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Abstract
The present experiment was conducted to compare three housing systems Individual cages, Colony
cages and Deep litter on welfare, behaviour, and physiological traits in Rhode Island Red laying hens
under tropical conditions. A total of 120 birds (40 per treatment) were housed from 16 to 40 weeks of
age. Feather condition, foot lesions, keel bone deformities, and gait performance did not differ
significantly among housing systems (P > 0.05). Claw length was shorter in deep litter birds (57.4 ± 0.6
mm) than in individual cages (61.8 ± 1.0 mm; P < 0.05). Tonic immobility duration, a fear response
indicator, was lower in deep litter (64.6 ± 10.7 s) and colony cage birds (72.1 ± 10.2 s) compared with
individually caged birds (171.3 ± 24.1 s; P < 0.05).

At 40 weeks, deep litter birds showed higher triiodothyronine (T3) concentrations (148 vs. 124–127
ng/dL; P < 0.05) and a lower heterophil-to-lymphocyte (H/L) ratio (0.52 vs. 0.60–0.61; P < 0.05) compared
with caged birds. However, corticosterone concentrations were also higher in deep litter birds (2.54 vs.
1.94–2.19 ng/mL; P < 0.05).

Welfare indicators did not respond uniformly across housing systems. Deep litter housing was
associated with shorter claw length, reduced fear responses, and lower H/L ratios, but also with elevated
corticosterone-highlighting the multidimensional nature of welfare assessment.

Most biochemical and physical welfare indicators remained unaffected under the management
conditions of this study. Our results suggest that housing systems are associated with differences in
specific welfare indicators. Further studies employing multiple independent replicates of each housing
system, larger sample sizes, and longer production cycles are required to confirm these findings and
support robust recommendations for poultry welfare management in tropical production systems.

INTRODUCTION
Poultry welfare is receiving increasing global attention as an important component of sustainable
livestock production, influencing animal health, productivity, product quality, and consumer acceptance.
In India, where the poultry sector plays a significant role in food security, nutritional supply, and rural
livelihoods, there is growing interest in production systems that balance economic efficiency with animal
welfare. Housing environment is one of the major factors affecting poultry welfare because it directly
influences behavioural expression, physiological status, health, and adaptation to environmental
challenges (Umber Rauf et al., 2024). Among the various production systems, individual cages, colony
cages, and deep litter systems differ considerably in the degree of space allowance, environmental
complexity, and opportunities for natural behaviours. Cage systems are widely adopted because of their
advantages in management, feed efficiency, and space utilization. However, restricted movement and
limited behavioural opportunities may adversely affect welfare by increasing stress, impairing skeletal
development, and reducing the expression of natural behaviours (Sonkamble, 2020). Conversely, deep
litter systems provide greater opportunities for walking, scratching, dust bathing, and social interaction,
which may support behavioural well-being and musculoskeletal health. Nevertheless, the welfare
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benefits of deep litter housing can be influenced by management practices, stocking density, litter
quality, and environmental hygiene, potentially increasing risks associated with pathogen exposure and
social competition (Fiorilla et al., 2024). Existing comparative research suggests that cage systems may
result in better feed conversion and egg quality, but often at the cost of reduced body condition and
feather quality-hallmarks of suboptimal welfare (Pires et al., 2021) and reduced egg quality (Baylan et al.,
2024) (Susilo et al., 2024). Conversely, non-cage systems have been linked with improved bone quality,
reduced keel bone damage, and greater behavioural expression, although their effects on health and
productivity have not been consistent across studies (Kraus et al., 2021) (Kraus et al., 2022). These
inconsistencies suggest that housing-related welfare outcomes are influenced not only by the
production system itself but also by local environmental and management conditions. Assessment of
poultry welfare requires the integration of behavioural, physical, and physiological indicators.
Physiological variables such as corticosterone, glucose, total protein, alanine aminotransferase (ALT),
and heterophil-to-lymphocyte (H/L) ratio provide valuable information on stress response, metabolic
status, and immune function. Environmental conditions, including stocking density and microclimate,
can substantially affect these indicator (Eid et al., 2025). Heat stress, a common challenge in tropical
and subtropical regions, has been shown to alter leukocyte profiles and H/L ratios, reflecting changes in
immune competence and physiological adaptation (Mashaly et al., 2004);(Erek and Matur, 2024) ; (Sabo
et al., 2025). Behavioural indicators offer additional insight into welfare status. Tonic immobility (TI), a
widely accepted measure of fearfulness in poultry, generally decreases in birds maintained in enriched or
cage-free environments compared with conventional cages (Rentsch et al., 2023; Campbell et al., 2022).
However, some studies have reported no significant differences among housing systems, indicating that
breed, management, and environmental conditions may influence behavioural responses (Yilmaz Dikmen
et al., 2016) found no significant differences in TI responses across housing systems, suggesting that
outcomes may vary depending on management practices and environmental factors. Similarly, feather
condition is considered an important welfare indicator because it reflects health status, social
interactions, and environmental suitability. Improved plumage quality has frequently been reported in
free-range and deep litter systems (Sherwin et al., 2010), (Blatchford et al., 2016), (Pichová et al., 2017),
(Hüttner et al., 2023). In contrast, (Yilmaz Dikmen et al., 2016) found slightly increased neck feather loss
in conventional cages relative to furnished cages, although the overall feather score did not differ
significantly. Despite growing international research on poultry welfare, information comparing
behavioural, physical, and physiological welfare indicators under different housing systems remains
limited under Indian production conditions, particularly in eastern India where climatic variability,
management practices, and resource availability may influence bird responses. Furthermore, welfare
assessments in RIR hens, an important breed for backyard and alternative production systems, are
relatively scarce. Therefore, the present study was undertaken to compare the effects of individual cage,
colony cage, and deep litter housing systems on selected physical, behavioural, and physiological
welfare indicators in Rhode Island Red laying hens reared under tropical eastern Indian conditions.

MATERIALS AND METHODS
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Experimental Birds, Housing and Management

The experiment was conducted at the Poultry Research and Training Centre (PR&TC), Bihar Animal
Sciences University (BASU), Patna, India, from November 2023 to May 2024. A total of 120 Rhode Island
Red (RIR) pullets with an average body weight of 1.01 ± 0.04 kg at 16 weeks of age were randomly
assigned to one of three housing systems: individual cages (IC), colony cages (CC), and deep litter
system (DLS), with 40 birds allocated to each treatment. Birds were maintained in their respective
housing systems until 40 weeks of age. The individual cage system consisted of cages measuring 60
cm × 32 cm × 53 cm (length × width × height), housing one bird per cage. Cage floors were constructed
from welded wire mesh (3.5 cm × 1.0 cm) and slightly sloped to facilitate egg collection. Each cage was
equipped with a linear feeder and a water trough, providing unrestricted access to feed and water. The
colony cage system comprised cages measuring 191 cm × 60 cm × 53 cm (length × width × height),
accommodating five birds per cage. Colony cages were arranged in a three-tier configuration and
provided environmental enrichments including perches, nest boxes, scratching pads, and designated
dust-bathing areas. Feed and water delivery systems were similar to those used in the individual cages.
Cage design, flooring material, feeder type, and general management practices were kept consistent
between the two cage systems to minimize housing-related confounding factors. Manure was removed
twice weekly to maintain hygiene and environmental quality. The deep litter system consisted of a floor
pen (10 ft × 10 ft) bedded with a 10-12 cm layer of clean, dry wood shavings. Prior to use, the litter was
treated with slaked lime to reduce microbial contamination. Litter was regularly stirred and replenished
when required to maintain suitable moisture levels and hygienic conditions. Birds housed in the deep
litter system were provided with the same enrichments available in colony cages, including perches, nest
boxes, scratching pads, and dust-bathing facilities. Feed was supplied through trough feeders and water
through plastic drinkers, which were cleaned daily. All birds were managed under uniform husbandry
conditions throughout the study. The average temperature (22-35�C), relative humidity (55 to 75%) and
photoperiod (16-18 hours of light per day) are respectively for the study period. A standard layer diet
formulated to meet the nutrient requirements of growing and laying Rhode Island Red hens was offered
ad libitum, and fresh drinking water was continuously available. Routine health care and management
practices were followed across all treatment groups. Environmental conditions within the poultry house
were monitored regularly and maintained within acceptable management limits to minimize the
influence of non-treatment-related stressors.

The effects of housing system on bird welfare were evaluated using a combination of physical,
behavioural, and physiological indicators. Physical assessments included feather condition, foot lesion
score, keel bone deformity, gait performance, and claw length. Behavioural welfare was assessed using
tonic immobility response, while physiological evaluation included selected serum biochemical
parameters, thyroid hormones, heterophil-to-lymphocyte ratio, and corticosterone concentration
(Bhadauria et al., 2019).The research proposal was approved by IAEC with reference number-
IAEC/BVC/2024/31.

Clinical welfare indicators
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The assessment area was spacious, well-lit, and free from obstacles. Birds were gently caught handled
carefully and calmed before being placed on the ground to walk freely. The assessment focused on
balance, coordination, posture, and speed as the birds moved around the area

Feather condition:  Ten birds from each housing system were randomly selected at 20, 28, 32, 36, and 40
weeks of age to assess feather condition at seven body areas (head, neck, back, wings, tail, abdomen,
and breast) using a five-point scoring system (Abrahamsson et al., 1996) and evaluated based on the
scoring system: 1 for full feather cover, 2 for worn feathers, 3 for small bare patches (<30 mm), 4 for
large bare patches (>30 mm), and 5 for no feathers in most areas.

Foot Lesion: Ten birds from each housing system were randomly selected for foot lesion assessment
using the scoring system from (Nicol et al., 2006). The assessment area was clean, dry, and suitable for
handling. 

Keel Bone Deformity: Ten birds from each housing system were randomly selected for keel bone
deformity assessment using the  (Wilkins et al., 2011) scoring system. 

 Gait Performance: At 20 weeks of age, ten birds from each housing system were randomly selected for
gait performance testing, evaluated on a scale from 0 to 5 based on (Kestin et al., 1992). 

Claw Length: To measure claw length (in mm), ten birds from each housing system were randomly
selected. The assessment area was clean, well-lit, and suitable for handling. Using a ruler, the middle toe
of each bird's right foot was measured from the base to the tip. Birds were gently restrained to ensure
accurate and consistent measurements without causing stress or discomfort.

Tonic Immobility: Tonic immobility (TI) was induced following the method of (Jones and Faure, 1981)in a
quiet, controlled space. At 20 weeks, ten birds from each housing system were randomly selected. If a
bird righted itself in under 10 seconds, the induction was considered a failure. After three failed
attempts, the bird was scored 0 seconds. If no righting response occurred within 10 minutes, a
maximum score of 600 seconds was given (Campo et al., 2008). To induce TI, each bird was gently
caught, restrained on its back, and stroked on the chest or abdomen. The duration of TI was recorded
with a stopwatch once the bird exhibited signs of immobility, such as remaining motionless with closed
eyes. Afterward, the bird was released to recover in a comfortable environment.

Plasma hormone profiles and biochemical markers:

 Blood samples were collected from ten birds (randomly selected) in each group at 16 and 40 weeks of
age. Two mL of blood were drawn from the wing vein, allowed to clot at room temperature for 30
minutes, and then centrifuged at 3000 RPM for 10 minutes. The serum was separated and analysed for
corticosterone, T3, T4, ALT, AST, glucose, protein profile and lipid profile using commercial kits. Serum
corticosterone, T3, T4 were analysed using ELISA kits (Bioassay Technology Laboratory, BT LAB, China).
ALT, AST, glucose, protein and lipid profiles were measured using an automatic biochemical analyzer
(Erba Mannheim Chemist 5X) with ERBA commercial diagnostic kits. 

Page 5/24



Note-For each assessment time point, ten birds per housing system were randomly selected from the 40
birds in each group. The same birds were not necessarily used across time points. Further, Since welfare
indicators were assessed at multiple ages, each time point was analysed separately to compare housing
systems within a given age. A repeated-measures approach was not used because different birds were
sampled at each age.

Statistical Analysis

The study was conducted using a completely randomized design (CRD) involving three housing systems:
individual cage (IC), colony cage (CC), and deep litter system (DLS). A total of 120 Rhode Island Red
hens were randomly allocated to the three treatments, with 40 birds assigned to each housing system.
Welfare assessments were conducted at predefined intervals between 16 and 40 weeks of age to
evaluate the effects of housing environment on physical, behavioural, and physiological welfare
indicators. Descriptive statistics were calculated for all measured variables and are presented as mean ±
standard error of the mean (SEM). Prior to analysis, data were examined for normality using the
Shapiro–Wilk test and for homogeneity of variance using Levene’s test. For continuous variables that
satisfied assumptions of normality and homogeneity of variance, including claw length and serum
biochemical parameters, differences among housing systems were analysed using one-way analysis of
variance (ANOVA). When a significant treatment effect was detected, means were separated using
Tukey’s honestly significant difference (HSD) test. Variables measured repeatedly across different ages
were analysed separately at each sampling point to evaluate housing system effects within a given age.
For ordinal or non-normally distributed data, including feather condition score, foot lesion score, keel
bone deformity score, gait score, and tonic immobility responses, the non-parametric Kruskal-Wallis H
test was employed. When significant differences were detected, pairwise comparisons were performed
using Dunn’s procedure with appropriate adjustment for multiple comparisons. Statistical analyses were
performed using SPSS Statistics Version 20.0 (IBM Corp., Armonk, NY, USA). Graphs and figures were
prepared using Microsoft Excel. Differences were considered statistically significant at P < 0.05, while
values between P ≥ 0.05 and P < 0.10 were interpreted as indicating a statistical tendency.

RESULT AND DISCUSSION
Since feather condition, foot lesion score, keel bone deformity score, and gait score were ordinal
variables, data were analysed using the Kruskal-Wallis test and are presented as mean rank-derived
scores (mean ± SEM)

Feather condition scores of birds at different ages during experimental period:

Feather condition scores of RIR hens under different housing systems are presented in Table 1. Up to 28
weeks of age, all birds maintained excellent plumage condition with a uniform score of 1, indicating the
absence of feather damage across treatments. From 32 weeks onward, a gradual increase in feather
scores was observed in all groups, suggesting some deterioration in plumage condition with advancing
age. However, housing system did not significantly influence feather condition at any observation period.
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Feather scores were comparable among individual cages, colony cages, and deep litter systems at 32
weeks (P = 0.420), 36 weeks (P = 0.640), and 40 weeks of age (P = 0.882). Although birds maintained on
deep litter tended to exhibit numerically lower feather scores at later ages, these differences were not
statistically significant. Overall, the results indicate that feather condition remained largely unaffected by
housing system under the management conditions of the present study.

 Table 1. Feather condition scores of birds at different ages across housing systems

Age (weeks) Individual Cage Colony Cage Deep Litter H (df=2) P value

32 1.0 (1.0-2.0) 1.0 (1.0-2.0) 1.0 (1.0-2.0) 0.81 0.420

36 2.0 (1.0-2.0) 2.0 (1.0-3.0) 1.5 (1.0-2.0) 0.89 0.640

40 2.0 (1.0-3.0) 2.0 (1.0-3.0) 1.5 (1.0-2.0) 0.25 0.880

Feather condition scores: 1 = full feather cover; 2 = worn feathers; 3 = small bare patches (<30 mm); 4 =
large bare patches (>30 mm); and 5 = no feathers in most body areas. Data are presented as median
(Q1-Q3). From 16 to 28 weeks of age, all birds across housing systems had a feather score of 1 and
were therefore excluded from statistical analysis due to lack of variation. Differences among housing
systems at each age were evaluated using the Kruskal-Wallis test. No significant differences were
detected at any age (P > 0.05).

Foot lesion scores of birds at different ages:

Foot lesion scores across housing systems are summarized in Table 2. At 16, 20, and 24 weeks of age,
all birds recorded the minimum lesion score (score 1), indicating the absence of detectable foot lesions
and preventing meaningful statistical comparison among treatments.

From 28 weeks onward, lesion scores increased slightly with age across all housing systems.
Nevertheless, no significant differences were observed among individual cages, colony cages, and deep
litter housing at 28 weeks, 32 weeks, 36 weeks, or 40 weeks of age. At 40 weeks, birds housed in
individual cages showed numerically higher lesion scores (2.4 ± 0.37) compared with colony cages (1.9
± 0.28) and deep litter housing (1.5 ± 0.22); however, the variation remained statistically non-significant.

These findings suggest that foot lesion severity increased moderately with age but was not significantly
influenced by housing system during the experimental period.

Table 2: Foot Lesion Score, across Housing Systems at Different Ages
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Age (weeks) Individual Cage Colony Cage Deep Litter H (df = 2) P-value

28 1.0 (1.0–1.0) 1.0 (1.0–1.0) 1.0 (1.0–1.0) 2.00 0.368

32 1.0 (1.0–2.0) 1.0 (1.0–2.0) 1.0 (1.0–1.0) 0.52 0.771

36 1.5 (1.0–2.0) 1.0 (1.0–2.0) 1.0 (1.0–1.5) 2.41 0.300

40 2.0 (1.0–3.0) 1.5 (1.0–2.5) 1.0 (1.0–2.0) 3.61 0.164

Foot lesion scores ranged from 1 (no lesions) to 5 (severe lesions). Data are presented as median (Q1-
Q3). Birds from all housing systems exhibited a score of 1 between 16 and 24 weeks of age; therefore,
these ages were not subjected to statistical comparison due to absence of variability. Differences
among housing systems at each age were assessed using the Kruskal-Wallis test. No significant
differences were detected (P > 0.05).

Keel bone deformities:

Keel bone deformity scores are presented in Table 3. Minimal deformities were observed at 32 and 36
weeks of age, with mean scores remaining close to the normal condition across all housing systems. No
significant differences were detected among treatments at 32 weeks or 36 weeks. At 40 weeks,
deformity scores increased across all groups, with the highest numerical value recorded in birds housed
in individual cages (2.1 ± 0.37), followed by colony cages (1.6 ± 0.28) and deep litter housing (1.2 ±
0.22). Despite this numerical pattern, differences among housing systems did not reach statistical
significance. Overall, the results indicate that keel bone deformities tended to increase with advancing
age, whereas the influence of housing system was not statistically evident within the experimental
population evaluated. 

Table 3. Keel bone deformity scores of birds under different housing systems at various ages

Age (weeks) Individual Cage Colony Cage Deep Litter H (df = 2) P-value

32 1.0 (1.0–1.0) 1.0 (1.0–1.0) 1.0 (1.0–1.0) 2.00 0.446

36 1.0 (1.0–2.0) 1.0 (1.0–2.0) 1.0 (1.0–1.0) 1.22 0.370

40 2.0 (1.0–3.0) 1.5 (1.0–2.0) 1.0 (1.0–2.0) 4.46 0.115

Keel bone deformity scores were assessed on an ordinal scale, with higher scores indicating greater
deformity severity. Data are presented as median (Q1-Q3). Differences among housing systems at each
age were analyzed using the Kruskal-Wallis test. No significant differences were observed at any age (P
> 0.05).

Gait Performance across Housing Systems
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The distribution of gait scores across housing systems and ages is presented in Table 4. All birds
exhibited normal locomotion (gait score 0) between 16 and 28 weeks of age, indicating the absence of
observable walking impairment during the early production period. From 32 weeks onward, mild gait
abnormalities began to appear in some birds. At 32 weeks, 20% of birds housed in individual cages and
10% of birds housed in colony cages exhibited a gait score of 1, whereas all birds maintained under the
deep litter system retained normal gait. The prevalence of mild gait impairment increased further at 36
and 40 weeks across all housing systems. By 40 weeks of age, a greater proportion of birds housed in
individual cages exhibited impaired gait scores compared with birds maintained in colony cages and
deep litter housing. Deep litter birds generally showed a higher proportion of normal gait scores and
fewer birds with moderate impairment. However, because no formal statistical comparison was
performed for gait score distributions, these observations should be interpreted as descriptive trends
rather than evidence of significant housing effects. No birds in any treatment group exhibited severe gait
impairment (scores 4 or 5) during the study period.

Table 4. Gait performance across housing systems at different bird ages

Age (weeks) Individual Cage Colony Cage Deep Litter H (df = 2) P-value

32 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.0 (0.0–0.0) 2.15 0.341

36 0.0 (0.0–1.0) 0.0 (0.0–1.0) 0.0 (0.0–0.0) 1.06 0.589

40 0.5 (0.0–2.0) 0.0 (0.0–1.0) 0.0 (0.0–1.0) 2.01 0.364

Gait scores ranged from 0 (normal gait) to 5 (severe locomotor impairment). Data are presented as
median (Q1-Q3). All birds exhibited a gait score of 0 between 16 and 28 weeks of age; therefore, these
ages were excluded from statistical analysis because no variation existed among observations.
Differences among housing systems at each age were evaluated using the Kruskal-Wallis test. No
significant differences were detected (P > 0.05).

Claw length:

Claw length differed significantly among housing systems (P < 0.05; Table 5). Birds maintained in the
deep litter system exhibited the shortest claws (57.4 ± 0.6 mm), whereas birds housed in individual
cages had the greatest claw length (61.8 ± 1.03 mm). Claw length in colony cages (60.1 ± 0.6 mm) was
intermediate and did not differ significantly from either deep litter or individual cage systems.

Table 5: Claw length of birds under different housing systems
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Housing System Claw Length (mm)

Deep Litter 57.4a±0.6

Colony Cage 60.1ab±0.6

Individual Cage 61.8b±1.03

Means with different superscripts in a column differ significantly (P<0.05).

Tonic immobility:

The duration of tonic immobility differed significantly among housing systems (P < 0.05; Table 6). Birds
reared under the deep litter system exhibited the shortest tonic immobility duration (64.6 ± 10.69 s),
followed by colony cage birds (72.1 ± 10.18 s). The longest duration was recorded in birds housed in
individual cages (171.3 ± 24.13 s). No significant difference was observed between the deep litter and
colony cage groups.

Table 6: Average duration (s) of tonic immobility displayed by birds in different housing system

Housing System Tonic Immobility (Sec)

Deep Litter 64.6a±10.69

Colony Cage 72.1a±10.18

Individual Cage 171.3b±24.13

Means with different superscripts in a column differ significantly (P<0.05).

Blood biochemical and hormonal profile:

The effects of housing system on biochemical, hematological, and hormonal variables at 16 and 40
weeks of age are presented in Table 7. Most measured parameters, including serum glucose, total
protein, albumin, globulin, uric acid, aspartate aminotransferase (AST), alanine aminotransferase (ALT),
total cholesterol, high-density lipoprotein (HDL), low-density lipoprotein (LDL), and thyroxine (T4), did not
differ significantly among housing systems at either sampling age (P > 0.05). Serum glucose
concentrations ranged from 229 to 240 mg/dL at 16 weeks and from 237 to 255 mg/dL at 40 weeks,
while total protein concentrations remained within a relatively narrow range across treatments. Similarly,
liver function indicators (AST, ALT, and uric acid), lipid profile components, and serum protein fractions
showed no significant housing-related differences throughout the study. Among the hormonal variables,
triiodothyronine (T3) concentrations differed significantly among housing systems at 40 weeks of age (P
< 0.05). Birds maintained under the deep litter system recorded higher T3 concentrations (148 ng/dL)
than birds housed in individual cages (127 ng/dL) and colony cages (124 ng/dL). However, no significant
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differences in T3 were observed at 16 weeks, and T4 concentrations remained comparable among
treatments at both ages.

Leukocyte differential counts were largely unaffected by housing system. Heterophil and lymphocyte
percentages did not differ significantly among treatments at either age. However, the heterophil-to-
lymphocyte (H/L) ratio was significantly influenced by housing system at both sampling periods (P <
0.05). At 16 weeks, birds housed in colony cages exhibited a lower H/L ratio (0.52) than birds maintained
in individual cages (0.58) and deep litter housing (0.57). At 40 weeks, the lowest H/L ratio was observed
in birds maintained under the deep litter system (0.52), whereas higher values were recorded in colony
cages (0.61) and individual cages (0.60).

Serum corticosterone concentrations were similar among treatments at 16 weeks but differed
significantly at 40 weeks of age (P < 0.05). Birds housed in the deep litter system exhibited the highest
corticosterone concentration (2.54 ng/mL), followed by colony cages (2.19 ng/mL) and individual cages
(1.94 ng/mL). Overall, housing system had limited effects on most biochemical variables measured in
the present study. Significant differences were primarily observed for T3 concentration, H/L ratio, and
corticosterone concentration at 40 weeks of age.

Table 7: Effect of housing systems on blood biochemical and hormonal profile in bird
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Parameters Time  Individual Cage Colony Cage Deep Litter SEM

Glucose 
(mg/dL)

16th Week 240 236 229 4.55

40th Week 237 242 255 7.29

Total Protein
(g/dL)

16th Week 3.58 3.49 3.36 0.13

40th Week 3.55 3.52 3.46 0.28

T-3 (ng/dL) 16th Week 125 119 123 7.8

40th Week 127a 124a 148b 6.3

T-4(ng/mL) 16th Week 1.48 1.45 1.47 0.11

40th Week 1.52 1.46 1.51 0.19

Uric Acid
(mg/dL)

16th Week 4.74 4.62 4.73 0.76

40th Week 4.87 4.77 4.51 0.92

AST(U/L) 16th Week 146 153 149 6.11

40th Week 140 156 144 5.82

ALT(U/L) 16th Week 30 29 33 1.12

40th Week 28 32 29 1.03

LDL (mg/dL) 16th Week 25 28 24 0.83

40th Week 22 23 27 0.54

HDL (mg/dL) 16th Week 81 85 88 1.46

40th Week 78 81 82 2.01

Cholesterol (mg/dL) 16th Week 82 78 81 2.06

40th Week 87 83 74 2.33

Albumin
(g/dL)

16th Week 2.00 2.14 2.04 0.07

40th Week 2.11 2.03 2.12 0.03

Globulin (g/dL) 16 wk 1.58 1.35 1.32 0.8

40 wk 1.44 1.49 1.34 0.5
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Heterophil% 16th Week 31.79 27.81 26.7 1.99

40th Week 30.75 31.32 30.16 1.63

Lymphocyte% 16th Week 48.41 52.72 44.85 2.22

40th Week 51.11 50.97 54.28 2.01

H/L ratio 16th Week 0.58a 0.52b 0.57a 0.05

40th Week 0.60a 0.61a 0.52b 0.03

Corticosterone
(ng/ml)

16th Week 1.804 1.812 1.99 0.04

40th Week 1.94a 2.187ab 2.54b 0.05

Means with different superscripts in a column differ significantly (P<0.05). a,b significant across the
different housing system.T-3-Triidothyronine; T-4-thyroxine,AST-aspartate aminotransferase; ALT-alanine
aminotransferase; LDL-low density lipoprotein; HDL-high density lipoprotein.

Discussion:

Feather condition

Feather condition is widely regarded as an important indicator of poultry welfare, reflecting the
combined effects of health status, behavioural interactions, environmental quality, and management
practices (Gunnarsson, 1999); (Lambton et al., 2013). In the present study, feather scores did not differ
significantly among housing systems, although hens reared in the deep litter system showed numerically
better plumage condition at later ages. A gradual decline in feather quality was observed across all
treatments with advancing age, suggesting that age-related feather wear may have contributed more to
plumage deterioration than housing environment. Similar observations have been reported in previous
studies where feather quality declined progressively during the laying cycle irrespective of housing
type (Tauson et al., 1999; Tauson, 2005) which highlighted the welfare advantages of more enriched
housing environments. Conversely, feather damage has often been associated with housing
environments that restrict behavioural activities or increase contact with cage components (Tactacan et
al., 2009) and (Bist et al., 2023), indicating that restricted housing systems may suggesting that
confinement and environmental restrictions inherent to these systems may contribute to feather wear
and damage. Similarly, (Pichová et al., 2017) observed greater feather deterioration in cage systems than
in deep litter housing, while (Vasdal et al., 2023) reported increased plumage damage under certain
intensive housing conditions. However, the absence of significant differences in the present study
suggests that appropriate nutrition, environmental enrichment, and management practices may mitigate
housing-related effects on feather condition. In contrast, free-range systems afford birds greater
mobility, which facilitates physical exercise, enhances blood circulation and metabolic activity, and may
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thereby promote feather growth and regeneration (Hartcher and Jones, 2017). Collectively, these
findings underscore the integral role of housing systems in shaping feather condition and, by extension,
the overall welfare status of laying hens.

Foot lesion scores

The majority of hens across all housing systems recorded a foot condition score of 1, indicative of
excellent foot health and reflecting the effectiveness of management practices in place. Nevertheless, a
decline in foot health over time was observed among birds housed in Individual and Colony Cages,
pointing to possible welfare compromises associated with these systems. In contrast, hens maintained
under the Deep Litter system demonstrated consistently optimal foot conditions, corroborating findings
by (Abrahamsson and Tauson, 1995) and (Weitzenbürger et al., 2006), though differing from earlier
observations reported by (Wang et al., 1998). The frequency of foot lesions was markedly lower in Deep
Litter systems, suggesting that substrate type and environmental enrichment play critical roles in foot
health. Soft, natural bedding materials in deep litter environments likely mitigate mechanical stress on
the plantar surface of the feet, thereby reducing the incidence of pressure-related lesions. These results
reinforce the significance of appropriate flooring materials and housing conditions in minimizing foot
injuries and enhancing animal welfare. Moreover, (Honig et al., 2024) and (Topal and Petek, 2021) noted
that despite the thermal efficiency and growth advantages associated with caged systems, the
restriction of natural movement often led to a higher prevalence of leg injuries. These observations
collectively advocate for the prioritization of mobility and natural behaviors in housing design to promote
skeletal integrity and welfare in laying hens.

Keel bone deformities

Keel bone integrity varied considerably across housing systems. While the Colony Cage system yielded
better outcomes than the Individual Cage system, a progressive decline in keel bone health was still
observed. Although offering slightly more space, the Colony Cage did not suffice to prevent structural
deformities over time. In contrast, the Deep Litter system consistently resulted in the most favorable keel
bone health profiles, with minimal deviations recorded. These outcomes are consistent with findings
by (Eusemann et al., 2018) (Rufener and Makagon, 2020); (DePaoli et al., 2024) who reported higher
incidences of keel bone fractures in birds housed within caged systems compared to those reared in
free-range environments. Enhanced physical activity and load-bearing movement associated with more
open systems are believed to improve bone strength and structural resilience. However, (Pullin et al.,
2024) found no substantial long-term effect of pullet rearing systems on subsequent keel bone fracture
rates or on the use of aviary structures, apart from minor early variations in perch utilization. These
nuances highlight the importance of evaluating both rearing and adult housing systems in a
comprehensive manner (Toscano et al., 2020). When comparing Individual, Colony, and Deep Litter
systems, it is apparent that the latter facilitates the expression of a wide range of natural behaviors-such
as walking, scratching, dust bathing, and wing flapping-through the provision of unobstructed floor
space. Such behaviors are vital for maintaining musculoskeletal health and minimizing trauma-related
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keel bone injuries. Furthermore, deep litter systems inherently reduce the risk of collision injuries, as
vertical transitions are minimal and stress-induced behaviors are less prevalent. Thus, the data strongly
support the conclusion that enriched, non-cage systems are more conducive to skeletal health and
overall welfare in laying hens. Moreover (Saraiva et al., 2019) reported increased prevalence of keel bone
fracture in laying birds in caged system as compared to free range and barn system of rearing
strengthening the claims of present finding.

Gait performance test:

These observations align with (Knowles et al., 2008), who identified gait abnormalities as a prominent
welfare issue across various poultry housing systems, with variation in severity and frequency.
Consistent with previous studies (Kestin et al., 2001), and (Knowles et al., 2008) restricted space and
limited opportunities for physical activity were associated with compromised leg health and impaired
mobility. Among the housing systems evaluated, birds in the Deep Litter system exhibited the best gait
performance, followed by those in Colony Cages, while birds in Individual Cages showed the most
significant decline, particularly in the later stages of the study. These results are aligned with the
observations of (Vits et al., 2005), who suggested that excessive perch use in enriched cages may
contribute to leg deformities. On contrary, (Ibrahim et al., 2023) reported no significant differences in gait
performance among turkeys reared in different housing systems. Nevertheless, the present study
underscores the importance of an enriched environment-such as that provided by the Deep Litter
system-in promoting natural movement, reducing stress, and maintaining leg health. In contrast, the
confinement and lack of stimulation in Individual Cages likely contributed to rapid and more severe gait
deterioration, reinforcing the critical influence of housing design on poultry welfare.

Claw length:

The regulation of claw length is a key indicator of animal welfare, as excessively long claws can result in
discomfort, injury, and impaired mobility. The results of this study aligns with those of (Vits et al., 2005)
highlighting the importance of housing environments that encourage natural behaviors to mitigate claw
overgrowth. Birds in the Deep Litter and Colony Cage systems, both of which offer more enriched
settings, exhibited shorter claw lengths, indicative of better welfare conditions compared to those in
Individual Cages. Housing characteristics such as space availability, flooring type, and access to perches
play a pivotal role in facilitating natural behaviors like scratching and foraging, which help regulate claw
length. The longer claws observed in birds from Individual Cages likely result from behavioral restriction
and a lack of environmental stimuli, raising concerns about the potential for claw entanglement, injury,
and subsequent mobility issues. These findings stress the importance of regular claw monitoring and
the inclusion of enrichment strategies-such as perch provision and textured flooring—to maintain
optimal claw health, particularly in restrictive housing systems.

Tonic immobility:
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Tonic immobility (TI) is a widely used behavioural indicator of fearfulness and stress in poultry, with
longer durations generally reflecting a greater fear response. In the present study, birds housed in
individual cages exhibited significantly longer TI durations than those maintained in colony cages and
deep litter systems, indicating a higher level of fear-related behaviours under more restrictive housing
conditions. Birds reared in the deep litter system showed the shortest TI duration, while colony cages
produced intermediate responses. These findings are consistent with earlier reports linking enriched
environments and greater behavioural opportunities with reduced fear responses in laying hens (XI
European Symposium on Poultry Welfare (ESPW 2023) et al., 2023),(Hartcher et al., 2016; Hartcher and
Jones, 2017) . However, some inconsistencies remain in the literature. (Baxter et al., 2019) and (Adler et
al., 2020) found that enrichment strategies like perch provision could effectively reduce fear responses,
regardless of range access. Recent research by (Fiorilla et al., 2024) further observed no significant
difference in TI duration between free-range and cage systems, though TI duration increased with age in
caged birds, suggesting cumulative stress effects over time. Collectively, these findings underscore the
importance of housing systems that facilitate natural behaviors and minimize stress-induced fear
responses. 

Blood biochemical profile and cortisone level

Most serum biochemical parameters, including glucose, total protein, albumin, globulin, AST, ALT, LDL,
HDL, and total cholesterol, were not significantly affected by housing system. These findings indicate
that the different housing environments evaluated in this study did not substantially alter general
metabolic status or liver function. Our findings on blood biochemical parameters are consistent with
previous studies. (Abdel-Latif et al., 2020) observed that chickens reared in either cage or floor systems
showed no significant differences in blood characteristics such as total protein, globulin, albumin, AST,
ALT, and total glucose levels. Similarly, (Abo Ghanima et al., 2020)reported that broiler chickens raised in
cages, litter, or plastic slate systems exhibited no significant variations in AST and ALT. Furthermore, (Eid
et al., 2025)found that broilers reared in cage or floor systems did not show significant differences in
serum total protein, globulin, albumin, and glucose levels.

Lipoproteins and Cholesterol:

Low-density lipoprotein (LDL) and high-density lipoprotein (HDL) levels were stable across housing
systems at both time points, with only slight, non-significant variations. Cholesterol levels showed a
minor decline in birds housed on Deep Litter by the 40th week (74 mg/dL) compared to the cage
systems. This reduction could suggest improved lipid metabolism in birds with greater freedom of
movement, although further investigation is needed to confirm this observation. Conversly,  (Elsayed et
al., 2024) observed lower cholesterol and lipid profile in the birds owing to more movements in the free
range system of poultry rearing as compared to caged birds. Further, (Özbey and Esen, 2007)observed a
notable decrease in serum total cholesterol levels in rock partridges reared on the ground compared to
those housed in cages. 

Thyroid Hormones (T3 and T4):
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Housing system influenced serum T3 concentration, whereas T4 remained unaffected. Birds maintained
under the deep litter system exhibited significantly higher T3 levels at 40 weeks compared with those
housed in individual and colony cages. As T3 is the biologically active thyroid hormone involved in
regulating metabolic activity, this response may reflect differences in physical activity, environmental
interaction, and behavioural expression among housing systems. The greater opportunity for movement
and exploration in the deep litter environment may have contributed to the elevated T3 concentrations
observed in these birds. revious studies have reported variable effects of housing and environmental
stress on thyroid hormone dynamics. For example (Abdel-Hamid and Dawod, 2020) observed higher free
T4 concentrations in ducks reared under cage systems than in litter-based systems, suggesting that
housing-related stress can influence thyroid function. In contrast (Abo El-Maaty et al., 2023) reported
reductions in both T3 and T4 concentrations in birds exposed to stress. The inconsistency among
studies indicates that thyroid responses are influenced by multiple factors, including species, age,
management conditions, and the nature of the stressor. Therefore, while the higher T3 concentration
observed in deep litter birds may indicate altered metabolic activity, its biological significance should be
interpreted cautiously.

Heterophil/Lymphocyte Ratio:

The heterophil-to-lymphocyte (H/L) ratio is widely used as an indicator of chronic stress and
physiological adaptation in poultry. In the present study, birds housed in the deep litter system exhibited
the lowest H/L ratio at 40 weeks of age, whereas slightly higher values were observed in colony and
individual cage systems. Although the magnitude of the difference was relatively small, the findings
suggest a more favorable stress response in birds maintained under the deep litter environment during
the later stage of production. These observations are consistent with earlier reports showing elevated
H/L ratios in housing systems that restrict behavioural expression (Wall et al., 2004).In the same line
 (Erek and Matur, 2025) found that hens in furnished cages and deep-litter systems exhibited
significantly lower H/L ratios than those in conventional cages and free-range systems. These findings
align with (Barnett et al., 2009) and (Tainika et al., 2024) observed greater stress markers in caged
housing system as compared to floor-reared birds. These observations are consistent with earlier
reports showing elevated H/L ratios in housing systems that restrict behavioural expression.

Corticosterone Levels:

Corticosterone is a key endocrine marker associated with activation of the hypothalamic-pituitary-
adrenal (HPA) axis and is commonly used to assess physiological responses to environmental
challenges. In the present study, birds housed in the deep litter system exhibited significantly higher
corticosterone concentrations at 40 weeks than birds maintained in individual cages, while colony cage
birds showed intermediate values. Previous studies have reported contrasting effects of housing
systems on corticosterone responses. For instance (Erek and Matur, 2025) reported that hens in cage
systems experienced fewer stressors than those in floor pens, possibly due to the more controlled
environment of cages. Elevated corticosterone concentrations have also been associated with adverse
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environmental conditions, social interactions, and increased stocking density. (Bessei, 2018),(Pavlik et
al., 2008)(Kang et al., 2016)(Honig et al., 2024).In contrast, (Campbell et al., 2022) reported higher
corticosterone levels in caged layers than in pen-housed birds, highlighting the complexity of endocrine
responses across production systems.

An important observation in the present study is that the higher corticosterone concentration in deep
litter birds occurred alongside shorter tonic immobility durations and lower H/L ratios. This suggests
that individual welfare indicators may not always respond in the same direction and may reflect different
aspects of adaptation to the housing environment. Consequently, corticosterone should be interpreted
together with behavioural and hematological measures rather than as a standalone indicator of welfare
status. The findings highlight the multifaceted nature of stress responses in laying hens and reinforce
the need for a holistic approach when assessing poultry welfare under different housing systems.

CONCLUSIONS
The present study evaluated the effects of individual cage, colony cage, and deep litter housing systems
on behavioural, physical, hematological, biochemical, and hormonal indicators of welfare in Rhode Island
Red hens. Housing system influenced several welfare-related parameters, particularly tonic immobility
duration, claw length, serum T3 concentration, and H/L ratio. Birds reared under the deep litter system
exhibited shorter tonic immobility durations, reduced claw length, higher T3 concentrations, and lower
H/L ratios at 40 weeks of age, suggesting improved behavioural adaptation and a more favourable
physiological status. In contrast, most biochemical parameters, feather condition scores, foot lesion
scores, and keel bone deformity scores were not significantly affected by housing system under the
management conditions of the present study. An important finding was that welfare indicators did not
always respond uniformly across housing systems. Although birds maintained in the deep litter system
showed favourable behavioural and hematological responses, they also exhibited higher corticosterone
concentrations at the later stage of production. This highlights the complexity of welfare assessment
and emphasizes the need to interpret individual indicators within a broader physiological and
behavioural context. Overall, the findings suggest that housing systems that allow greater behavioural
expression may offer welfare advantages for Rhode Island Red hens under tropical production
conditions. However, the observed responses indicate that no single parameter can fully characterize
welfare status. Future studies incorporating larger populations, longer production cycles, and additional
welfare biomarkers are needed to better understand the interactions among housing environment,
physiological adaptation, and bird welfare.
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