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______________________________________________________________________________________ 
Abstract 

This study was conducted to investigate the effects of cage tier and age on performance 
characteristics of layer hybrids, egg quality and some stress parameters. Ninety laying hens (hybrid ATAK-S) 
of similar bodyweights were used in the experiment. They were housed in three-tier conventional battery 
cages (bottom, middle and top) with 600 cm2/per bird. The experiment was conducted on hens from the age 
of 18 weeks to 42 weeks. Layers at the age of 18 weeks were randomly allocated to conventional three-tier 
battery cages with five replicates of six hens per treatment in a completely randomized design. In the bottom, 
middle and top tiers, 5% age of yield was observed as 151, 146 and 156 days, respectively; 50% age of yield 
was 162.4, 158.6 and 161.8 days; 5% yield age bodyweight (BW) as 1597.8, 1460.5 and 1599.2 g; 50% 
yield age BW as 1708.7, 1666.4 and 1671.7 g, respectively. The effects of cage tiers on week 42 BW, feed 
conversion ratio (FCR), tonic immobility (TI), egg weight (EW), egg yield (EY), and most external and internal 
quality traits of the hens’ eggs were found to be insignificant. Except for shape index (SI) and albumen pH, 
internal and external quality traits of eggs were significantly affected by age of the hens. In addition, there 
were significant effects of age on the FCR, EY, EW and oviposition time. The effects of cage tier on tonic 
immobility (TI) in week 42 and viability were found to be insignificant, but TI in week 30 was found to be 
significant. It can be concluded that cage tier did not have significant effects on egg yield, egg quality and 
indicators of stress parameters studied in the experiment. However, these parameters were affected by the 
age of the hens at the beginning of the laying period. 
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Introduction 

Egg quality and animal welfare can be affected seriously by production systems. Poultry products and 
their quality are affected significantly by genetic and ecological conditions such as the indoor environment of 
the poultry house (Bell & Weaver, 2002; Ahmed & Singh, 2007).  

Battery cage systems are commonly used in poultry houses to provide some commercial and health 
benefits (Appleby, 1998; Rodenburg et al., 2005; Vits et al., 2005). However, battery cages may increase 
bird stress according to welfare perceptions (Hughes et al., 1993; Nicol, 1995; Vestergaard et al., 1997; 
Tauson, 1998; Onbasilar & Aksoy, 2005; Ledvinka et al., 2012). Previous researchers reported significantly 
different performances for laying hens in caged houses because of varying housing systems and indoor 
environmental conditions of the poultry house (Duncan, 2001; De Boer & Cornelissen, 2002; Awoniyi, 2003). 
Therefore, optimal environmental conditions should be provided in caged houses with sufficient quality and 
quantity of equipment (Karaman et al., 2013). Environmental conditions are not the same in every part of the 
caged layer house, and differences in microenvironments such as in ventilation, lighting and temperature 
might occur among cage tiers. The stress exerted by cages on production and animal welfare has been 
investigated extensively by many researchers (Carey, 1987; Carey et al., 1995; Patterson & Siegel, 1998;  
Carmichael et al., 1999; Onbasilar & Aksoy, 2005), but the impacts of varying microenvironments of cage tier 

http://dx.doi.org/10.4314/sajas.v44i3.1
http://creativecommons.org/licenses/by/2.5/za
mailto:ahmet.sekeroglu@nigde.edu.tr


Sekero et al., 2014. S. Afr. J. Anim. Sci. vol. 44 289 
 
 

 
 

 

on performance have seldom been investigated. External and internal quality of eggs are dependent on 
genotype and environmental factors such as housing system, oviposition time, age, ambient temperature 
and nutrition, as well as their interactions (Charvátová & Tůmová, 2010; Tůmová & Gous, 2012). External 
egg quality, namely egg weight, poorer and variable eggshell quality, and shape index, and internal egg 
quality, namely proportion of yolk, albumen and lipid, depend on the age of laying hens (Rizzi & Chiericato, 
2005; Johnston & Gous, 2007; Tůmová & Ledvinka, 2009; Charvátová & Tůmová, 2010). Egg weight, 
eggshell content, albumen height and albumen pH are affected by interactions between the age of laying 
hens, oviposition time and housing system (Van den Brand et al., 2004; Tůmová et al., 2011). 

This study was carried out in a poultry house to evaluate the effects of cage tier and age of hens on 
animal performance (egg yield, egg quality, feed consumption, and live weight) at the beginning of lay during 
the winter season.  
 
Materials and Methods  

This research was conducted in an experimental poultry house of the Department of Animal Science, 
Gaziosmanpaşa University, Tokat, Turkey. Ninety laying hens (hybrid, ATAK-S) of similar bodyweights were 
used in the experiments, starting when the hens were 18 weeks old and ending when they were 42 weeks 
old. Birds used in the experiment were cared for under the guidelines in the “Guide for the Care and Use of 
ATAK–S Brown Hybrid Laying Hens in the Poultry Research Institute”, Ankara, Turkey.  The experiment was 
approved by the Animal Ethics Committee (2011 HADYEK-043). 

The poultry house contained conventional battery cages arranged in a three-tier design, namely 
bottom, middle and top. A cage provided 600 cm2 per bird. At 18 weeks of age, the hens were randomly 
allocated to the treatments, the three tiers, with five replicates of six hens per treatment in a completely 
randomized design. 

The long axis of the poultry house was oriented east to west. The dimensions of the house were 30 × 
8 × 2.7 m (L × W × H) with a ridge height of 1.7 m. Natural ventilation was provided through six air outlets 
(0.48 m2 each) over the ridge, and 20 windows (50 × 120 cm each) over the long axis of the building. The 
building had automated watering, feeding and litter removal systems. There were two double-sided cage 
blocks, and each block had three tiers. The base dimensions of the galvanized wire cages were 60 × 60 cm, 
45.5 cm front height and 41 cm rear height. Heating was not provided during the research period, and 
ventilation was kept at a constant level. Lighting was provided by 20 ordinary light bulbs (each with 25 W and 
at a height of 1.80 cm) without light traps. The lighting intensity was 3.13 W m-2. Following sexual maturation, 
the lighting was gradually increased to 16 h between 18 and 23 weeks of age. Constant 16 h lighting was 
applied afterwards until the end of the experiments (Efil & Sarica, 1998).  

Feed and water were supplied ad libitum throughout the experimental period. Feed consumption was 
recorded weekly and calculated as g per hen per day. From 18 weeks of age the hens were fed a diet 
containing 11.29 MJ ME/kg and 160 g crude protein/kg. Hens were weighed individually at 18, 30 and 42 

weeks of age with an electronic balance (± 0.01 g). Feed efficiency was calculated as g feed per g egg. 
Viability was observed visually and recorded daily throughout the experimental period.  

Eggs from each replicate were collected three times a day, at 09:00, 13:00 and 15:00, and weighed 
with an electronic balance at the same time every day to calculate hen-day egg production (HDEP) and 
henhouse egg production (HHEP), percentage hen-day egg production (HDP) and percentage henhouse 
egg production (HHP), and egg weight (EW) from 24 to 42 weeks of age. In addition, age (day) at 5% and 
50% egg production and bodyweights at 5% and 50% egg production age were recorded.  

On the last day of every three weeks 30% of the eggs were randomly selected from each experimental 
group to assess egg quality. An average of three measurements (3 times) were taken at the equator, blunt 
edge and pointed edge of the egg and recorded for lightness (L*), redness (a*) and yellowness (b*) of the 
eggshell with a Minolta CR400 chromameter (Konica Minolta Sensing Inc., Osaka, Japan). Colour 
differences (∆E*) were calculated using the L*, a*, b*, and expressed as the colour of the egg (Ingram et al., 
2008).  

The eggs were analysed for interior and exterior quality traits, weight, shell surface area, specific 
gravity, shape index, shell-breaking strength, shell weight, thickness, albumen index, yolk index, Haugh unit 
(HU) score and albumen pH (Nordstrom & Ousterhout, 1982; Silversides, 1994; Anderson et al., 2004; TSE, 
2009; Sekeroglu et al., 2010). Egg specific gravity was determined with graded salt solutions ranging from 
1.069 g/cm3 to 1.099 g/cm3 with gradations of 0.003 g/cm3, as described by Hamilton (1982). After that, shell-
breaking strength was measured with a shell strength device with a spiral pressure system (Fujihara, 
Saitama, Japan). Subsequently, the eggs were broken one by one onto a glass plate. Allowing a waiting 
period of 5 min the albumen and yolk heights were measured with a tripod micrometer, and the long and 
short diameters of albumen, and diameter of yolk with a digital calliper (± 0.001 mm). The formulas of egg 
quality traits are presented in Table 1. Shell thickness was measured with a calliper as an average of three 
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measurements taken at the equator, the blunt edge and pointed edge of the egg without membrane. The 
yolk colour was determined with a DSM (2013) yolk colour fan (DSM Nutritional Products Ltd., Basel, 
Switzerland), which ranges from pale yellow at score 1 to dark orange at score 15, according to the CIE 
standard colorimetric system. 

At 30 and 42 weeks of age, 10 hens from each cage (a total of 30 hens) were selected and used to 
perform a tonic immobility (TI) test. The TI tests were run by two experimenters in a room adjacent to the 
rearing room. A bird was tested individually by placing it on its back on a U-shaped wooden cradle and 
restrained for 15 s (Mills & Faure, 1991). The observer sat within sight of the bird, approximately 1 m away, 
with his or her eyes fixed on the bird to give fear-inducing properties of eye contact. The duration of TI was 
recorded (i.e., the time until the bird stood up). If an attempt of induction was unsuccessful (no TI or TI 
lasting less than 10 s), the experimenter immediately resumed the induction procedure. If TI could not be 
induced after five attempts, the bird was deemed not to be susceptible and its TI duration score was 
recorded as 0. If the bird did not stand after 10 min, a maximum score of 600 s was recorded for TI duration 
(Campo & Prieto, 2009; Dávila et al., 2011). 

Blood samples were collected at the end of experiment. Two drops of blood were collected from the  
V. cutanea ulnaris, and blood smears were made on glass slides. Slides were stained using the May 
Grunwald-Giemsa staining method (Campbell, 1995). One hundred leukocytes, including heterophils and 
lymphocytes, were counted on each slide. The H/L ratio was calculated by dividing the number of heterophils 
by the number of lymphocytes.  

The data were subjected to an analysis of variance (ANOVA) using SPSS 16.0 software for Windows 
(SPSS Inc. Chicago, IL. USA). The differences between groups were determined by Duncan’s multiple-range 
tests. All values were presented as means and standard errors of the mean, and significance levels were set 
as P <0.05 and P <0.01. 
 
 
Table 1 Formulas of some egg quality traits 
 
Criteria Abbrev. Equation 
1Hen–day egg production , % HDP (No. of eggs produced during period/No. of hen day in the period) x 

100 
1Hen–house egg production,  % HHP [(No. of eggs produced during period/No. live hens in initial 

experiment)/(days)] x 100 
2Hen-house egg production (egg/hen) HHEP (No. of eggs produced during period/No. of hens present at 24 

weeks)  
2Hen-day egg production (egg/hen) HDEP (No. of eggs produced during period/No. of hen day in the period) x 

days 
3Shape index, % SI (Egg width/egg length ) x 100 
3Yolk index, % YI (Yolk height/yolk diameter) x 100 
3Albumen index, % AI [Albumen height/((long diameter of albumen + short diameter of 

albumen) /2) ]×100 
4Egg surface area (cm2) ES 3.9782 × egg weight0.70 
5Shell weight (g) SW (2.0341 x egg weight) - [(2.1014 x egg weight)/specific gravity] 
6Haugh unit (score) HU 100 log (albumen height+7.57-1.7 W0.37) 
Colour difference ∆E* (L2+a2+b2)½ 
   
1North (1984); 2Sekeroglu et al. (2010); 3Doyon et al. (1986); 4Nordstrom & Ousterhout (1982); 5Harms et al. (1990); 
6Roush (1981). 

 
 

Results and Discussion 
All hens stayed healthy over the experimental period. No birds were culled and medical intervention 

was not applied to any bird. 
The results of bodyweight obtained from the various tiers are presented in Table 2. The effects of cage 

tier on bodyweight of the laying hens at the initial stage of the experiment (hens at 18 weeks of age) and at 
42 weeks of age were not significantly different (Table 2, P >0.05), but, there was a significant (P <0.05) 
difference in bodyweight of the hens between tiers at 30 weeks of age. Likewise, tier (bottom, middle, top) of 
cage had different effects (P <0.01) on bodyweight at 5% yield age for hens, except 50% (P >0.05). 
Bodyweight on the bottom tier were higher than on the top tier. The cage floors from bottom to top resulted in 
a lower bodyweight. However, this effect was not present at 42 weeks and 50% yield age. These findings are 
in agreement with the results of earlier studies (Onbasilar & Aksoy, 2005; Bozkurt et al., 2006) who reported 
no differences in bodyweight among tiers at the end of the experiment. Current findings are in agreement 



Sekero et al., 2014. S. Afr. J. Anim. Sci. vol. 44 291 
 
 

 
 

 

with the results of Bozkurt et al. (2006), indicating an adverse impact on laying performance at the top tier. 
These effects were clearer when the laying hens became older. The higher light intensity in the top tier might 
have resulted in stress on the birds housed there, as indicated by Jackson & Waldroup (1987) and Elston et 
al. (2000). In contrast, Grover et al. (1972) claimed that bodyweight of layers maintained on the top cage tier 
was higher than those on lower tiers. As shown in Table 2, no difference was recorded in laying hens 
allocated to different tiers in age at 5% and 50% egg production (P >0.05). Nazlıgül et al. (1995) reported 
that cage row effects were significant on the top rows. Viability was similar in laying hens in the bottom, 
middle and top rows of cages through laying periods and all treatments had less than 5% mortality. ATAK-S 
laying hens were consistently within the viability values recommended by management. When hens were 
housed in top-row cages, mortality was numerically higher. Other researchers reported similar results that 
cage tier (Adams & Jackson, 1970; Grover et al., 1972; Onbasilar & Aksoy, 2005) had no effect on viability. 
These results are contrary to findings of Bozkurt et al. (2006), which indicated that mortality increased with 
top and bottom tiers in 4- to 16-week-old pullets. 

 
 

Table 2 Effects of cage tier on bodyweight, age of yield and viability of laying hens 
 

Parameters 
Cage tiers  

P 
Bottom Middle Top SEM  

Bodyweight (BW), g       
Initial bodyweight 1187 1187 1189 2.55  NS 
30. week old  BW 1868b 1799ab 1780a 17.13  * 
42. week old BW 1963 1946 1942 16.44  NS 
5% yield age BW   1598b 1461a 1599b 12.66  ** 
50% yield age BW  1709 1666 1672 9.95  NS 

Age of yield (days)       
5% 151 146 156 2.89  NS 
50% 162 159 162 0.31  NS 

Viability (%) 100 100   96.67 1.11  NS 
       
SEM: standard error of mean, NS: not significant, P >0.05; * P <0.05; ** P <0.05. 
Means within a row followed by different superscripts differ significantly.  

 
 
The findings obtained on egg production and quality from different tier levels are presented in Table 3. 

The results of this study indicated that cage tier position had no effect on feed efficiency, henhouse egg 
production, hen-day egg production and egg weight. Fidan & Nazlıgül (2012) reported that feed efficiency 
was not significantly different among the tiers in the Denizli genotype. These results are in conflict with the 
findings of Nazlıgül et al. (1995), who found significant differences between laying hens of different genetic 
origin. On the other hand, these findings were similar to the findings of Onbasilar & Aksoy (2005), Yıldız  
et al. (2006) and Sahin (2012) who reported that cage level position did not affect hen-day egg production. 
Current findings are parallel to those of Yıldız et al. (2006) and Sahin (2012), who claimed that the effect of 
tier level was not observed in egg weight of ISA brown and Lohmann layers. Conversely, Fidan & Nazlıgül 
(2012) observed that egg weight was significantly influenced by cage tier. In the Denizli genotype they found 
the highest egg weights from the top and middle tiers (51.3 and 51.0), respectively. Carmichael et al. (1999) 
recorded higher performance when birds were reared in the upper tier cage.  

There was no significant (P >0.05) difference among cage tiers in terms of shape index, specific 
gravity, shell-breaking strength, eggshell thickness and albumen and yolk indices, Haugh unit score, shell 
weight, egg surface area, albumen pH and eggshell colour ∆E*. Specific gravity values of ATAK-S brown 
laying hens ranged from 1.086 to 1.088 and egg quality characteristics were independent of cage tier level. 
These results corroborate the studies of Yıldız et al. (2006) and Sahin (2012), who observed that tier level 
did not affect shape index and eggshell thickness in laying hen eggs. Similarly, the studies conducted by 
Wells (1972), Onbasilar & Aksoy (2005) and Sahin (2012), shell-breaking strength of eggs from different tiers 
was similar. Hens located in the bottom tier had numerically the highest Haugh unit score, albumen and yolk 
index (P >0.05). These results agree with those reported by Yıldız et al. (2006), who found no significant 
effect of cage tier on Haugh unit score, albumen and yolk index. Similarly, some researchers found no 
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differences in egg Haugh unit score of cage tier (Adams & Jackson, 1970; Onbasilar & Aksoy, 2005). 
Albumen quality is an important indicator of egg freshness, and significant for the egg processing industry 
(Jin et al., 2011). Silversides & Villeneuve (1994) claimed that pH is a useful means of describing changes in 
albumen quality over time during storage. However, albumen pH was not affected by cage tier and can be 
used to measure egg freshness. Overall, albumen pH varied between 8.62 and 8.65, which is in agreement 
with data reported for ATAK-S laying hens by Sekeroglu et al. (2010) and Yıldırım et al. (2013; 2014). The 
∆E* values of the eggshell in each tier indicated a high uniformity of eggshell pigmentation. The average ∆E* 
values of ATAK-S brown eggshells from 20-week-old hens in tiers ranged between 71.8 and 72.5. In the 
present study, the values were similar for ATAK-S brown eggs, which are consistent with previous results 
(Yıldırım et al., 2013). Shell colour is usually affected by genetic background, season of lay, nutrition, 
diseases, all kinds of stimuli and drug, etc. (Wei et al., 1992, Yang et al., 2009; Yıldırım et al., 2013; 2014). 

 
 

Table 3 Effects of cage tier on performance, yield and egg quality traits of laying hens 
  

Parameters 
Cage tiers 

P 
Bottom Middle Top SEM 

Egg production (24‒42 week)      
Feed efficiency (g feed/g egg) 2.26 2.28 2.30 0.03 NS 
Henhouse egg production (%) 84.7 84.4 83.0 1.09 NS 
Hen-day egg production (%) 84.7 84.4 83.4 1.03 NS 
Henhouse egg production (egg/hen) 112.6 112.2 110.9 1.37 NS 
Hen-day egg production (egg/hen) 112.6 112.2 110.3 1.45 NS 
Egg weight (g) 60.6 60.1 60.4 0.23 NS 

Egg quality characteristics      
Shape index (%) 76.6 76.5 76.7 0.19 NS 
Specific gravity (g/cm3)   1.086   1.088   1.087   0.001 NS 
Shell breaking strength (kg/cm2) 2.32 2.48 2.26 0.06 NS 
Eggshell thickness (mm) 0.34 0.35 0.34 0.002 NS 
Albumen index (%) 12.04 11.74 11.67 0.18 NS 
Yolk index (%) 44.9 44.8 45.3 0.22 NS 
Haugh unit (score) 95.2 94.3 94.2 0.51 NS 
Shell weight (g) 6.14 6.20 6.06 0.05 NS 
Surface area (cm2) 71.36 70.05 70.01 0.36 NS 
Albumen pH 8.62 8.63 8.65 0.01 NS 
Eggshell colour ∆E* 71.83 72.49 71.90 0.19 NS 

      
SEM: standard error of mean, NS: not significant, P >0.05. 

 
 
The effects of age on performance, yield and egg quality traits of laying hens are given in Table 4. The 

results indicated that hen age affected (P <0.01) feed efficiency, henhouse egg production percentage, hen-
day egg production percentage and egg weight. The feed efficiency at 24 - 29 weeks of age was higher (2.42 
vs. 2.18 and 2.24; P <0.01) than those of 30 - 35-week-old and 36 - 42-week-old groups. Henhouse (%) and 
hen-day (%) egg production at 24 - 29 weeks of age were lower than those of 30 - 35 and 36 - 42 weeks of 
age. In the current experiment, laying performance increased until the age of 28 weeks. Rizzi & Chiericato 
(2005), Baumgartner et al. (2007), Johnston & Gous (2007) and Zita et al. (2009) showed that egg weight 
increases with the age of hens. Conversely, Zemková et al. (2007) demonstrated that egg weight was not 
influenced significantly by the age of hens.  

The ATAK-S produced regular weight eggs (56.5 g) at the beginning of the current experiment, but 
produced the heaviest eggs (63.2 g) at the end of the experiment. Likewise, there were significant 
differences between ages in terms of specific gravity, shell-breaking strength, eggshell thickness, albumen 
and yolk index, Haugh unit score, shell weight, egg surface area and eggshell colour ∆E* (P <0.05), except 
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shape index and albumen pH (P >0.05). Specific gravity, albumen index, yolk index and Haugh unit score 
variables decreased with age in the ATAK-S genotype (P <0.01).  

 
 

Table 4 Effects of age on performance, yield and egg quality traits of laying hens 
  

Parameters 
Age groups  

P 
24 - 29 weeks 30 - 35 weeks 36 - 42 weeks SEM  

Egg production       
Feed efficiency (g feed/g egg) 2.42b 2.18a 2.24a 0.02  ** 
Hen-house egg production (%) 79.8a 87.4b 85.1b 0.89   *** 
Hen-day egg production (%) 79.8a 87.4b 82.3b 0.98  *** 
Egg weight (g) 56.5a 61.0b 63.2c 0.23  *** 

Egg quality characteristics       
Shape index 76.6 77.1 76.3 0.19  NS 
Specific gravity (g/cm3) 1.089b 1.086a 1.086a 0.00  ** 
Shell breaking strength (kg/cm2) 2.16a 2.29ab 2.55b 0.06  * 
Eggshell thickness (mm) 0.33a 0.34a 0.35b 0.00  *** 
Albumen index (%) 12.87c 12.04b 10.9a 0.18  *** 
Yolk index (%) 46.2b 44.4a 44.5a 0.22  ** 
Haugh unit (score) 97.9c 95.2b 91.6a 0.50  *** 
Shell weight (g) 5.80a 6.12b 6.40c 0.05  *** 
Surface area (cm2) 66.3a 70.6b 73.5c 0.36  *** 
Albumen pH 8.62 8.62 8.67 0.01  NS 
Eggshell colour ∆E*   73.0b 70.8a 72.4b 0.19  *** 

       
SEM: standard error of mean, NS: not significant, P >0.05; * P <0.05; ** P <0.01; ***, P <0.001. 
Means within a row followed by the different superscripts differ significantly. 

 
 
The highest specific gravity, albumen and yolk index and haugh unit score were observed at 24 and 

29 weeks of age. Zita et al. (2009) confirmed that the albumen and yolk indices significantly decreased with 
age in ISA Brown, Hisex Brown and Moravia BSL hens, which is in agreement with the current result. On the 
other hand, eggshell quality increased (P <0.01) with age in the ATAK-S genotype. The highest shell-
breaking strength, eggshell thickness, shell weight and surface area were observed between 36 and 42 
weeks of age. Eggshell thickness and strength improved in all age periods. Yannakopoulos & Tserveni-
Gousi (1987) and Zita et al. (2009) observed that the eggshell thickened with the hens’ age, which is in 
agreement with the current findings. The results of the present experiment confirm with the findings of Zita  
et al. (2009), who found a similar thicker eggshell at 20 - 26 weeks and 36 - 42 weeks of age in eggs of 
Hisex Brown and Moravia BSL. It could be concluded that all egg quality characteristics measured in the 
present study depended on age of layer, except shape index and albumen pH. 

Table 5 summarizes the effect of cage tier level on laying hen welfare parameters. TI durations of the 
hens were significantly different during the initial 30 weeks. However, at the end of experiment this effect did 
not reflect on tonic immobility of layers between tiers. At 30 weeks the TI duration of laying hens in the 
bottom cage tier was lower than that of the top cage tier (89.7 vs. 162.6 s). As seen from Table 5, laying 
hens in the top cage tier showed more fear stress than those of the bottom tier. This could suggest that 
exposing birds to continuous light in the top cage tier made them more stressed and fearful according to the 
TI measurement. Campo & Prieto (2009) suggested that the utilization of TI as biological indicator of 
wellbeing, fear and stress may not be useful in all extreme conditions, especially in those including pain. 
However, TI duration has been widely described as a good predictor of the level of fearfulness in domestic 
chickens (Jones, 1986).  

The ratio of heterophils to lymphocytes in the bottom tier was numerically higher (0.73 vs. 0.58 and 
0.57; P >0.05) than those of the middle and top tier groups. This condition could be explained by the 
elevated concentration of corticosterone in blood circulation, which in turn causes an increase in heterophil 



294 Sekeroglu et al., 2014. S. Afr. J. Anim. Sci. vol. 44 
 

count and a decline in lymphocyte count (Siegel, 1985; Onbasilar & Aksoy, 2005). The results obtained in 
the present study are in agreement with the findings of a previous study (Onbasilar & Aksoy, 2005). 

 
 
Table 5 Effects of cage tier on welfare of laying hens  

 

Parameters 
Cage tiers  

P 
Bottom Middle Top SEM  

Tonic immobility (s)       
30. week 89.7a 119.0ab 162.6b 12.87  * 
42. week 156.0 149.8 155.5 13.40  NS 

H/L1 0.73 0.58 0.57 0.15  NS 
       
1H/L: heterophil/lymphocyte ratio, NS: not significant, * P <0.05. 
Means within a row followed by the different superscripts differ significantly.  

 
 
Table 6 reports the effect of cage tier and age on oviposition time of ATAK-S laying hens. In general, 

hens in the bottom cage tier had higher (P <0.05) morning values than those in the other tiers. Conversely, 
this effect was in favour of the other layers (middle and top tier) at midday (P <0.05). Finally, there is no 
effect of cage tier in terms of evening (P >0.05). Egg weight and eggshell quality characteristics vary 
according to the oviposition time. These results are consistent with those of several previous studies that 
indicated that percentage eggs laid early in the morning were higher than later in the day (Tůmová et al., 
2007; Yıldırım et al., 2013). Likewise, there were significant differences between ages in terms of oviposition 
time. Similarly all ages were higher (P <0.01) than those at other times of the day, midday and evening. The 
hen-day egg production percentage of thirty- to thirty-five-week-old hens were higher than those at other 
ages (24 - 29 weeks and 36 - 42 weeks) in the morning (P <0.01). In terms of morning oviposition time, 
percentage of egg produced was higher at 30 - 35 weeks of age because this age showed the peak period of 
egg production in laying hens from the start until 36 - 42 weeks age of laying. 
 
 

Table 6 Effects of cage tier and age on oviposition time 
 

Parameters 
Oviposition time (Hen-day egg production, %) 

P 
Morning (09:00) Midday (13:00) Evening (15:00) 

      

Tiers 

Bottom 70.5 B,c 22.2 A,b 7.3a ** 
Middle 62.9 A,c 28.3 B,b 8.8a ** 
Top 60.4 A,c 30.5 B,b 9.2a ** 
SEM 1.37 1.18 0.80  
P * * NS  

Age 

24-29 weeks 61.8 A,c 28.8 B,b 9.4 ** 
30-35 weeks 71.5 B,c 22.7 A,b 5.9 ** 
36-42 weeks 61.1 A,c 29.1 B,b 9.8 ** 
SEM 1.37 1.18 0.80  
P ** * NS  

      
NS: not significant, P >0.05; * P <0.05; ** P <0.01. 
AB means within a column followed by the different superscripts differ significantly. 
 ab means within a row followed by the different superscripts differ significantly. 

 
 

Conclusion 
In general, there were no differences in egg productivity and egg quality parameters among cage tiers. 

However, the studied parameters such as egg production and egg quality characteristics except shape index 
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and albumen pH were affected by layer hens in the different age groups. Oviposition time is also significantly 
affected by tiers and age groups of laying hens. 
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