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Abstract | This study evaluated differences in performance, nutrient utilisation, welfare indicators, and physiological
responses of Sentul chickens across five rearing conditions and two dietary profiles. We allocated 250 two-month-old
temale Sentul chickens according to a 5x2 factorial design, with five replicates and five birds per experimental unit.
Rearing conditions included rice husk litter, straw litter, sawdust litter, wooden cages, and wire cages. Diet R1 contained
20% crude protein and 3,100 kcal/kg of metabolizable energy, while diet R2 contained 22% crude protein and 2,800
kcal/kg of metabolizable energy. The analysis indicated that the dietary profile influenced final body weight, body
weight gain, feed intake, and feed conversion ratio (FCR), with better growth and FCR observed under diet R1. No
significant interaction was found for final body weight (P=0.671) or daily body weight gain (P=0.916). Descriptively,
the FCR values across treatment combinations ranged from 3.24 (wooden cage with diet R1) to 4.11 (straw litter with
diet R2). In the litter-reared groups, the activity index was approximately 49-52%, while natural behaviours accounted
for about 38-41%; comparing litter-based systems with cages requires specific contrasts or adjusted pairwise tests.
Rearing conditions were associated with variations in behavioural indicators, integument condition, and biomarkers of
stress and oxidative status. These differences cannot be attributed solely to flooring material, as treatments also varied in
cage structure and substrate access. Similarly, the simultaneous variation in energy and protein levels limits inferences
about the two complete dietary formulations. A feed conversion ratio (FCR) of 3.24 was achieved by chickens housed
in wooden cages and fed diet R1. The findings provide context for evaluating Sentul chicken management, but they do
not yet establish an optimal treatment combination or the underlying causal mechanisms.
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INTRODUCTION businesses. These advantages require a husbandry system
that can maintain the chickens’ growth, health, and well-

Sentul chickens are a valuable local Indonesian poultry ~being simultaneously. Sentul chickens respond differently
genetic resource for meat production, germplasm from commercial chickens because of differences in
conservation, and developing regionally based livestock genetic background, growth rate, and adaptability. Recent
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studies on Sentul chickens also show that early biological
factors can influence muscle development and post-hatch
responses (Murtini ez al., 2025). Therefore, management
evaluations during the growth phase must be conducted
specifically, rather than simply adopting commercial broiler
standards.

Rearing conditions include housing systems, floor surfaces,
and access to substrate. Litter can provide opportunities
for foraging and dust bathing. At the same time, variations
in moisture levels, cleanliness, and the nature of contact
between the birds’ feet and the floor surface may relate to
welfare indicators. Since three types of litter were compared
across two housing systems, this factor cannot be defined
solely as “litter material.” Differences in observed responses
must be interpreted as differences between the overall
rearing conditions. Examining the rearing environment
provides the necessary context for this assessment (Kwon

et al.,2024).

This study compares R1 (20% crude protein; 3,100 kcal/
kg metabolizable energy) with R2 (22% crude protein;
2,800 kkal’kg metabolizable energy) two complete
ration formulations with differing energy and protein
densities. This approach allows evaluation of responses
to two practical dietary profiles, rather than independent
assessments of specific energy or protein requirements.
Previous research indicates that variations in energy and
protein levels can influence both poultry performance and
physiological indicators (Lee e a/.,2024; Son ez al., 2024).
However, these references do not establish the specific
requirements for Sentul chickens at the age examined in

this study.

Performance evaluations must be considered alongside
behavioural, metabolic, stress, and oxidative indicators,
as growth alone does not capture all aspects of animal
welfare. Furthermore, every biomarker has limitations
regarding specificity and does not necessarily pinpoint the
underlying physiological mechanisms. Poultry nutrition
research provides context for these relationships (Wlazlak

et al.,2023; Son et al., 2024).

This study addresses a research gap by examining how
these two ration formulations relate to performance and
welfare indicators in female Sentul chickens across five
rearing conditions within a single experimental design.
The study examines the main effects of rearing conditions
and dietary profiles, as well as their interactions. Its
contribution lies in providing specific evidence for the
population and conditions studied, rather than discovering
a new mechanism simply because many parameters were
measured. The working hypothesis posits differences in
response between rearing conditions and among dietary
profiles; statistical testing must determine whether an

interaction exists, rather than assuming it based on
differences in the mean values of the combinations.

MATERIALS AND METHODS

EXPERIMENTAL ANIMALS AND TREATMENT DESIGN

'The study used 250 two-month-old female Sentul chickens
with an average initial body weight of 1,042 + 34.92 g,
allocated in a 5x2 factorial design. The first factor included
five rearing conditions, and the second comprised two
dietary profiles. Each combination included five replicates
of five birds, for a total of 50 experimental units. The rearing
conditions included rice husk, straw, or sawdust as litter,
and wooden- or wire-floored enclosures. Diet R1 contained
20% crude protein and 3,100 kcal/kg of metabolizable
energy, whereas diet R2 contained 22% crude protein
and 2,800 kcal/kg of metabolizable energy. We randomly

assigned the chickens after an initial weighing.

We provided feed and drinking water ad libitum. The
rearing condition factor included three litter systems
(rice husk, straw, and sawdust) and two enclosure systems
(wooden and wire-floored). Each experimental unit
measured 1.5 x 1.0 m and housed five birds, providing a
nominal space of 0.30 m” per bird; the litter depth was 10
cm. All experimental units were housed within a building
measuring 30 x 8 m. Throughout the study, we recorded an

average temperature of 27°C and humidity of 82.5%.

BLOOD SAMPLING

We collected blood at the end of the study period,
after performance measurements were completed. We
randomised the sampling sequence across treatments,
and standardised collection timing to minimise circadian
variation. We randomly selected three chickens from
each experimental unit and drew 3 mL of blood from the
brachial vein in the morning, before providing feed. We
placed a portion of the blood in an EDTA-containing
tube for a differential leukocyte count and to determine
the heterophil/lymphocyte (H/L) ratio. We placed the
remainder in a tube without an anticoagulant to obtain
serum.

'The serum samples were left to clot for 4 hours, centrifuged
at 3,500 rpm and 5°C for 10 minutes, and the supernatant
was then transferred into sterile microcentrifuge tubes. We
coded the samples to keep the laboratory analyst unaware
of the treatment identities.

SAMPLE ANALYSIS AND DATA RECORDING

We recorded body weight at the beginning and end of the
period. We calculated daily weight gain by dividing the
difference between final and initial body weight by the

experiment duration. We determined feed consumption
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by subtracting the remaining feed from the total amount
provided, and we calculated the feed conversion ratio
(FCR) as feed consumption divided by weight gain over
the same period. We calculated energy and protein intake
based on feed consumption and ration composition.
During the fourth month, we isolated two chickens from
each experimental unit for 24 hours and placed them in
metabolic cages to collect faecal samples. Nitrogen retention
was calculated as 100 x (N consumed — N excreted) / N
consumed. We based the entire N retention procedure on

the method described by Rusmana ez a/. (2026).

Welfare assessments were conducted for each experimental
unit. Observed parameters included an activity index,
natural behaviours, tonic immobility duration, feather
condition, and footpad condition. Each pen served as
the unit of observation, and we aggregated individual
measurements to represent that pen.

We observed the activity and natural behaviours of all
sampled chickens within each unit via CCTV recordings
every Monday and Thursday. We expressed the activity
index as the percentage of valid observations in which
the chickens were actively moving. Tonic immobility was
assessed by measuring the time elapsed from the release
of the chicken after being restrained in a supine (on-the-
back) position until it returned to a standing posture.
We evaluated feather and footpad conditions based on
feather integrity and the presence and severity of any
lesions. Behavioural data from Mondays and Thursdays
were averaged to derive a weekly value for each pen.
Observations taken over successive weeks within the same
pen are treated as repeated measurements.

Serum analysis included glucose, triglycerides, total protein,
albumin, and uric acid as indicators of energy and protein
metabolism. Corticosterone indicated the endocrine stress
response, while the H/L ratio was obtained from the
leukocyte differential count. We assessed immune status
by measuring IgG concentration. We determined oxidative
status using malondialdehyde (MDA) as an indicator of
lipid peroxidation and superoxide dismutase (SOD) and
glutathione peroxidase (GPx) activities as components of
antioxidant defence. We performed biochemical analyses
spectrophotometrically using commercial reagents or
validated methods, and determined corticosterone and IgG
by immunoassay/ ELISA according to the MyBiosource Kit
manufacturer’s instructions (USA), ID Kit MBS260991
and MBS760369, respectively.

We recorded all data at the experimental unit level.
For variables measured on individuals, we summarised
individual values within a replicate to unit values before
factorial analysis to maintain independence among
experimental units. We checked data for entry errors,

values outside the biological range, and completeness
before analysis. We removed no values simply because they
yielded differences inconsistent with the hypothesis; any
exclusions were based on predetermined criteria and were
reported transparently.

STATISTICAL ANALYSIS

The primary analysis uses a factorial model:
Yijk=p+Hi+D'+(HXD)ij+Sijk’ where Hi is housing material
(i=1-5), Dj denotes the dietary profile (j=1-2), and k=1-5
indicates the replicates for each combination. Each pen
serves as an independent unit (n=50). For continuous
parameters measured at the individual level, we used
mean values per pen (based on the birds within). We used
LISREL v5.0 to assess residual normality (Q=Q_plots
and the Shapiro-Wilk test) and homogeneity of variance
(residual plots and Levene’s test), and to perform any
necessary data transformations.

As an integrative analysis, we performed a path analysis
with FCR as the outcome. We treated housing system
and energy-protein profile as exogenous variables, while
nitrogen retention and a physiological stress index served
as mediators. We calculated the physiological stress index
as the mean z-score of corticosterone, H/L ratio, and
MDA after adjusting all components so that higher values
indicated greater physiological stress. We report path
coeflicients as standardised coefficients (B) with P values,
and express the proportion of variation in FCR explained
by the model as R?. We evaluated non-significant paths to
maintain the model’s biological interpretability but visually
distinguished them from significant paths. Because the path
analysis was exploratory, we did not interpret associations
between variables as evidence of causality.

RESULTS AND DISCUSSION
PRODUCTIVE ~ PERFORMANCE ~ AND  NUTRIENT
UTILISATION

The interaction between rearing conditions and rations
was not significant for final body weight (P=0.671) or
average daily gain (P=0.916); therefore, we interpreted
both outcomes based on their main effects. The ration
profile influenced final body weight (P<0.001), while
rearing conditions had a P-value of 0.069. Both rearing
conditions (P=0.018) and ration (P<0.001) influenced
average daily gain. R1 resulted in higher growth than R2.
The ration affected feed intake and the feed conversion
ratio (FCR) (P<0.001), while rearing conditions also
influenced the FCR (P<0.001). The FCR values of 3.24 for
the wood-based condition with R1 and 4.11 for the straw-
based condition with R2 describe specific combinations,
not evidence of an interaction or a significant difference
between the pairs.
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Table 1: Effects of housing material and dietary energy-protein profile on productive performance and nutrient utilisation.

Parameteres Rice husk Straw Sawdust Wood Cage Wire Cage P-values

R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 PH PD P_HxD
Final body  1713.1+ 1676.0+ 1685.4+ 1612.0+ 1721.8+ 1635.7+ 1727.8+ 1654.5+ 1717.4+ 1653.9+ 0.069 <0.001 0.671
weight (g)  26.3ab 15.7abc 13.7abc 22.3c  19.8a 17.8bc 11.1a  9.9abc 14.6a  9.labc
Feed intake 2993.9+ 3349.3+ 3028.4+ 3305.4+ 2979.2+ 3305.7+ 2979.2+ 3272.8+ 2981.9+ 3300.2+ 0.859 <0.001 0.934
(g) 308b 79.5a 38.7b 59.0a 27.5b 642a 435b 38.7a 40.1b 17.1a
Feed conver- 3.32+ 398+ 344+ 411+ 3.35+ 4.07+ 3.24+ 3.89+ 3.31x 3.93x <0.001 <0.001 0.334
sionratio  0.02¢  0.03bc 0.02d 0.01a 0.01de 0.05ab 0.0le 0.03c 0.0le 0.0lc
Energyin- 9281.0+ 9377.9+ 9388.2+ 9255.1+ 9235.4+ 9255.9+ 9235.6+ 9163.8+ 9243.8+ 9240.5+ 0.854 0.835 0.933
take (kcal) 95.5a  222.5a 120.0a 165.3a 85.4a 179.8a 135.0a 108.5a 124.4a 47.8a
Protein 598.8+ 736.8+ 605.7+ 7272+ 595.8+ 727.2+ 5959+ 720.0+ 596.4+ 726.1+ 0.863 <0.001 0.934
intake (g) 6.2b 1752 7.7b  13.0a 55b 141a 87b 852 80b 3.7a
Nitrogen 674+  60.5+ 64.1+ 595+ 618+ 599+ 634+ 589+ 60.8+ 584+ 0.009 <0.001 0.222
retention (%) 1.1a 1.0bc 0.7ab 13bc 0.8bc 1.4bc 1.5abc 0.4bc 1.4bc 1.3c

Values are mean+SEM (n=5 independent units per treatment combination). Within each row, means without a common superscript
letter differ at P<0.05 (Tukey HSD). R1 = 20% crude protein and 3,100 kcal ME/kg; R2 = 22% crude protein and 2,800 kcal ME/

kg. P-values are from the balanced 5x2 factorial model (housing material, diet, and their interaction). P_H = housing material effect;

P_D = diet effect; P_HxD = housing material x diet interaction.

Energy intake did not differ significantly by rearing
condition, diet provided, or their interaction (P>0.05).
'The higher feed consumption observed for the R2 diet is
consistent with a potential compensatory response to its
lower energy density; however, the lack of a significant
difference in energy intake does not imply biological
equivalence. Protein intake was higher for the R2 diet
(P<0.001). Nitrogen (N) retention was influenced by
both rearing condition (P=0.009) and diet (P<0.001),
with values of 67.35% for the rice-husk-litter/R1-diet
combination and 58.38% for the wire-flooring/R2-
diet combination. These values should be considered
preliminary, pending verification of the excreta collection
methods and N-balance calculations; they cannot be used
to establish the superiority of a specific combination or to
determine the mechanisms underlying protein deposition.
Previous studies provide context regarding the relationship
between nutritional profiles and nitrogen utilisation (Heo

et al.,2023; Son et al., 2024).

A lower feed conversion ratio (FCR) indicates less feed
consumed per unit weight gain; however, this does not
necessarily reflect higher energy-use efficiency, as the
two diets differed in energy density. Evaluating energy
efficiency requires calculating metabolizable energy intake
per unit weight gain, along with appropriate measures
of uncertainty and statistical testing. Furthermore,
differences in feed wastage between housing types can bias
consumption and FCR data if not properly corrected. In
the absence of comprehensive compositional data along
with measurements of protein deposition or amino acid
metabolism observed responses cannot be definitively
attributed to specific factors such as energy, protein,
deamination, or tissue deposition. This discussion is

framed within nutritional research on local chicken breeds

(Muhammad e al., 2023; Mushawwir ef al., 2025b).

BEHAVIOURAL EXPRESSION AND WELFARE STATUS
Preliminary analysis indicates that rearing conditions
significantly affect activity indices and the expression of
natural behaviours (P<0.001), whereas dietary profiles and
their interactions are not statistically significant (P>0.05).
Groups housed on litter exhibited activity indices of
approximately 49-52% and natural behaviour levels of
around 38-41%. These ranges are descriptive statistics for
the groups, not evidence of specific contrasts between litter-
based and wire-floored housing or pairwise comparisons.
Access to a substrate directly determines opportunities for
foraging and dustbathing; however, lower frequencies of
these behaviours in substrate-lacking environments do
not, by themselves, confirm compromised physiological
welfare. Future research should verify the equivalence
of effective space and incorporate analyses of repeated
observations.

Tonic immobility varied significantly by rearing condition
(P<0.001) and dietary profile (P=0.003). The values 66.70
seconds for the litter—R1 combination and 139.16 seconds
for the wire-floor-R2 combination are descriptive; they
do not establish specific pairwise differences or identify an
optimal combination. Rearing conditions also significantly
affected feather and footpad scores (P<0.001); however,
determining which condition is superior requires a clear
definition of the scoring direction, appropriate ordinal
or proportional analysis, and adjusted comparisons.
Previous studies support assessing welfare through various
environmental and integument-related indicators (Kwon

et al.,2024).
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Table 2: Effects of housing material and dietary energy-protein profile on behavioural expression and welfare status.

Parameteres  Rice husk Straw Sawdust Wood Cage Wire Cage P-values
R1 R2 Ri1 R2 R1 R2 R1 R2 R1 R2 PH P D P_HxD
Activity index  50.5+ 52.3x 49.4+ 488+ 50.1x 489+ 118+ 12.7+ 8.2« 11.4+ <0.001 0.158 0.152
(%) 0.72 0.4a 0.7a 0.6a 0.8a 0.7a 1.3bc 1.4b 1.0c 1.1bc
Natural 39.6+ 40.8+ 40.0+ 38.6+ 383+ 38.6x+ 13.0+ 15.1+x 134+ 12.8+ <0.001 0.507 0.258
behaviour (%) 0.8a 0.8a 0.3a 0.8a 0.5a 0.7a 0.6b 1.5b 09 0.9b
Tonic 66.7+ 853+ 89.0+ 1122+ 93.8+ 89.3+ 108.3+ 132.1+ 130.3+ 139.2+ <0.001 0.003 0.233
immobility (s) 9.0c  8.7bc 6.4bc 6.9ab  8.4bc 6.7bc 3.5ab  9.6a 2.2a 4.2a
Feather score  0.52+ 0.43+ 0.59+ 0.79x 0.43x 0.52+ 0.72+ 0.71x 090+ 1.08x <0.001 0.164 0.376
0.07bc 0.13c¢ 0.08bc 0.07abc 0.09¢  0.07bc 0.10abc 0.07abc 0.02ab 0.07a
Footpad score  0.38+ 0.46+ 0.95+ 1.12+ 0.65+ 0.66x 0.65+ 0.89+ 1.45+ 126+ <0.001 0.269 0.182
0.10d 0.15d 0.10bc 0.05ab 0.04cd 0.11cd 0.08cd 0.10bc 0.09a 0.01ab

Values are mean+SEM (n=5 independent units per treatment combination). Within each row, means without a common superscript
letter differ at P<0.05 (Tukey HSD). R1 = 20% crude protein and 3,100 keal ME/kg; R2 = 22% crude protein and 2,800 kcal ME/
kg. P-values are from the balanced 5x2 factorial model (housing material, diet, and their interaction). P_H = housing material effect;
P_D = diet effect; P_HxD = housing material x diet interaction.

Table 3: Effects of housing material and dietary energy-protein profile on immunometabolic, stress and oxidative status.

Parameteres Rice husk Straw Sawdust Wood Cage Wire Cage P-values
R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 PH PD P _HxD
Uric acid 6.39+ 721+ 627+ 7.04x 6.23x 6.82+ 6.16x 725+ 6.25+ 7.20+ 0.419 <0.001 0.523
(mg/dL) 0.15bc 0.192 0.10c  0.17ab 0.15¢ 0.14abc 0.11c  0.12a 0.14c 0.18a
Corticoster- 4.81+x 5.17+ 5.61+ 5.89+ 452+ 545+ 6.27+ 636+ 728+ 759+ <0.001 0.004 0.330
one (ng/mL) 0.22ef 0.16def 0.15cde 0.10cd 0.19f 0.24cdef 0.27c¢  0.10bc 0.32ab 0.17a
H/L ratio 0.37+ 0.42+ 0.43+ 049+ 039+ 0.46= 0.48+ 0.49+ 0.56+ 0.65+ <0.001 <0.001 0.334
0.0le 0.02cde 0.01cde 0.02bc 0.02de 0.02cd  0.03bed 0.01bc 0.02b  0.00a
IeG 7.89+ 780+ 753+ 7.66x 739+ 7.50% 730+ 728+ 714+ 721+ <0.001 0.684 0.947
(mg/mL) 0.12a 0.26ab 0.07ab 0.17ab 0.09ab 0.21ab  0.09ab 0.15ab 0.12b 0.13ab
MDA 2.66+ 254+ 2.72+ 281+ 274+ 2.76% 2.88+ 3.05+ 3.28+ 328+ <0.001 0.589 0.657
(nmol/mL)  0.08bc 0.09c 0.10bc 0.08bc 0.06bc 0.10bc  0.03abc 0.08ab 0.15a 0.13a
SOD 118.3+ 117.4+ 110.3+ 108.8+ 111.8+ 112.3x 110.5+ 108.9+ 108.5+ 105.7+ <0.001 0.270 0.919
(U/mL) 2.6a 1.5a 2.1ab 2.1b 1.5ab 1.8ab 1.0ab 09> 2.1b 1.4b
GPx 172.3+ 173.7+ 163.4+ 161.2+ 160.2+ 163.5+ 160.5+ 156.1+ 157.1+ 1542+ <0.001 0.599 0.624
(U/L) 3.0ab 2.7a 4.7abc  1.6abc 3.2bc 2.6abc  1.2bc  3.4c 12¢ 22¢

Values are mean+SEM (n=5 independent units per treatment combination). Within each row, means without a common superscript
letter differ at P<0.05 (Tukey HSD). R1 = 20% crude protein and 3,100 kcal ME/kg; R2 = 22% crude protein and 2,800 kcal ME/

kg. P-values are from the balanced 5x2 factorial model (housing material, diet, and their interaction). P_H = housing material effect;

P_D = diet effect; P_HxD = housing material x diet interaction.

Welfare assessment must distinguish between the
opportunity to perform natural behaviours, fear responses
during testing, integument condition, and physiological
biomarkers. The observed relationships between these
outcomes do not necessarily prove that restricted movement
leads to neuroendocrine or metabolic alterations. Factors
such as litter quality, effective space, microclimate, health
status, and handling may also contribute to these results.
The environmental study of Sentul chickens provides
context (Mushawwir ez a/., 2025a), but it does not isolate
these factors in the current study’s design.

IMMUNOMETABOLIC, STRESS AND OXIDATIVE STATUS
Initial analysis indicates that rearing condition affects

glucose levels (P=0.028). Group R2 showed lower
triglyceride levels (P<0.001) and higher total protein
(P<0.001), albumin (P=0.001), and uric acid (P<0.001).
These changes reflect differences in serum metabolite
concentrations across formulations, though they do not
directly measure protein deposition or nitrogen metabolic
flux. Because energy, protein, and potentially ingredient
composition vary simultaneously, we cannot isolate each
component’s contribution.

Corticosterone levels differed by both rearing condition
(P<0.001) and ration (P=0.004), with a range from 4.52
ng/mL (sawdust-R1) to 7.59 ng/mL (wire flooring—R2).
'The heterophil-to-lymphocyte (H/L) ratio also showed
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significant effects of both rearing condition and ration
(P<0.001). Although both indicators reflect variation in
the stress response, they are not specific to chronic stress
induced by housing; however, housing conditions and
rations have been documented as factors that can elevate

these hormones (Kwon ez al., 2024; Son ef al., 2024).

Rearing condition significantly affected IgG-labeled
immunoglobulins, MDA, SOD, and GPx (P < 0.001),
whereas the ration and the interaction between factors were
not significant. Immunoglobulin concentrations alone do
not confirm enhanced immune protection in the absence
of functional assays. Descriptive differences between
rice husks and wire flooring are insufficient to establish
superiority without corrected pairwise comparisons.
Literature on poultry immunology and antioxidants
supports the general discussion, but it does not validate the
specific immune functions or molecular pathways reported

in this research (Wlazlak ez al., 2023; Zhang et al., 2024).

MDA is interpreted as an indicator of lipid peroxidation,
while SOD and GPx reflect the activity of antioxidant
defence components. Increased enzyme activity may
reflect an adaptive response to oxidative challenge and
therefore does not necessarily indicate better physiological
status. Assessing these variables also depends on sampling
conditions and analytical quality.

LIMITATIONS IN INFERRING RELATIONSHIPS BETWEEN
REARING CONDITIONS, RATION PROFILES, AND FCR
The path analysis presented in the initial version is not

retained as an inferential result. Because individual-unit
data were not included, it remains unclear whether the
estimates were derived from 50 independent plots or from
the means of ten combinations. Using combined means
alters the effective sample size and can lead to unstable
estimates. Furthermore, collapsing five conditions into
two categories eliminates inter-condition variation and
requires both explicit justification and clear coding.

We excluded the R® value of 0.970 and the direct
coeflicient for the ration profile (B = 0.943) from the initial
version of the conclusions because we have no information
on standard errors, confidence intervals, multicollinearity
checks, residual analysis, or model fit. A high R? value does
not establish biological validity or a causal relationship.
'These figures are mentioned solely to clarify the limitations
in interpreting the previous model.

We measured stress biomarkers at the end of the study,
whereas the feed conversion ratio (FCR) summarises
performance over the entire period. The temporal
sequence between the mediator and the outcome has
not been established; therefore, there is no sufficient
basis to conclude that physiological mediation occurred.
The previously reported pathway from nitrogen (N)
retention to FCR was non-significant ($=0.008; P=0.817),
which also does not support the claim of nitrogen-based
mediation. Differences in FCR are discussed based on
treatment comparisons within a factorial design, involving
concurrent energy—protein restriction and maintenance
conditions that encompass multiple attributes.

R =0.34

Housing materials

(5 types) 0524+

Natural behaviour
(activity score)

S awdustr
litter

04175+ g 04T
R*=0.61

Physiological stress
(composite index) '

Corticosterone, H/L ratio,

&

0.136**

R*=0970 |

( Dietary energy_protein Feed conversion ratio 1
profiles (2 types) CR=052 ) (FCR)
2 e 0,68 Nitrogen retention s S"f)_ Pl
| W
RI R2 = 1 |
CP 20% CP22% 0,943+
ME 3,100 kcalkg ~ ME 2,800 kcal’kg *
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e e s e e e e e A e s e T e
Model fit indices ———  Positive significant path (P < 0.05) Significance level
X2/ df =187 =P Negative significant path (P < 0.05) * P <005
GRIS10196 "0 s = el e e P»>  Non-significant path (P = 0.05) ok P<0.01
TLI=0.93 G
l ;‘;ﬁg\: I) %26 Coefficient of determination i Not significant

Figure 1: Exploratory framework of the relationships among housing material, dietary energy—protein profile, nitrogen
retention, physiological stress index, and FCR.

December 2026 | Volume 14 | Issue 12 | Page 2760

%0 .
Qals Links
OResearchers



OPEN 8ACCESS

Advances in Animal and Veterinary Sciences

CONCLUSION

Based on the reported results, R1 (20% crude protein; 3,100
kcal/kg metabolizable energy) showed better growth and
teed conversion than R2 (22% crude protein; 2,800 kcal/kg
metabolizable energy) under the conditions of this study.
The experimental design did not isolate the individual
contributions of energy, protein, or the specific ingredients
comprising the rations. The five rearing conditions differed
in behaviour, integument condition, and physiological
biomarkers; however, the substrate’s influence could not be
disentangled from the effects of enclosure structure and
surface characteristics. The lack of significant interaction
effects on final body weight and daily weight gain does not
support the claim of an optimal combination for these two
outcomes.
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