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Abstract
The present study was conducted to determine the effect of cage tier on laying performances, blood
biochemical indicators, feather condition and antibody titers of layer breeders among different tiers in
mating cages during the peak laying period. All birds (Hy-Line Brown parent stock breeders) at 27 weeks
of age were housed in 4-tier mating cage. Laying performances, egg quality characteristics, blood
biochemical indicators, antibody titers and feather condition were measured. The highest laying rate was
recorded at 2nd tier, followed by 4th tier and 3rd tier, and the lowest at 1st tier. There were no signi�cant
differences among different tiers in terms of percentage of defective eggs and hatchability performances.
Yolk color was signi�cantly lower at 2nd tier than at other tiers. However, no distinct differences in egg
weight, shell weight, shell color, shell breaking strength, egg shape index, yolk weight, albumen height,
haugh units were observed. Concentrations of serum CK, T-AOC, SOD, GPx and MDA, and the antibody
titers did not change substantially among different tiers. Moreover, the average feather score for each
individual part of the body and an overall average score for birds were not signi�cantly different. We
con�dently conclude that cage tier may be a contributing factor for layer performances. These �ndings
will be helpful for application of natural mating system in layer industry.

Introduction
Poultry welfare is an important topic all over the world, there is an increasing focus on poultry welfare.
Natural mating of poultry is that male and female animals are raised together and naturally mated by
virtue of their sexual instinct. Natural mating has been gradually popularized and applied in China for
some special advantages, such as improvement of animal welfare, e�cient use of land, remarkable
reduction in labor cost and etc. (Li et al. 2018; Bilcik 2005; Brillard et al. 2004). However, this �eld is still in
its infancy, with great work on collection and analysis of the preliminary data, especially that limited
information is available on cage tier.

Increasing evidence suggests that cage tier is one of the most important factor in poultry production as
microenvironmental conditions are not the same in every part of the cage tier, and unavoidable variation
in environments might occur among different tiers in multitier cage systems. There are several studies
relating the effects of cage tier on poultry performances. Jackson (1987) reported that performance as
measured by egg production, egg weight, and mortality signi�cantly deteriorated in a linear fashion
progressing from the bottom to the top in three and four tier cages. Yildiz et al. (2006) con�rmed that egg
production for hens at the top tier was greater than for hens at the middle and bottom tiers. Karaman et
al. (2013) found that mortality was signi�cantly higher in the third tier than in other tiers, and effects of
cage tier on egg blood stains were found to be signi�cant. Moreover, investigations were also conducted
in hen day production and feed consumption (Grover et al. 1972), egg weight (Hurnik et al. 1974), egg
production (Sefton 1976) and tonic immobility (Şekeroğlu et al. 2014). All of these evidences suggest
that cage tier plays a key role in affecting poultry performances. However, these studies are still quite
limited; in particular, there is a lack of such knowledge in the mating cage system. Therefore, a systematic
investigation of cage tier is required.
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The present study was conducted to determine the effect of cage tier on laying performances, blood
biochemical indicators, feather condition and antibody titers of layer breeders among different tiers in
mating cages during the peak laying period.

Materials And Methods

Birds and experimental design
Birds (Hy-Line Brown parent stock breeders) were obtained at 27 weeks of age from Jiangxi Huayu
Poultry Breeding Co., Ltd (Yichun, Jiangxi Province). They were placed into 4-tier mating cage (Hytem
Equipment Manufacturing(Tianjin) Co., Ltd., Tianjin), and were subjected to a photoperiod of 17 h light
and 7 h dark/d. All experimental birds were divided into four groups on the basis of tier with 5 cages (480
cm length × 120 cm width × 80 cm height) and each cage contained 10 roosters and 90 laying hens.
Performance parameters, including laying performances, egg quality characteristics, blood biochemical
indicators, antibody titers and feather condition were recorded daily. The entire experiment lasted for one
month. Feed and water were given ad libitum throughout the experimental period. and the ingredients and
nutrient concentration of basal diet are shown in Table 1.

Table 1
Ingredients and nutrient concentration of basal diet

Ingredients Nutrient concentration Ingredients Nutrient concentration

Metabolizable energy (MJ/kg) 12.14 Arginine (%) 0.89

Crude protein (%) 17.48 Valine (%) 0.77

Lysine (%) 0.87 Linoleic acid (%) 0.97

Methionine (%) 0.43 Calcium (%) 3.98

Methionine + cystine (%) 0.71 Phosphorus (%) 0.45

Isoleucine (%) 0.67 Sodium (%) 0.17

Threonine (%) 0.66 Chloride (%) 0.17

Tryptophan (%) 0.20    

Measurements of mortality and laying performances
hen-day egg production, defective eggs and the number of dead birds were recorded daily and laying rate,
percentage of defective eggs and mortality were calculated by recorded data. Moreover, eggs were
collected and hatched in a commercial layer hatcheries in two consecutive weeks. On the 5th day of
incubation, unfertilized eggs were recorded and eliminated. On the 18th day of incubation, eggs with dead
embryos also were recorded and eliminated. Finally, reproductive performances were evaluated including
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fertility, rate of water loss, male-to-female ratio, hatchability of setting eggs, percentage of healthy chicks
and average pullet hatching weight etc..

Egg quality analysis
Thirty eggs from each tier were randomly collected and used to determine the egg quality. Egg weight,
albumen height, yolk color and Haugh units were measured using automatic egg multitester equipment
(EMT-5200, Robotmation Co., Ltd., Tokyo, Japan). Shell color was recorded with a re�ectometer (PRS-
Evans Electroselenium Ltd, Halstead, Essex) as an average of three measurements taken at the equatorial
region, blunt region and sharp region of the egg Shell weight using a portable electronic balance. Length
and width of each egg were gauged with for egg shape index calculation (egg width /egg length × 100).
Shell breaking strength was determined using an shell strength device (EGG-0503, Robotmation CO., Ltd,
Tokyo, Japan) and shell thickness (without the inner and outer shell membranes) using a shell thickness
meter (ESTG-1, ORKA Food Technology Co., Ltd. Ramat Hasharon, Israel).

Determination of blood biochemical parameters
Blood samples (3 ml/bird) were collected from 10 roosters and 10 laying hens per group by puncturing
the brachial vein using a sterilized syringe. After centrifugation at 3000 rpm for 10 minutes at room
temperature, the separated serum was delivered to Adicon Clinical Laboratories (ADICON Clinical
Laboratory Inc., Hefei, China) for determination of creatine kinase (CK), total antioxidant capacity (T-AOC),
superoxide dismutase (SOD), glutathione peroxidase (GPx) and malondialdehyde (MDA) by an automatic
clinical chemistry analyzer.

Determination of antibody titer
Blood samples (3 ml/bird) were collected from 10 roosters and 10 laying hens per group and serum was
separated by centrifugation at 3000 rpm/min for 10 minutes. The antibody titers against H5N6, H5N7,
H5N7 and H5N9 subtypes avian in�uenza virus (AIV) and newcastle disease virus (NDV) were measured
by HI test. The referral antigens and their corresponding positive sera used in this study were supplied by
the Harbin Veterinary Research Institute, China.

Feather condition
Thirty birds (15 male and 15 female) per group were chosen at random and individually scored on �ve
parts of the body (neck, breast, back, wings and tail) using established 4-point scale (Tauson, 1986). A
higher score represented a better feather condition. Finally, the sum of these �ve parts was also used for
analyses.

Statistical analysis
Data presented as means (± SE) was analyzed using ANOVA followed by the Tukey’s post hoc test, using
Origin Pro 8.0 software (OriginLab Corporation, Northampton, USA). A value of p < 0.05 was considered
statistically signi�cant.
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Results

Laying performances and mortality
Laying performances and mortality in all four groups were demonstrated in Table 2. No dead birds were
found during the experiment. The highest laying rate was recorded at 2nd tier, followed by 4th tier and 3rd
tier, and the lowest at 1st tier. Moreover, no differences in percentage of defective eggs were observed in
the studied groups (P > 0.05). Hatching experiments displayed that there were no signi�cant differences
among different tiers in terms of fertility, rate of water loss, male-to-female ratio, hatchability of setting
eggs, percentage of healthy chicks and average pullet hatching weight (P > 0.05).

 
Table 2

mortality and laying performances of layer breeders among different tiers in the mating cage
Parameters Cage tier

1st tier 2nd tier 3rd tier 4th tier

Mortality

    Hens (%) 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00

    Roosters (%) 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00

Laying performance

    Laying rate (%) 91.14 ± 
0.86a

97.01 ± 0.50c 93.26 ± 
0.57ab

94.64 ± 
0.64bc

    Percentage of defective eggs
(%)

0.27 ± 0.06 0.13 ± 0.04 0.19 ± 0.04 0.22 ± 0.06

    Fertility (%) 96.23 ± 0.52 96.43 ± 0.00 97.02 ± 0.34 95.63 ± 
1.21

    Rate of water loss (%) 12.63 ± 0.19 12.70 ± 0.23 12.11 ± 0.10 12.64 ± 
0.49

    Male-to-female ratio 1.08 ± 0.15 1.08 ± 0.04 1.01 ± 0.04 1.08 ± 0.19

    Hatchability of setting eggs
(%)

87.70 ± 0.20 88.30 ± 1.21 89.29 ± 0.34 90.28 ± 
1.39

    Percentage of healthy chicks
(%)

47.51 ± 3.93 47.86 ± 1.12 47.78 ± 0.77 47.17 ± 
4.64

    Average pullet hatching
weight (g)

40.63 ± 0.24 40.72 ± 0.32 40.86 ± 0.31 41.01 ± 
0.22

Egg quality
Table 3 summarized the effects of cage tier on egg quality characteristics (Table 3). Obviously, yolk color
was signi�cantly lower at 2nd tier than at other tiers (P < 0.05). However, no distinct differences in egg
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weight, shell weight, shell color, shell breaking strength, egg shape index, yolk weight, albumen height,
haugh units were observed in the studied groups (P > 0.05).

Table 3
egg quality characteristics of layer breeders among different tiers in the mating cage

Egg quality characteristics Cage tier

1st tier 2nd tier 3rd tier 4th tier

Egg weight (g) 60.70 ± 0.78 59.86 ± 0.66 61.06 ± 1.04 62.49 ± 1.01

Shell weight (g) 8.14 ± 0.17 8.07 ± 0.10 8.00 ± 0.10 8.22 ± 0.11

Shell color 24.96 ± 0.75 23.99 ± 0.63 24.38 ± 0.85 24.26 ± 0.59

shell breaking strength (kg/cm2) 4.32 ± 0.15 4.39 ± 0.12 4.46 ± 0.12 4.41 ± 0.12

Egg shape index 1.30 ± 0.01 1.28 ± 0.01 1.27 ± 0.01 1.31 ± 0.01

Yolk weight (g) 16.61 ± 0.21 16.43 ± 0.22 16.67 ± 0.27 16.59 ± 0.22

Yolk color 9.49 ± 0.06a 8.35 ± 0.12b 9.60 ± 0.07a 9.71 ± 0.05a

Albumen height (mm) 6.13 ± 0.21 6.29 ± 0.24 6.34 ± 0.37 6.09 ± 0.29

Haugh units 76.89 ± 1.62 78.09 ± 1.84 77.88 ± 2.53 75.94 ± 2.18

Blood biochemical indicators
Results of blood biochemical indicators were displayed in Table 4. Concentrations of serum CK, T-AOC,
SOD, GPx and MDA for hens showed no substantial differences among different tiers (P > 0.05). Quite
coincidentally, a similar phenomenon was observed for roosters. 
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Table 4
Results of blood biochemical indicators of layer breeders among different tiers in the

mating cage
Parameters Cage tier

1st tier 2nd tier 3rd tier 4th tier

Hen

  CK (U/L) 241.78 ± 8.01 240.02 ± 5.53 241.15 ± 9.60 220.75 ± 8.61

  T-AOC (U/mL) 99.75 ± 7.01 96.63 ± 4.30 76.94 ± 8.12 88.31 ± 8.01

  SOD (U/ml) 156.90 ± 5.11 158.38 ± 3.06 148.37 ± 7.57 153.38 ± 4.68

  GPx (mIU/ml) 30.43 ± 1.84 30.39 ± 1.44 25.79 ± 3.01 28.74 ± 2.05

  MDA (nmol/ml) 14.56 ± 1.24 13.70 ± 1.12 16.61 ± 2.82 15.55 ± 1.51

Rooster

  CK (U/L) 241.72 ± 3.30 237.99 ± 8.16 234.12 ± 8.02 236.68 ± 4.32

  T-AOC (U/mL) 99.07 ± 5.61 89.08 ± 9.53 99.91 ± 4.55 91.28 ± 6.47

  SOD (U/ml) 166.39 ± 2.53 161.68 ± 7.59 170.13 ± 3.90 156.11 ± 4.90

  GPx (mIU/ml) 32.42 ± 1.88 28.64 ± 2.48 32.11 ± 1.13 28.57 ± 1.53

  MDA (nmol/ml) 16.71 ± 1.65 14.49 ± 1.31 13.24 ± 0.86 14.52 ± 1.41

Antibody titer
As illustrated in Table 6, the antibody titers of all samples did not change substantially among different
tiers (P > 0.05). Further analysis found that each antibody titer in the blood of hens were higher than 6.
Likewise, roosters exhibited similar antibody response.
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Table 6
results of antibody titer of layer breeders among different tiers in the mating

cage (log2)

Parameters Cage tier

1st tier 2nd tier 3rd tier 4th tier

Hen        

H5N6 8.00 ± 0.30 7.64 ± 0.25 8.08 ± 0.37 8.13 ± 0.19

H5N7 6.73 ± 0.27 6.64 ± 0.20 6.77 ± 0.20 7.20 ± 0.17

H5N7 7.00 ± 0.36 6.50 ± 0.31 7.08 ± 0.29 7.47 ± 0.17

H5N9 11.18 ± 0.26 11.29 ± 0.24 11.23 ± 0.30 10.87 ± 0.17

NDV 10.36 ± 0.24 10.14 ± 0.23 9.92 ± 0.37 10.20 ± 0.20

Rooster        

H5N6 8.60 ± 0.43 8.20 ± 0.42 9.40 ± 0.21 9.31 ± 0.25

H5N7 7.20 ± 0.28 7.33 ± 0.30 7.73 ± 0.25 7.94 ± 0.21

H5N7 7.93 ± 0.42 7.67 ± 0.39 8.33 ± 0.25 8.25 ± 0.21

H5N9 12.33 ± 0.23 12.13 ± 0.22 12.00 ± 0.22 12.38 ± 0.15

NDV 11.07 ± 0.25 11.00 ± 0.22 11.27 ± 0.23 11.00 ± 0.20

Feather scoring

The results of feather scoring displayed that the average feather score for each individual part of the
body and an overall average score for hens were not signi�cantly different among different tiers (P > 
0.05). Interestingly, the feather score of the neck was signi�cantly lower than that of other body parts (P < 
0.05). Furthermore, the average feather score for each individual part of the body and an overall average
score for roosters did not change substantially (P > 0.05).
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Table 5
feather score of body parts of layer breeders among different tiers in the mating cage

Body parts Cage tier

1st tier 2nd tier 3rd tier 4th tier

Hen          

  Neck 3.40 ± 0.16a 3.40 ± 0.16a 3.40 ± 0.16a 3.30 ± 0.15a

  Breast 4.00 ± 0.00b 4.00 ± 0.00b 4.00 ± 0.00b 4.00 ± 0.00b

  Back 4.00 ± 0.00b 4.00 ± 0.00b 4.00 ± 0.00b 3.70 ± 0.15b

  Wing 3.90 ± 0.10b 4.00 ± 0.00b 4.00 ± 0.00b 4.00 ± 0.00b

  Tail 4.00 ± 0.00b 4.00 ± 0.00b 4.00 ± 0.00b 4.00 ± 0.00b

  Overall feather 19.30 ± 0.21A 19.40 ± 0.16A 19.40 ± 0.16A 19.00 ± 0.21A

Rooster          

  Neck 4.00 ± 0.00a 4.00 ± 0.00a 4.00 ± 0.00a 4.00 ± 0.00a

  Breast 4.00 ± 0.00a 4.00 ± 0.00a 4.00 ± 0.00a 4.00 ± 0.00a

  Back 4.00 ± 0.00a 4.00 ± 0.00a 4.00 ± 0.00a 4.00 ± 0.00a

  Wing 4.00 ± 0.00a 4.00 ± 0.00a 4.00 ± 0.00a 4.00 ± 0.00a

  Tail 4.00 ± 0.00a 4.00 ± 0.00a 4.00 ± 0.00a 3.80 ± 0.13a

  Overall feather 20.00 ± 0.00A 20.00 ± 0.00A 20.00 ± 0.00A 19.80 ± 0.13A

Means followed by the same letter are not signi�cantly different (P > 0.05). Lowercase letters are for
columns and capital letters are for rows.

Discussion
Laying performances and mortality are important productive performances and have a substantial
economic implications for poultry industry. A wealth of evidence has reported their changes in different
cases (Zhao et al. 2019; Geng et al. 2020; Zhao et al. 2019; Han et al. 2017). However, few researchers
attempted to list systematically this information at different tiers. In the present work, we examined
mortality and laying performances at each cage tier. Gratifyingly, the results displayed that no dead bird
was found during the experiment. This results strongly hinted that the experimental birds were healthy,
which is an indispensable prerequisite for smooth implementation of the experiment. The highest laying
rate was recorded at 2nd tier, followed by 4th tier and 3rd tier, and the lowest at 1st tier. These results were
in con�ict with the �ndings of Sekeroglu et al. (2014). Conversely, our �ndings were mostly parallel to



Page 11/17

those of Yildiz et al. (2006), who found that cage tier had signi�cant effect on egg production. Admittedly,
light is a fundamentally important factor affecting age at �rst egg and laying rate of the �ock (Hassan et
al. 2013). Although light intensity was not measured in the present experiment, the fact is that the light
bulb is closest to the 2nd tier of battery cages, followed by the 3rd and 4th tiers, and the farthest 1st tier.
Moreover, the actual amount of light illuminating 1st tier might be blocked by manure belt of the upper
tiers. These are probably the reasons for difference in laying rate. Wherefore, it is necessary to optimize
the light �xtures and layout to minimize variations in light intensity among different tiers. No differences
in percentage of defective eggs were observed in the studied groups. Conceivably, this phenomenon
might partially attribute to consistency in shell breaking strength. Hatching experiments manifested that
there were no signi�cant differences among different tiers in terms of fertility, rate of water loss, male-to-
female ratio, hatchability of setting eggs, percentage of healthy chicks and average pullet hatching
weight, which suggests the possibility that cage tier did not affect hatching performances of laying hens.

Egg quality contains a number of characteristics, related to the yolk, the albumen and the shell, be divided
into internal and external egg quality (Roberts 2004; Duman et al. 2016). Egg quality is not only an
important indicator for nutritional value, but it is also important for consumer appeal, egg price,
hatchability performance, etc (Li et al. 2018; Duru et al. 2017; Blanco et al. 2014; Hrnčár et al. 2014;
Zaheer 2015; Adedeji et al. 2015). Although it is well documented, little information is available at
different tiers in the mating cage. Therefore, it is interesting to explore the effect of cage tier on egg
quality characteristics. Inexplicably, yolk color was signi�cantly lower at 2nd tier than at other tiers. It was
in contradiction with the previous �ndings of Karaman et al. (2013) and Yildiz et al. (2006), which
demonstrated that effect of cage tier on yolk color were found to be insigni�cant. Since yolk color is
mainly affect by exogenous pigment (Roberts 2010). Regrettably, the mount of pigment in the feed was
not measured in this study. Our study may not be able to completely explain the current differences and
need further exploration. No signi�cant differences in egg weight were recognized at different tiers. The
result agreed with Yildiz et al. (2006) and Sekeroglu et al. (2014) but contradicted the conclusions that
heavier eggs were produced at the bottom tier (Roy et al. 2014; Bish et al. 1985; Appleby and Michael
1984). Analogously, there were no statistically signi�cant differences in shell color, shell weight, and shell
breaking strength (Şekeroğlu et al. 2014). Similar to previous �ndings, the results showed no substantial
change in egg shape index in all groups (Yildiz et al. 2006). Furthermore, little variation was found in
Haugh unit. Given that Haugh unit commonly used as an indicator of egg freshness (Dong et al. 2018;
Sun et al. 2015; Chung and Lee, 2014). The results indicated that eggs laid at different tiers can be
collected together for the same freshness condition. There was no remarkable difference in albumen
height. This is predictable because Haugh unit is calculated based on albumen height and positively
correlated with it (Yildiz et al. 2006; Roberts 2004; Eisen et al. 1962). Additionally, there were no
signi�cant differences in yolk weight because of the similar egg weight, shell weight and albumen height
at different tiers. In brief, cage tier had a signi�cant effect on yolk color, but had no effect on other egg
quality characteristics.

Blood is a bodily �uid in animals that is composed of blood cells and plasma. Blood has important
functions in material transportation, temperature regulation, host immune and acid-base balance. Blood
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biochemical pro�ling is a useful tool in monitoring the health status, disease diagnosis and other
physiological functions. In our study, serum biochemical indicators were determined on each subject
individually. Results displayed that concentrations of serum CK showed no substantial differences
among different tiers. Acknowledgedly, CK is the key enzyme of ATP metabolism in animal cells and
plays a key role in energy metabolism (Li et al. 2020). Relatively stable of CK in the blood of hens
indicated their stable energy response to cage tier, which is very important to maintain life. Total
antioxidant capacity (TAC), a very common and important parameter concerning physical health,
considers the cumulative effect of all antioxidants present in blood and body �uids (Suresh et al. 2009).
Malondialdehyde (MDA) is a well-established marker of oxidative stress, and SOD and GPx are
considered as key antioxidant enzymes (Li et al. 2017; Cui et al. 2018; Kumar et al. 2007). Their
concentrations, to some extent, appears to re�ect the oxidative stress status. In this research, no striking
differences were found in levels of serum T-AOC, MDA, SOD and GPx among different tiers. Consequently,
we boldly speculate that the level of oxidative stress in the body were not affected by cage tier. This
deduction was largely in agreement with the �ndings of previous studies (Onbaşılar and Aksoy 2005).
Quite coincidentally, a similar phenomenon was observed for roosters, indicating that there were no
gender differences in oxidative stress caused by cage tier. Collectively, our overall results demonstrated
that change in cage tier causes negligible effects on the oxidative stress.

Avian in�uenza and newcastle disease are two of the most devastating diseases of poultry and impose a
severe economic burden on the poultry industry throughout the world. It is of fundamental importance to
monitor the antibody titers of the �ock. Serum antibody titer, the most common immune test that
measures the presence and amount of antibodies in blood, was carried out in the work. As expected, the
antibody titers of all samples did not change substantially among different tiers. These �ndings largely
agreed with the results of OnbaYVlar and Aksoy (2005). The results basically indicates that cage tier had
no signi�cant effect on antibody response. Further analysis found that each antibody titer in the blood of
birds was higher than 6, which reached the level of immune protection and played an important role in
protecting the body against infection.

Feather condition has been reported to be associated with laying hen performance and welfare (Labrash
and Scheideler 2005; Cook et al. 2006;Saraiva et al. 2016). Currently, the most widely used method for
assessment of feather condition is feather scoring. In the present work, the average feather score for each
individual part of the body and an overall average score for birds were not signi�cantly different among
different tiers. Our results were consistent with previous results (Onbaşılar and Aksoy 2005). On the one
hand, as birds selected in this study were relatively young, they grow vigorously and quickly renew their
feathers; on the other hand, cumulative pecking and trampling effects on feather may be too short to
cause a severe feather loss. These are probably the reasons why feather score for birds were quite high
and showed no substantial differences among different tiers. Interestingly, the feather score of the neck
was signi�cantly lower than that of other body parts, which makes distinct contacts with the cage door
while eating can explain the neck feather conditions. It is necessary to optimize the cage door structure of
natural mating system to minimize adverse impacts on the �ock.
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In conclusion, we investigated the effect of cage tier on laying performances,blood biochemical
indicators, feather condition and antibody titers of layer breeders among different tiers in mating cages
during the peak laying period. Although there were no signi�cant differences in terms of mortality,
hatchability performances, blood biochemical indicators, feather condition and antibody titers, we found
remarkable differences in laying rate and yolk color among different tiers. As laying rate is one of the
most important economic traits in the poultry industry, we con�dently conclude that cage tier may be a
contributing factor for layer performances. These �ndings will be helpful for application of natural
mating system in layer industry.
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