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ABSTRACT

Background and Aim: IPB-D3 chicken is a locally developed fast-growing composite line derived from Pelung, Sentul,
Kampung, and Broiler strains. Despite its potential as a dual-purpose Indonesian breed, detailed information on its muscle
histology, especially type 11X myofiber composition under different rearing systemes, is lacking. This study aimed to evaluate
the growth performance and muscle histological characteristics of IPB-D3 chickens reared under intensive and free-range
systems.

Materials and Methods: Ninety 12-week-old IPB-D3 chickens were reared for 12 weeks under two systems: intensive (n =
45) and free-range (n = 45). Samples of pectoralis major and quadratus femoris (Fem) muscles from 10 birds (five per group)
were examined using hematoxylin-eosin, picrosirius red, and immunohistochemical staining for type 1IX myofibers.
Parameters such as fasciculus area, myofiber cross-sectional area, myofiber number per mm?, collagen percentage, and type
IIX fiber intensity were analyzed using an independent t-test at a 95% confidence level (Statistical Package for the Social
Sciences v.29.0).

Results: No significant difference (p > 0.05) was observed in body weight or carcass yield between rearing systems. However,
free-range chickens exhibited a significantly larger myofiber cross-sectional area and a higher proportion of high-intensity
type 11X myofibers in the Fem muscle (p < 0.05), while the intensive system showed a higher percentage of intramuscular
collagen (p < 0.05). The overall muscle morphology was similar between systems, with polygonal myofibers organized within
collagen-bound fasciculi.

Conclusion: This study provides the first histological characterization of IPB-D3 chickens, demonstrating that both rearing
systems support comparable growth performance. Free-range rearing enhances thigh muscle hypertrophy and type IIX fiber
development, whereas intensive rearing increases collagen deposition. These findings suggest that IPB-D3 chickens are
adaptable to diverse production environments. Further studies should explore Myosin heavy chain gene expression,
longitudinal muscle growth, and meat texture properties to improve sustainable rearing strategies and meat quality
optimization for Indonesian local chicken development.

Keywords: animal welfare, food security, free-range rearing, IPB-D3 chicken, local genetic resources, muscle histology, SDG
12, SDG 2, sustainable poultry production.

INTRODUCTION

The growing consumer and market demand for chicken meat has accelerated innovations in developing local
poultry breeds and strains with high productivity and rapid growth potential [1]. The superior genetic traits of
indigenous Indonesian chickens provide a strong foundation for creating new composite breeds that meet
community and market needs. Globally, poultry meat demand continues to rise, with production projected to
increase by approximately 16% by 2025 [2]. According to Bakrie et al. [3], local chicken remains one of Indonesia’s
most preferred livestock commodities due to its unique flavor and cultural acceptance. However, the productivity
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of local breeds is generally lower than that of commercial broilers, motivating the development of composite
chickens to improve growth and carcass performance [1].

Composite chickens are the result of crossbreeding multiple breeds to combine desirable parental traits [4,
5]. The IPB-D3 line was developed through a cross between male Pelung-Sentul and female Kampung-Broiler
(Cobb parent stock) chickens, with each parental strain contributing 25% of the genetic composition. Through
successive selection and breeding, this composite line evolved into a fast-growing local chicken suitable for use as
a parent stock [6]. At 12 weeks of age, IPB-D3 males can reach an average body weight of 1,880.5 g [7]. Despite
this promising performance, further characterization is required to identify its superior attributes, particularly in
muscle structure and growth-related genes.

The rearing system plays a crucial role in determining poultry product quality. As reported by Dal Bosco et
al. [2], rearing conditions affect both physiological performance and meat characteristics. Increasing consumer
awareness of animal welfare has driven interest in free-range systems that allow chickens to express natural
behaviors, influencing not only welfare but also meat texture, structure, and safety perceptions [8]. Under-
standing how rearing systems affect the muscle histology of IPB-D3 chickens is therefore vital for improving
product quality and enhancing sustainability in local poultry production.

Growth and muscle performance can be evaluated using various parameters, including body and carcass
weight, muscle strength, fascicle area, myofiber cross-sectional area, myofiber number per fascicle, and myofiber
diameter in breast and thigh muscles. Additional texture-related indices, such as hardness, tenderness,
springiness, chewiness, and fracture resistance, in pectoralis muscles provide complementary insights into meat
quality [9-16].

The total number of myofibers formed prenatally, and their postnatal enlargement, determine final muscle
mass, while myofiber characteristics influence the visual and textural attributes of meat [17]. Fast-growing birds
typically have more myofibers than slow-growing birds [18]. The genetic composition of Indonesian composite
chickens, being a mixture of parental traits, is expected to affect myofiber number, muscle size, fiber-type, and
connective tissue distribution, all of which influence meat quality. Myofibers constitute the main structural
component of chicken meat [19], with skeletal muscle primarily consisting of red (slow-twitch/type I) and white
(fast-twitch/type 1l) fibers. The relative proportion of these fibers strongly affects key meat quality parameters,
such as color, tenderness, and postmortem pH [20]. A higher proportion of type | and IIA fibers is generally
associated with improved meat quality, whereas type 11X and IIB fibers are negatively correlated with desirable
texture and sensory properties [21].

Previous histological studies [10, 11, 13—-15, 22, 23] on the pectoralis muscle have been conducted in Pelung,
Broiler, and Kampung chickens, and muscle performance has also been characterized in Sentul chickens [12].
However, similar evaluations have not yet been performed in IPB-D3 chickens. Given that IPB-D3 is a relatively
new composite line, earlier studies have primarily addressed its growth performance, morphometric traits,
reproductive capacity, nutritional responses, genetic characteristics, and immune functions [7, 24-31]. Therefore,
detailed histological characterization remains essential to elucidate the muscle properties and adaptive potential
of this promising Indonesian chicken line.

Despite the growing use of composite chicken lines in Indonesia, detailed muscle-level insights into how
environmental rearing systems affect tissue morphology and physiology remain unexplored. While the IPB-D3
chicken has shown promising growth performance and adaptability, there is limited understanding of the
underlying histological variations that occur under different management conditions. Detailed information on
myofibre architecture, collagen organisation, and fibre-type composition, which directly influence meat quality
traits, remains particularly limited. Furthermore, the interaction between rearing environment and muscle
microstructure has not been systematically studied in composite local chickens, leaving a critical gap in the
correlation between macroscopic growth outcomes and microscopic muscle quality determinants. Understanding
these tissue-level adaptations is essential for optimizing both animal performance and consumer-oriented meat
attributes in sustainable poultry production systems.

This study aimed to characterize and compare the growth performance and muscle histological features of
IPB-D3 chickens reared under intensive and free-range systems. The evaluation focused on identifying structural
and compositional differences in pectoralis major (Pec) and quadratus femoris (Fem) muscles, including fasciculus
dimensions, myofiber density, collagen proportion, and type I[IX myofiber distribution. By integrating
morphometric and histochemical analyses, the study sought to elucidate how rearing systems influence muscle
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development patterns and potential meat quality traits in this locally developed line. The findings are intended to
provide baseline histological data for genetic improvement programs and guide evidence-based recommend-
dations for sustainable rearing strategies, supporting future innovations in Indonesia’s local poultry industry.

MATERIALS AND METHODS
Ethical approval

All experimental procedures involving animals were conducted in strict accordance with national and
international guidelines for the care and use of animals in research. The study complied with the principles of the
Animal Research: Reporting of In Vivo Experiments 2.0 guidelines, the World Organization for Animal Health
Terrestrial Animal Health Code, and applicable Indonesian animal welfare regulations.

The experimental protocol was reviewed and approved by the Animal Ethics Committee of the School of
Veterinary Medicine and Biomedical Sciences, IPB University, Bogor, Indonesia (Approval No. 209/KEH/SKE/
IV/2024). Ethical review covered all aspects of animal use, including housing conditions, rearing systems, feeding
management, handling procedures, sampling strategy, and slaughter methods.

Throughout the study period, birds were monitored daily for health status, behavior, and signs of distress.
Stocking density, ventilation, access to feed and water, and environmental enrichment were maintained to
minimize stress and ensure animal welfare under both intensive and free-range systems. No invasive procedures
were performed prior to slaughter, and no mortality related to experimental handling was observed.

Slaughtering was carried out at 24 weeks of age following a manual halal procedure, after a 24-h fasting
period, in accordance with accepted humane slaughter practices to minimize pain and distress. Tissue sampling
for histological analysis was performed only postmortem. All efforts were made to reduce the number of animals
used while ensuring sufficient statistical power and scientific validity.

Study period and location

The experiment was conducted from January to November 2024. The IPB-D3 chickens were housed at the
Field Laboratory of Animal Breeding and Genetics, Faculty of Animal Science, IPB University, Dramaga, Bogor,
located at approximately 250 m above sea level. Histological analyses, including hematoxylin-eosin (HE),
picrosirius red (PSR), and immunohistochemical (IHC) staining of Pec and Fem muscles, were performed in the
Veterinary and Zoology Laboratory, Anatomy and Histology Section, National Research and Innovation Agency
(BRIN), Indonesia.

Experimental animals and design

This preliminary study was conducted as part of the research series by Kuswandi et al. [31]. A total of 90 IPB-
D3 chickens (12 weeks old) were used. All chickens underwent a 7-day acclimatization period before the
experiment, during which their health status was monitored daily. Birds were randomly allocated into two rearing
systems, intensive and free-range, each consisting of 45 chickens (21 males and 24 females), maintaining an
approximately 1:1 sex ratio. The rearing period lasted 12 weeks. The IPB-D3 chicken is a fast-growing composite
line derived from a cross between Pelung x Sentul (male) and Kampung x Broiler Cobb (female), each contributing
25% of the genetic composition.

Rearing systems
Intensive rearing system

Forty-five chickens were raised in an enclosure measuring 6 x 1.5 m, designed to provide optimal environ-
mental conditions. The housing was an open-sided conventional house without automated temperature or
humidity control equipment (e.g., fans or heaters). Environmental parameters fluctuated naturally, and adequate
ventilation was maintained. The flooring was constructed for easy cleaning to reduce waste accumulation and
disease risk. Stocking density was adjusted to minimize stress and maintain animal welfare.

Free-range rearing system

Another group of 45 chickens was maintained in a 20 x 10 m free-range area containing natural vegetation
such as banana trees, Indigofera, and native grasses. The area was fenced with protective netting to prevent
predation and escape. The system allowed birds to express natural behaviors such as foraging, scratching, and dust
bathing. Roosting supports were also provided. Chickens were released from 06:00 a.m. to 05:00 p.m., with access
to shade and vegetation, and were housed indoors at night (4 x 3 m shelter) for predator protection. The rearing
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followed Australian free-range standards, maintaining a maximum density of one chicken per square meter [32].
Feeding and management

Both groups received a commercial crumble diet (B-12 L, PT. New Hope Indonesia, Indonesia) twice daily
containing 13% moisture, 14%—16% crude protein, 3,000 kcal/kg metabolizable energy, 3% crude fat, 8% crude
fiber, 8% ash, and 0.9%-1.2% calcium. Feed energy was derived primarily from corn, rice bran, and oil; protein
sources included soybean meal, amino acids, meat, and bone meal; and minerals were provided through
limestone, sodium bicarbonate, and trace minerals. Drinking water was available ad libitum throughout the study.

Slaughtering and sample collection

At 24 weeks of age, chickens were slaughtered following a manual halal procedure after a 24-h fasting period.
From each rearing system, five chickens (n = 10 total; 2 males and 3 females per group) were randomly selected
for histological analysis. Following slaughter, carcasses were scalded in 70°C water for 10-20 s to remove feathers
[33]. Internal organs were excised, and carcass weights (without giblets) were recorded. Samples of Pec and Fem
muscles were collected, and 2 x 2 cm sections were fixed in 10% neutral-buffered formalin (Merck, Darmstadt,
Germany) for 48 h, then transferred to 70% ethanol before standard paraffin (Merck) embedding. Tissues were
sectioned serially at 5 um thickness (three sections per muscle).

Histological preparation and staining
HE staining

Sections were deparaffinized in xylene (Merck), rehydrated through graded ethanol (100%—70%, Merck),
rinsed with distilled water (OneMed, Surabaya, Indonesia), and stained with HE (Merck) to examine general
muscle morphology [10, 11, 34, 35]. Slides were observed using an Olympus CX43 microscope at 10x, 20x, and
40x magnifications, and images were captured under standardized brightness and white balance.

PSR staining

Sections were processed as above and stained with 0.1% PSR solution (Sigma Aldrich, St. Louis, USA) to
evaluate intramuscular collagen distribution [36—39]. Observations were made at 10x, 20x, and 40x
magnifications. Collagen content was quantified as the percentage of red—stained area per tissue field. Under
polarized light, collagen fibers were categorized as thick (red-yellow), thin (green), or unpolarized/black, indicating
different fiber thicknesses and types.

IHC staining

Sections were deparaffinized, rehydrated, and treated with 3% hydrogen peroxide (Merck) in Phosphate-
buffered saline (pH 7.4, Sigma Aldrich) for 10 min, followed by 0.1%-0.2% Triton X-100 (Sigma Aldrich)
permeabilization. IHC was performed using the Mouse and Rabbit Specific HRP/DAB Detection Kit (ab64264,
Abcam, Cambridge, UK). After blocking, samples were incubated overnight (4°C) with anti-fast skeletal myosin
heavy chains (MyHC)-2x/type IIX (ab51263, Abcam) and anti-slow skeletal MyHC-7/type | (ab11083, Abcam)
monoclonal antibodies (1:60 dilution) following Huo et al. [23] and Weng et al. [40]. Visualization was achieved
using DAB chromogen and substrate (ab64264, Abcam) for 2 min, followed by dehydration, clearing in xylene, and
mounting with Entellan (Merck).

The staining intensity was quantified by converting images to grayscale and measuring gray values: high
(144-255), moderate (50-144), and low (2—30). Fiber intensity was categorized as follows: High = type IIX,
moderate = mixed type lIX, and low = other myofiber types.

Image analysis

Quantitative analyses were conducted using ImageJ software (v1.53k, NIH, USA). Calibration was performed
with a micrometer (Erma, Tokyo, Japan).

e For HE-stained sections, the following were measured: Fasciculus area (average of 10), myofiber cross-

sectional area (average of 60), and myofiber number per mm? (five fields per sample).

e For PSR staining, the relative percentage of intramuscular collagen was analyzed in five random fields per

muscle (10x magnification).

e For IHC staining, the percentage of type IIX myofibers was determined across five fields per sample.
Statistical analysis

Data were tested for normality (Shapiro-Wilk) and homogeneity of variances (Levene’s test) before analysis.
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Parameters that satisfied parametric assumptions were compared using the independent t-test at a 95%
confidence level (a = 0.05). Statistical analyses were performed using the Statistical Package for the Social Sciences
v.29.0 (IBM, New York, USA).

RESULTS

Growth performance

The growth performance of IPB-D3 chickens did not differ significantly (p > 0.05) between the two rearing
systems (Table 1). Both intensive and free-range chickens exhibited comparable body and carcass weights,
indicating similar growth efficiency under different management conditions.

Table 1: Growth performance parameters of IPB-D3 chickens reared under intensive and free-range production systems.

Reared systems

Parameter (g)

Intensive Free-range
Body weight 1222.40 + 206.04 1340.20 £ 322.48
Carcass weight 801.60 £ 163.10 854.00 £ 218.20
Breast weight 213.43£57.83 199.71+41.32
Thigh weight 65.36 + 16.85 68.05 + 19.57

Values are expressed as mean * standard error of the mean.
Muscle microstructure and histomorphometry

Microscopic examination revealed that the myofiber cross-sectional area of the Fem muscle was significantly
larger in chickens reared under the free-range system compared with those reared intensively (Hedges’ g = 1.088;
95% confidence interval [CI] [0.175, 2.296]; p < 0.05) (Table 2). Likewise, the proportion of high-intensity type 11X
myofibers was greater in the Fem muscle of free-range chickens (Hedges’ g = 11.657; 95% Cl [-0.170, 2.610]; p <
0.05) (Table 3). In contrast, the relative percentage of intramuscular collagen was higher in the Fem muscle of
intensively reared chickens (Hedges’ g = 1.329; 95% Cl [-2.668, -0.058]; p < 0.05) (Table 2).

Table 2: Histomorphometric characteristics of IPB-D3 chicken muscles under intensive and free-range rearing systems.

Rearing system

Parameters .
Intensive Free-range

Fasciculus area (10° x pm?)

Fem 1.33+0.08 1.39+0.12

Pec 1.95+0.15* 1.83 £0.80*
Myofiber cross-sectional area (103 x pm?)

Fem 1.91+0.37% 2.39+0.42%

Pec 1.21+0.29 1.30+0.39
Number of myofibers per mm?

Fem 232.65+42.16 215.03 £98.90

Pec 467.18 + 77.90* 373.28 + 82.58*
Relative percentage of collagen (%)

Fem 8.92 + 1.34% 7.07 £1.04

Pec 5.73+1.72 7.43+1.45

Values are presented as mean + standard deviation. * indicates a significant difference between Pec and Fem within the same rearing system (same column)
(p < 0.05), a indicates a significant difference between intensive and free-range systems within the same muscle type (same row) (p < 0.05). Units are
expressed as indicated for each parameter. Fem = Quadratus femoris muscle, Pec = Pectoralis major muscle.

Table 3: Distribution (%) of type 11X myofibers in IPB-D3 chicken muscles under intensive and free-range rearing systems
based on immunostaining intensity.

.. . Intensive Free-range
Immunostaining intensity
Fem Pec Fem Pec
High (%) 19.03 £9.23* 295+1.77 33.69 £ 10.95% 6.13£5.25
Moderate (%) 67.81+ 14.46 92.95 + 3.78* 54.29 £14.51 88.03 +4.73*
Low (%) 13.17+8.41 4.10+3.48 12.03 £11.22 5.78+5.11

Values are expressed as mean + standard deviation. * Indicates a significant difference between Fem and Pec within the same rearing system (p < 0.05), a
indicates a significant difference between intensive and free-range systems within the same muscle type (same row) (p < 0.05). Fem = Quadratus femoris
muscle, Pec = Pectoralis major muscle. Immunostaining intensity was classified as high, moderate, or low based on staining strength.

Overall, no distinct morphological abnormalities or fiber arrangement differences were observed between
the two rearing systems. The muscle microstructure of IPB-D3 chickens consisted of fasciculi bound by collagenous
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perimysium, with individual myofibers enclosed by endomysium (EM). Most myofibers displayed a polygonal
shape, although some appeared round (Figures 1 and 2). Under polarized light, thick collagen fibers were
predominantly localized in the perimysium, while thin fibers were observed mainly in the EM (Figure 3).
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Figure 1. General histological architecture of IPB D-3
chicken muscle. (A—D) Representative hematoxylin and
eosin—stained sections of muscles from different rearing
systems, illustrating muscle fascicles (dashed outlines)
and individual myofibers (My). Fem = Quadratus femoris
muscle, Pec = Pectoralis major muscle.
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Figure 2: (A-D) Representative picrosirius red—stained
sections highlighting intramuscular connective tissue (red)
in different muscles from distinct rearing systems. The
perimysium (PM) and endomysium (EM) are clearly
delineated within the muscle tissue. Fem = Quadratus
femoris muscle, Pec = Pectoralis major muscle.

FEM

PEC
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Figure 3: (A—C) Representative picrosirius red—stained sections showing collagen distribution in the femoral (Fem) muscle of
IPB-D3 chickens, and (D—F) corresponding sections of the pectoralis (Pec) muscle. Collagen is observed as discontinuous fibers
within the perimysium (PM), while the endomysium (EM) contains finer fibers than the perimysium. (C, F) Polarized light
micrographs demonstrate that the perimysium predominantly comprises thick collagen fibers (TcFb) with some thin fibers
(TnFb), whereas the EM appears weakly or non-polarized, indicating the presence of very thin fibers or different collagen
types. Fem = Quadratus femoris muscle, Pec = Pectoralis major muscle.

Comparative muscle histomorphometry

Although overall morphology appeared similar, two histomorphometric parameters differed significantly (p
< 0.05) between rearing systems. The Pec muscle contained more myofibers per mm? than the Fem muscle,
corresponding to its smaller fiber size. Conversely, the Fem muscle in free-range chickens exhibited larger
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fasciculus and myofibril areas, reflecting muscle hypertrophy associated with higher physical activity. In both
rearing systems, the fasciculus area was significantly greater (p < 0.05) in Pec than in Fem muscles. Within the
intensive system, the relative intramuscular collagen percentage was significantly higher in Fem than in Pec
muscles (Table 2).

IHC localization of type IIX myofibers

IHC analysis revealed clear variations in staining intensity among muscle fibers, representing differential
antibody binding to type IIX MyHC. The distribution patterns of type IIX fibers varied between Fem and Pec
muscles (Figure 4) but remained generally consistent across rearing systems (Table 3).

High-intensity myofibers, corresponding to type IIX fibers, were more abundant in the Fem muscle and
particularly prevalent in free-range chickens. Moderate-intensity fibers were more frequently observed in the Pec
muscle, whereas low-intensity fibers showed high variability with no significant differences between muscle types
or rearing systems (Table 3). Morphologically, low-intensity fibers exhibited a round shape, while high-intensity
fibers appeared polygonal (Figure 5).

Notably, IHC for slow-type | myofibers yielded negative results in all samples, indicating a predominance of
fast-twitch fiber composition in the muscles of IPB-D3 chickens.
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Figure 4: (A and B) Immunohistochemical localization of type Figure 5: (A) Femoral and (B) pectoralis muscle sections
11X myofibers in the femoral (Fem) muscle and (Cand D) inthe showing low-intensity immunohistochemical staining
pectoralis (Pec) muscle across different rearing systems. localized to round-shaped myofibers (circled with dotted
Myofibers exhibit variable staining intensity, categorized as lines).

high (H), moderate (M), or low (L), reflecting differences in

antibody binding to type IIX myofibers. Fem = Quadratus

femoris muscle, Pec = Pectoralis major muscle.

DISCUSSION
Growth performance of IPB-D3 chickens under different rearing system

No significant differences were observed in the body growth performance of IPB-D3 chickens between the
intensive and free-range systems. This outcome is consistent with the genetic potential of the IPB-D3 line, which
is a fast-growing composite breed derived from IPB-D1 chickens registered under the Ministry of Agriculture of
the Republic of Indonesia (Decree No. 693/KPTS/PK.230/M/9/2019). The parent line, IPB-D1, is known for its
adaptability to both intensive and free-range systems, showing efficient feed conversion ratios of approximately
2.88 (intensive) and 3.44 (free-range) [41]. The comparable performance of IPB-D3 chickens in both rearing
systems indicates a stable growth efficiency and adaptability of this improved local line across diverse
management conditions.
Effect of rearing systems on muscle microstructure

The significant increase in the myofiber cross-sectional area of the Fem muscle in free-range chickens
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suggests enhanced muscle activity and hypertrophy. This effect can be attributed to greater locomotor activity
and environmental stimulation in the free-range system, which promotes muscle fiber enlargement. Similar
findings were reported by Fu et al. [42], where the thigh muscle diameter was significantly higher in free-range
chickens than in caged counterparts at 26 weeks of age. Free-range conditions have also been associated with
increased thigh muscle development in Lueyang black-bone chickens [43]. However, since the initial myofiber size
at the start of this study was not measured, longitudinal evaluation across growth stages is recommended for
future work.

Comparative myofiber dimensions among chicken breeds

The current study provides the first characterization of myofibers in IPB-D3 chickens. The Pec fasciculus area
of IPB-D3 (1.83-1.95 x 10° um?) was slightly smaller than that of Pelung chickens (2.1 x 10° um?), one of its parental
lines. Similarly, the cross-sectional area of breast myofibers in IPB-D3 chickens (=1210-1300 um?) was smaller
than that of mature Pelung chickens (1937.74 pm? at 40-56 weeks, body weight =3 kg) [11]. Kampung chickens at
63 days (924 g) had smaller myofibers (960.56 pm?) [15], while broilers aged 21 days and weighing 48 g showed
even smaller fiber areas, ranging from 310.02 to 769.59 um? [13, 14, 22]. In Sentul chickens (12 weeks old), thigh
and breast myofiber diameters were 27.74 um? and approximately 39 um?, respectively. These comparisons
highlight the broad range of myofiber dimensions across chicken breeds, influenced by genotype, age, nutrition,
and muscle type [44]. Since meat quality is closely related to histological and biochemical muscle properties [45,
46], understanding fiber size variation is critical. Larger myofibers generally correlate with reduced tenderness
due to denser muscle texture [47].

Myofiber number and collagen distribution

The Pec muscle contained more myofibers per mm? than the Fem muscle, reflecting smaller fiber
dimensions. According to Scheuermann et al. [48] and Huo et al. [49], increased fiber number contributes to
higher breast meat yield, although fiber hypertrophy remains the dominant determinant of total muscle mass.
Other biological factors such as bone growth and fat deposition may also influence body weight, as noted by
Lawrence and Fowler [50] and Li et al. [51].

Histological observations revealed discontinuous intramuscular collagen fibers within the perimysium,
predominantly composed of thick fibers, while the EM consisted mainly of thin fibers. In the intensive rearing
system, the Fem muscle contained a higher proportion of intramuscular collagen than its free-range counterpart.
Variability in collagen deposition among samples suggests its contribution to meat texture and tenderness [52].
Thickened perimysial connective tissue is known to increase shear force values in various meats, including chicken,
whereas higher intramuscular fat content generally decreases shear force [53-55]. These findings indicate that
collagen composition, though important, is only one of several factors determining overall meat tenderness.

Type lIX myofiber characteristics and meat quality implications

High-intensity type [IX myofibers were more abundant in the Fem muscle of free-range chickens, suggesting
rearing-related differences in fiber-type distribution. Muscles with a predominance of type IIX fibers tend to
exhibit poorer meat quality, characterized by paler color, reduced water-holding capacity, and lower tenderness,
primarily due to enhanced glycolytic metabolism and a rapid postmortem pH decline [56-58]. The larger myofiber
cross-sectional area observed in the Fem muscle further supports the hypertrophy of fast-twitch fibers under
active movement. Du et al. [59] similarly reported that fast-growing chickens possess larger myofiber diameters
and a greater proportion of type Il fibers than slow-growing breeds. Type IIX fibers, identified as high-intensity
white fibers with low myoglobin content, are typically associated with coarser meat texture [60]. Intermediate-
intensity fibers may represent mixed fiber types, as seen in Ross 308 broilers and Xueshan chickens [23, 40, 61].
Such heterogeneity indicates the adaptive plasticity of skeletal muscles, where environmental and physiological
stimuli can induce fiber-type shifts [62—64]. The higher occurrence of type IIX fibers in the Fem muscle of free-
range IPB-D3 chickens may therefore influence the textural properties of thigh meat and warrants further
biochemical and sensory evaluation.

Morphological variation and myofiber maturity

The present study also noted that low-intensity stained myofibers were predominantly round, whereas high-
and moderate-intensity fibers exhibited polygonal shapes in both Pec and Fem muscles. Rounded fibers with
variable diameters are often indicative of regenerating or immature fibers, whereas polygonal fibers represent
mature, functionally stable myofibers [65, 66]. Soendenbroe et al. [61] associated round myofibers with type |
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fibers, consistent with the current observation that round fibers in IPB-D3 chickens showed low IHC intensity for
type IIX. However, all samples were negative for slow-type | myofiber staining, despite positive control reactivity
in Ross 308 and Xueshan chickens [23, 40]. This suggests that the IPB-D3 line predominantly consists of fast-twitch
fibers, though further molecular confirmation is required.

CONCLUSION

This study provides the first comprehensive evaluation of the growth performance and muscle histological
characteristics of the IPB-D3 chicken under intensive and free-range rearing systems. The findings revealed that
overall growth performance did not differ significantly (p > 0.05) between systems, confirming the adaptability of
IPB-D3 chickens to both management conditions. However, free-range rearing significantly increased the
myofiber cross-sectional area and the proportion of high-intensity type 11X fibers in the Fem muscle (p < 0.05),
suggesting enhanced muscle hypertrophy due to increased physical activity. Conversely, intensively reared
chickens exhibited higher intramuscular collagen deposition, particularly in thigh muscles, which could affect meat
tenderness. The Pec muscle contained a greater myofiber density per mm?, reflecting its smaller fiber size and
higher yield potential.

From a practical standpoint, these results indicate that IPB-D3 chickens can thrive efficiently in both intensive
and free-range systems, offering flexibility for smallholders and commercial producers. Free-range rearing
enhances muscle development and supports animal-welfare-oriented production, while intensive rearing
facilitates better carcass uniformity and improved management efficiency. These findings contribute to the
development of sustainable poultry systems that balance productivity, meat quality, and welfare — aligning with
Sustainable Development Goal (SDG 2; Zero Hunger) and SDG 12 (Responsible Consumption and Production).

The strength of this study lies in its integrated histomorphometric and IHC approach, which provides baseline
data for muscle fiber-type distribution and collagen structure in IPB-D3 chickens, a parameter previously
unreported in Indonesian composite breeds. However, certain limitations should be acknowledged: unequal sex
ratios, limited sample size, absence of longitudinal sampling, and lack of analyses of meat texture and gene
expression.

Future studies should incorporate molecular assays for MyHC isoforms, texture and sensory evaluations, and
growth-stage comparisons to better elucidate muscle plasticity and quality dynamics. Long-term assessments of
nutritional interventions and rearing environments are also warranted to optimize the IPB-D3 line for broader
production contexts.

In conclusion, the present findings underscore the dual potential of the IPB-D3 chicken as a robust,
adaptable, and fast-growing local breed suitable for both intensive and free-range systems, providing a valuable
foundation for advancing sustainable, welfare-friendly poultry production in Indonesia.
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