 7.6±0.22 7.4±0.19 18.6±0.11 18.5±0.09 42.1±0.13 41.3±0.15 

Wk 50 8.4±0.22 8.5±0.18 7.3±0.08 7.2±0.09 18.6±0.10 18.7±0.10 40.9±0.22 40.3±0.23 

a,bMeans± SE within each period with different superscript letters are significantly different (P < 0.05).  
 
 

The influence of rearing systems differed dirty 
eggs and cracked eggs (Table 4).  

Table 4. Cracked and dirty eggs of laying hens in 
enriched cages and free-range systems 

Period 
Cracked eggs (%) Dirty eggs (%) 

Enriched Free-range Enriched Free-range 

Wk 30 0.35±0.02 0.40±0.03 2.59b±0.11 5.33a±0.18 

Wk 40 0.54a±0.04 0.78a±0.06 2.04b±0.13 6.72a±0.17 

Wk 50 1.12a±0.09 0.86b±0.06 1.88b±0.09 8.41a±0.22 

 
In our study proportions of dirty eggs were 
significantly higher in the free-range system 
than enriched cage system (P<0.05). However, 

no significant differences were found in interior 
egg quality traits between keeping systems 
(P>0.05). A similar housing effect was found 
by Abrahamsson and Tauson, (2005). Besides, 
the percentage of cracked eggs was influenced 
by rearing system and increased with age 
(P<0.05). The highest percentage of cracked 
eggs was observed in free-range systems 
(P<0.05). 
 
CONCLUSIONS  
 
Based on the results the interior egg quality 
parameters appear to have similar for hens kept 
in both rearing systems. However, the higher 
proportion of dirty eggs for hens raised in free-
range system was the greatest problem and still 
needs to be considered. 
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MATERIALS AND METHODS 
 
A totally eight hundred 19-wk-old Lohmann 
Brown hens were housed in enriched cages 
(n=400; 16 cages; 25 hens per cage) and in 
free-range system (n=400) to 50 wk of age. The 
enriched cages (120 x 55 x 45; length × width × 
height) had wire floors and solid metal walls. In 
fee-range system, hens were housed in a 
stocking density with six hens per m2 door and 
0.2 hens per m2 of range area. 
Both groups of hens were fed a commercial 
feed containing 17.5 % CP, 2750 kcal ME/kg, 
3.5 % Ca and 0.85% available P. Thought the 
experiment lights were on a 16L:8D schedule, 
from 07:00 to 2300 h. Feed intake, feed 
efficiency were measured at 30, 40 and 50 wk. 
In both rearing systems, eggs were recorded for 
2-wk intervals between 30 and 50 wk of age to 
measure egg quality parameters. Body weight 
and feed intake and feed efficiency were 
determined each week during the all period of 
experiment. Egg production per group, per-
cage-hen-day production and quality 
parameters were 30, 40 and 50 weeks of age on 
the random sample of 30 eggs per treatment.  
Statistical analysis was performed using the 
mixed model and t-test procedure of SPSS 
15.0. Tukey’s test was used to separate group 
means. A significant difference was at P < 
0.05. 
 
RESULTS AND DISCUSSIONS 
 
Housing system has an important influence on 
the performance (Anderson and Adams, 1994; 
Moorthy et al., 2000), welfare (Stojcic et al., 
2012) and for the productive performance of 
laying hens (Mugnai et al. 2009).  
Egg production, feed intake and feed efficiency 
results were presented in Table 1. Feed 
efficiency was lower in the hens kept in the 
enriched cages compared with those reared in 
the free-range system at 30 wk of age (P<0.05). 
Previous studies showed that housing system of 
hens had significant effect on hen egg 
production (Flock et al., 2002; Stojcic et al., 
2012). In present study, hen-egg production 

was significantly higher in enriched cages than 
free range system throughout the experiment 
(P<0.05).On the other hand, Roll et al. (2009) 
showed no difference in egg production 
between laying hens kept in conventional cages 
and in floor pens. Rearing system did not affect 
the feed consumption of laying hens at 30 and 
40 wk of age (P>0.05). However, hens in 
enriched cage system consumed significantly 
lower feed than hens in free-range system at 50 
wk of age (P<0.05)  
Hens raised in free-range system had greater 
egg weight than in enriched cages (P<0.05) 
(Table 2) in the third period (30, 40 and 50 wk 
of age). Besides, egg weight increased over 
time at 30, 40 and 50 wk of age in both rearing 
systems. Similarly, Singh et al (2009) also 
found greater egg weights in floor pens than in 
conventional cages. In contrast to our findings, 
Yakabu et al. (2007) reported that eggs from 
floor pens were lighter than those from 
conventional cages.  
Significant influence of rearing system was 
obtained on egg shape index at 30 wk of age, 
on egg shell thickness throughout the 
experiment (P<0.05). However, the shape index 
did not differ between two rearing systems at 
40 and 50 wk of age (P>0.05). The thickest egg 
shell was recorded in eggs from hens reared in 
free-range at 40 and 50 wk of age (P<0.05). 
Mortality is a main indicator of poor welfare, 
management and other housing conditions. 
Tauson and Abrahamsson (1999) reported that 
a greater mortality of hens kept floor pens than 
cages. Contrary, in our study mortality during 
the rearing period in enriched cages was higher 
than free-range housing system (7.8 % for 
enriched cages and 5.4 % for free range). 
Egg quality is important for the economic 
success of a producer and also consumer appeal 
(Singh et al. 2009). Egg quality may be 
influenced by several factors including housing 
regimen and nutritional values. The overall egg 
internal quality parameters (albumen height, 
width and yolk height, width) were not 
significantly (P>0.05) different between the 2 
rearing systems (Table 3). 

 
 

 
Table 1. Effect of rearing (enriched cage and free-range) systems on egg production and performance of laying hens  

 
Period 

Hen-egg production (%) Feed consumption (g/hen per d) Feed efficiency (g of feed/g of egg) 

Enriched Free-range Enriched Free-range Enriched Free-range 

Wk 30 91.6a±1.12 87.4b±1.22 103.7±0.47 107.6±0.44 2.15b±0.06 2.20a±0.09 

Wk 40 94.0a±1.36 90.3b±1.10 115.2±0.38 118.4±0.46 2.08±0.03 2.10±0.06 

Wk 50 91.1a±1.22 88.6b±1.31 118.6b±0.40 124.7a±0.39 2.12±0.04 2.14±0.05 

a,bMeans± SE within each period with different superscript letters are significantly different (P < 0.05).  

Table 2. Weight, shape index, shell weight and shell thickness of eggs of laying hens in enriched cages and free-range 
systems 
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Egg weight (g) Shape index 
 Shell weight (g) Shell thickness (mm) 

Enriched Free-range Enriched Free-range Enriched Free-range Enriched Free-range 

Wk 30 56.2b±0.31 59.8a±0.23 76.0b±1.11 77.5a±0.22 6.3±0.09 7.5a±0.09 0.30±0.005 0.33±0.004 

Wk 40 60.1b±0.47 62.8a±1.03 77.3±0.24 76.9±0.35 6.7±0.09 7.0±0.09 0.27b±0.004 0.31a±0.003 

Wk 50 62.1b±0.32 64.0a±0.47 77.2±0.27 76.7±0.38 7.1±0.08 7.4±0.11 0.26b±0.003 0.29a±0.004 
a,bMeans± SE within each period with different superscript letters are significantly different (P < 0.05).  

Table 3. Albumen height and width, yolk height and width of eggs of laying hens in enriched cages and free-range 
systems 

 
Period Albumen height (mm) Albumen width (cm) 

 Yolk height (mm) Yolk width (mm) 

Enriched  Free-range Enriched  Free-range Enriched  Free-range Enriched  Free-range 

Wk 30 8.2±0.14 8.0±0.16 7.6±0.13 7.4±0.12 18.4±0.09 18.4±0.12 41.0±0.24 42.2±0.22 

Wk 40 8.0±0.18 8.2±0.14 7.6±0.22 7.4±0.19 18.6±0.11 18.5±0.09 42.1±0.13 41.3±0.15 

Wk 50 8.4±0.22 8.5±0.18 7.3±0.08 7.2±0.09 18.6±0.10 18.7±0.10 40.9±0.22 40.3±0.23 

a,bMeans± SE within each period with different superscript letters are significantly different (P < 0.05).  
 
 

The influence of rearing systems differed dirty 
eggs and cracked eggs (Table 4).  

Table 4. Cracked and dirty eggs of laying hens in 
enriched cages and free-range systems 

Period 
Cracked eggs (%) Dirty eggs (%) 

Enriched Free-range Enriched Free-range 

Wk 30 0.35±0.02 0.40±0.03 2.59b±0.11 5.33a±0.18 

Wk 40 0.54a±0.04 0.78a±0.06 2.04b±0.13 6.72a±0.17 

Wk 50 1.12a±0.09 0.86b±0.06 1.88b±0.09 8.41a±0.22 

 
In our study proportions of dirty eggs were 
significantly higher in the free-range system 
than enriched cage system (P<0.05). However, 

no significant differences were found in interior 
egg quality traits between keeping systems 
(P>0.05). A similar housing effect was found 
by Abrahamsson and Tauson, (2005). Besides, 
the percentage of cracked eggs was influenced 
by rearing system and increased with age 
(P<0.05). The highest percentage of cracked 
eggs was observed in free-range systems 
(P<0.05). 
 
CONCLUSIONS  
 
Based on the results the interior egg quality 
parameters appear to have similar for hens kept 
in both rearing systems. However, the higher 
proportion of dirty eggs for hens raised in free-
range system was the greatest problem and still 
needs to be considered. 
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Abstract 
 
The objective of the study was to investigate the non-genetic factors affecting the some milk yield traits of Anatolian 
buffalo raised at public hand in Amasya province, Turkey. A total of 239 buffalo calved in 2014 year were constituted 
the research material. Calving age and calving season were assessed as affecting non-genetic factors on daily milk 
yield (DMY), lactation milk yield (LMY) and lactation length (LL). The overall means of DMY, LMY and LL were 
2.76±0.051 kg, 470.91±9.784 kg and 171.8±1.66 day, respectively. Calving age had a significant (P<0.05) effect on 
DMY and LMY, but its effect on LL was not significant. The effects of calving season on DMY, LMY and LL were not 
significant. DMY and LMY increase progressively until 8th calving age, and the highest milk yield found in the 8thage, 
then decline gradually in the 9th and 10th ages. The current results show that good selection programme and 
improvement management including for calving age could improve milk yield traits.   
 
Key words: Anatolian buffalo, calving season, daily milk yield, lactation milk yield, lactation length. 
 
INRODUCTION  
 
Buffalo farming has been an important 
production source for Turkey. However, 
Turkey’s buffalo population and its amount of 
production have declined dramatically during 
the last 40 years because of increasing demand 
for cattle production rather than buffalo 
production (Soysal, 2014). 
Turkish water buffalo, which is called as 
Anatolian buffalo are practically classified as a 
river water buffalo of Mediterranean water 
buffaloes group (Cicek et al., 2009; Soysal, 
2014). Buffaloes are having high capacity to 
face adverse environmental conditions and a 
remarkable longevity. Anatolian Buffalo 
breeding which is a traditional production 
model has great importance in the rural 
household economy with small holding of 
Turkey (Pawar et al., 2012). They are mostly 
bred in North, Middle, West, East, and 
Southeast Anatolia in Turkey (Atasever and 
Erdem, 2008). Anatolian buffaloes are a 
considerably preferred due to their resistance to 
diseases and lower feed consumption (Şahin et 
al., 2014). Most important reasons for rearing 

Anatolian water buffalos are their milk and 
meat (Soysal et al., 2015).  
Lactation milk yield (LMY) and lactation 
length (LL)are important parameters of dairy 
buffaloes (Chaudhry, 1992). Milk yield in 
buffaloes are depended upon genetic and non-
genetic factors. The non-genetic or 
environmental factors such as management, 
amount and quality of feed and season (Afzal et 
al., 2007; Pawar et al., 2012) are also closely 
interacted with animal’s health and productivity 
(Kamble et al., 2014). The milk yield traits in 
buffaloes are influenced by numerous 
environmental factors (Zakariyya et al., 1995), 
for example calving age and calving season 
(Raza et al., 1999; Khosroshahi et al., 2011; 
Şahin and Ulutaş, 2015). In order to enhance 
productivity of a dairy buffalo cow, it is 
necessary to develop and understanding of the 
factors effecting its milk production (Afzal et 
al., 2007; Pawar et al., 2012). Only a few 
reports about these factors on milk yield and 
lactation length for Anatolian buffaloes. Thus, 
further studies are needed to determine on milk 
yield traits of Anatolian buffaloes. The 
objective of this investigation was to determine 
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