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ABSTRACT

Background: The Kokok Balenggek rooster (KBR), with its distinct phenotypes—Biriang, Balang, Kinantan, and
Kuriak—offers a unique opportunity to study variations in semen characteristics and protein profiles. Understanding
these variations can aid in the development of better management strategies for poultry breeding programs.

Aim: This study aimed to characterize the spermatozoa and seminal plasma protein profiles based on molecular
weight (MW) across four phenotypes of KBRs, focusing on semen parameters, such as motility, viability, and protein
concentration.

Methods: Semen samples were collected from the KBR of four phenotypes: Biriang, Balang, Kinantan, and Kuriak.
The parameters analyzed included semen volume, color, smell, consistency, sperm concentration, motility, viability,
abnormality, plasma membrane integrity, and protein concentration. Protein profiles of spermatozoa and seminal
plasma were analyzed using MW markers via gel electrophoresis.

Results: The results revealed significant variations in semen volume (p < 0.05) and protein concentration (p < 0.01),
with the Kinantan phenotype exhibiting the highest protein concentration (2.23 mg/ml). Sperm motility (p < 0.05)
and viability (p > 0.05) were highest in the Biriang, Balang, and Kinantan phenotypes, whereas the Kuriak phenotype
showed lower motility (64%, p <0.01). Protein profile analysis indicated the presence of proteins in sperm with MWs
of 10, 25-35, 3545, 45-65, and 100 kDa and in seminal plasma with MWs of 10, 20-25, 25-35, 45, 65, 75, 140, and
180-245 kDa, respectively, across all phenotypes.

Conclusion: This study highlighted variations in sperm characteristics and protein profiles among KBR phenotypes,
with the Kuriak phenotype showing lower motility, providing insights for improving genetic resource management
and semen preservation.
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Introduction

Spermatozoa and seminal plasma are critical
components of male fertility and reproduction, and

proteomic analysis (Zylbersztejn et al., 2013). These
proteins, which are secreted by various parts of the
male reproductive tract, including the seminal vesicles,

their protein profiles offer valuable insights into
the physiological and functional characteristics of
male gametes (Zylbersztejn et al, 2013; Selvam
and Agarwal, 2021). Understanding the protein
composition of spermatozoa and seminal plasma can
enhance our knowledge of sperm function, maturation,
and fertilizing potential (Mogielnicka-Brzozowska
et al., 2015; Apic et al., 2016). This study investigated
the protein profile of spermatozoa and seminal plasma
in Kokok Balenggek roosters (KBR), an Indonesian
indigenous breed, focusing on the molecular weight
(MW) of proteins in different phenotypes.

Seminal plasma, a complex biological fluid,
comprises lipids, carbohydrates, peptides, and proteins
(Zylbersztejn et al., 2013). The high protein content in
seminal plasma (35-55 g/I) makes it an ideal source for

vas deferens, periurethral glands, epididymis, and
prostate gland, play vital roles in sperm function and
fertilization (Apic et al., 2016). Proteomic studies of
seminal plasma have been used to identify biomarkers
for male infertility and to explore the molecular
mechanisms underlying sperm dysfunction (Feugang
et al., 2018). In avian species, the proteome of seminal
plasma has been studied in various species, including
chickens, with findings revealing proteins related to
energy metabolism, antioxidant defense, and sperm
function regulation (Lin et al., 2019; Li et al., 2020a).
However, little is known about the protein profile of
spermatozoa and seminal plasma in KBRs, a unique
breed of chicken indigenous to Indonesia.

KBRs are native to the Tigo Lurah District in Solok
Regency, West Sumatra. Known for their distinctive
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multilevel crowing, KBR roosters are considered a
cultural icon in the region (Masfi and Mafardi, 2022).
In addition to its unique vocalization, the KBR is a
breed with the potential to breed superior local broilers
(Husmaini et al., 2023). Despite its significance, the
population of the KBRR is dwindling, with only 1,960
individuals reported in 2021, leading to concerns
about genetic diversity and sustainability (Husmaini
et al., 2022). Conservation efforts, such as artificial
insemination (AI), have been initiated to improve
fertility and preserve this breed, with reported fertility
rates of 50.87% in KBR spermatozoa (Jaswandi et al.,
2023). However, the potential influence of KBR
phenotypic variation on reproductive quality requires
further investigation.

At the Faculty of Animal Science, Universitas Andalas,
four KBR phenotypes have been identified, each
exhibiting distinct coat colors and characteristics: Balang
(white fur with black spots), Biriang (red neck, back,
and loin), Kinantan (white fur, legs, beak, and neck),
and Kuriak (spotted plumage) (Muryanto and Pramono,
2014). These phenotypic differences may influence
spermatozoa quality, as observed in other species, where
traits such as feather color and comb size are linked to
sperm quality (Rahimpoor et al., 2016; Talebi et al.,
2018; Ananda et al., 2023, 2024). Furthermore, the role
of phenotypic variation in sperm quality among KBR
roosters has not been fully explored.

Al has revolutionized poultry breeding by improving
reproductive management and enabling the rapid
spread of superior genetic traits (Getachew, 2016;
Mohan et al., 2018). This technology has the potential
to enhance genetic quality and control venereal diseases
in poultry populations. Despite its success in other
breeds, Al in the KBR has not yet been widely applied,
highlighting the need for a deeper understanding of
sperm quality across different phenotypes.

Proteomic analysis has been increasingly applied
to identify sperm proteins and explore their roles in
fertility, spermatogenesis, and fertilization (Fuentes-
Albero et al., 2021). By profiling the protein content
of spermatozoa and seminal plasma, researchers can
uncover potential biomarkers for semen quality and
fertility prediction (Parvin et al., 2024). This study
aimed to characterize the protein profile of spermatozoa
and seminal plasma from four phenotypes of KBRs
based on MW, with the goal of providing insights into
the reproductive biology of this important Indonesian
breed.

Materials and Methods

Animal and semen collection

A total of 11 KBRs were selected for this study,
consisting of four Kinantan, three Biriang, two Kuriak,
and two Balang phenotypes. These numbers reflect the
limited availability of KBRs with specific phenotypes
in the population. The roosters are maintained at the
Faculty of Animal Science, Universitas Andalas, in

collaboration with conservation and research efforts
to preserve this unique genetic resource. All roosters
aged 1-2 years were in good health. Prior to semen
collection, the roosters were acclimatized for one week
in a controlled environment with a 12/12-hour light/
dark cycle and free access to clean water and feed.
Semen was collected using the abdominal massage
technique, as described by Arifiantini (2012).

Semen was collected twice a week from each rooster for
4 weeks. After each collection, the semen samples were
immediately transported to the laboratory on ice for
further processing. Sperm concentration and motility
were assessed immediately using a hemocytometer and
phase-contrast microscope at 400x magnification.
Semen evaluation

The characteristics of sperm were assessed using light
microscopy (Imager 2, Zeiss). The total motility and
vigor were evaluated at 10x magnification. Sperm
concentration was determined using a Neubauer
chamber and a 10 ml aliquot of semen diluted in 2 ml
of a saline solution containing 1% formalin (1,000x).
The percentage of live sperm was evaluated using
eosin-nigrosin and counting 100 cells/ejaculate under
a light microscope at 400x magnification. Wet smears
stained with eosin-nigrosin were prepared to evaluate
the percentage of live sperm and normal morphology.
Live and dead sperm were identified as colorless and
red colored. Sperm with deformed heads, broken
tails, or severed tails were considered abnormal. To
assess the percentage of sperm with an intact plasma
membrane, 50 pl of each ejaculate was incubated at
38°C for 45 minutes in 450 pl of a hyposmotic solution
(composed of 7.35 g sodium citrate and 13.5 g fructose
dissolved in 11 of distilled water). For each sample,
100 sperm were examined using light microscopy at
400x magnification, and those with a swollen tail were
considered to have a functional membrane.

Separation of spermatozoa and seminal plasma
Collected semen was processed to separate
spermatozoa from the seminal plasma. Semen samples
were centrifuged at 33,000 rpm for 45 minutes at 4°C
to pellet the spermatozoa. The supernatant, which
contained the seminal plasma, was carefully aspirated
and stored at —20°C until protein analysis.

The spermatozoa pellet was resuspended in 1 ml of
phosphate-buffered saline (PBS) and washed three
times by centrifugation at 3,000 rpm for 5 minutes.
After washing, the sperm was promptly processed for
extraction.

Protein extraction from seminal plasma and sperm
Protein was extracted from seminal plasma and
spermatozoa using a modified version of the method
described by Selvam and Agarwal (2021). For seminal
plasma, the supernatant was thawed and centrifuged
at 13,000 rpm for 15 minutes to remove residual
cellular debris. For spermatozoa, the cell suspension
was extracted with PRO-PREP™ Protein Extraction
Solution (iNtRON Biotechnology). The suspension
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was incubated on ice for 30 minutes with intermittent
vortexing. The lysate was then centrifuged at 13,000
rpm for 5 minutes at 4°C, and the supernatant containing
sperm proteins was collected and stored at —20°C until
further analysis.

Protein concentrations in the seminal plasma and sperm
were determined using the Bradford assay (Bradford
Protein Colorimetric Assay Kit, E-BC-K168-M). The
working solution was prepared by diluting Reagent
1 with distilled water (1:4), and the standard solution
was prepared by dissolving 0.563 mg of bovine serum
albumin with PBS. Blank materials (3,000 ul working
solution and 50 pl PBS), standards (3,000 ul working
solution and 50 pl standard solution), and samples
(3,000 pl working solution and 50 pl sample) were
each incubated at room temperature for 10 minutes.
The optical density (OD) was measured at a wavelength
of 595 nm using a spectrophotometer (Shimadzu, UV-
1800). The total dissolved protein concentration can be
calculated using the following formula:

Total Protein Concentration = A cxf

AAT1: OD sample—OD blank

AA2: OD standard—OD blank

c: Standard concentration (0.563 mg/ml)

f: Sample dilution factor

Protein profiling by SDS-PAGE

Protein profiles of the spermatozoa and seminal plasma
from each phenotype were analyzed using Sodium
Dodecyl Sulfate—Polyacrylamide Gel Electrophoresis
(SDS-PAGE). A total of 20 pg of protein from each
sample was mixed with NuPAGE™ LDS Sample
Buffer, boiled for 10 minutes at 75°C, and loaded onto
a 10% acrylamide gel (Q-PAGE™ TGN Precast Gel,
QP4210). Electrophoresis was performed at 110 V for
approximately 90 minutes, followed by staining with
Fast Coomassie Blue Staining Solution (Elabscience®)
overnight. The remaining stain was removed by soaking
the gel in ddH2O in a closed container and washing it
3 times. Protein bands on the gel were observed using
Gel Doc (iBright 1500, Invitrogen, Thermo Fisher Sci).
The read sample protein bands were compared with the
marker band (Excell band 3-color Broad Range Protein
Marker 3.5-245 kDA, SMOBIO® Technology, Inc.
Taiwan) to determine the protein MW.

Data analysis

Sperm characteristics are presented as averages and
standard deviations. The normality of the data was
checked using the Shapiro—Wilk test in IBM SPSS. The
data were statistically analyzed using a randomized
block design, followed by the Duncan multiple
range test in IBM SPSS to determine differences
between phenotypes. For percentage data, arcsine
transformation was applied before analysis using the
appropriate statistical tests in IBM SPSS. Protein data
were presented descriptively.

Ethical approval

The Faculty of Medicine, Universitas Andalas,
Indonesia’s ethical clearance committee helped secure
consent for the use of animals in research (Ethics no:
268/UN.16.2/KEP-FK/2024).

Result

The macroscopic characteristics of the semen of the
four Kokok Balenggek (AKB) rooster phenotypes
are presented in Table 1. The semen volume varied
significantly across phenotypes (p < 0.05), with the
highest volume observed in the Biriang phenotype (1.18
+ 0.72 ml), followed by Kinantan (0.99 + 0.39 ml),
Kuriak (0.40 + 0.17 ml), and the lowest in Balang (0.22 +
0.07 ml). All phenotypes had white-colored semen with
a specific smell and a thick consistency, except for the
Kuriak phenotype, which had a more fluid consistency.

Microscopic examination of sperm characteristics is
shown in Table 2. The highest sperm concentration
was found in the Kinantan phenotype (1.66 + 0.15 X
10°/ml), followed by Biriang (1.61 £ 0.30 x 10%/ml)
and Balang (1.41 = 0.11 x 10%ml), with the Kuriak
phenotype having the lowest concentration (0.62 +
0.14 x 10°/ml) (p < 0.05). Sperm motility was highest
in the Biriang, Balang, and Kinantan phenotypes (83%,
81%, and 82%, respectively), whereas the Kuriak
phenotype exhibited significantly lower motility (64%)
(p < 0.05). Viability percentages were similar across
all phenotypes, with no significant differences (ranging
from 91% to 93.66%) (p > 0.05). The percentages of
abnormalities were lowest in the Biriang and Balang
phenotypes (6.20% and 6.1%, respectively), whereas
the Kinantan and Kuriak phenotypes had slightly
higher abnormalities (8.46% and 7.20%, respectively)
(p > 0.05). Plasma membrane integrity was highest
in the Kinantan and Biriang phenotypes (79.60% and

Table 1. Microscopic characteristics of Kokok Balenggek roosters semen across different phenotypes.

Phenotype
Parameter
Biriang Balang Kinantan Kuriak
Volume (ml) 1.18 £0.722 0.22+£0.07° 0.99 £ 0.39* 0.40 £0.17¢
Color White White White White
Smell Specific Specific Specific Specific
Consistency Thick Thick Thick Thick/Thin

Different superscript letters (a, b, ¢) in the same row indicate statistically significant differences (p < 0.05).
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Table 2. Microscopic characteristics of Kokok Balenggek roosters semen across different phenotypes.

Phenotype
Parameter
Biriang Balang Kinantan Kuriak

Concentration(10°/ml) 1.61 £0.30? 1.41£0.11° 1.66 £ 0.15* 0.62 +0.14¢
Motility (%) 83 +£2.74* 81 +6.52° 82 +2.74* 64+4.18°
Viability (%) 92.26 +0.78° 92.52 +1.04° 93.66 +0.55° 91.00 + 0.63*
Abnormality (%) 6.20 £ 0.47° 6.1+ 1.36° 8.46 +0.57° 7.20 £ 0.46°
Membrane plasma intact (%) 79.20 + 3.85° 72.20 + 6.46° 79.60 +2.97° 67.40 +3.1°
Protein concentration mg/ml 1.90 +0.54 0.81+0,13 2.23+0.76 1.69 £+ 0.99

Different superscript letters (a, b, ¢) in the same row indicate statistically significant differences (p < 0.05).

Biriang

Kinantan

Kuriak Balang

Fig. 1. SDS-PAGE profile of spermatozoa proteins in Kokok Balenggek roosters.

79.20%, respectively), whereas the Kuriak phenotype
had the lowest membrane integrity (67.40%) (p <0.05).
The protein concentration was highest in the Kinantan
phenotype (2.23 + 0.76 mg/ml), followed by Biriang
(1.90 £ 0.54 mg/ml), Kuriak (1.69 + 0.99 mg/ml), and
Balang (0.81 £ 0.13 mg/ml) (p < 0.05).

Protein profiles in both spermatozoa and seminal
plasma from four Kokok Balenggek (AKB) rooster
phenotypes were analyzed according to MW.

As shown in Figure 1, sperm proteins with MWs of 10,
25-35, 3545, 45-65, and 100 kDa were identified in
all phenotypes (Kinantan, Biriang, Jalak, and Balang).
These proteins were consistently present across the
different phenotypes, indicating a common protein
profile in AKB sperm.

In seminal plasma, as presented in Figure 2, proteins
with MWs of 10, 20-25, 25-35, 45, 65, 75, 140, and
180245 kDa were detected in all phenotypes. Similar
to sperm proteins, these seminal plasma proteins were

found consistently across the Kinantan, Biriang, Jalak,
and Balang phenotypes, further suggesting a shared
protein profile among the different phenotypes.

Discussion

The semen characteristics of Kokok Balenggek
chickens observed in this study were slightly different
from those of previous research (Ananda et al., 2023,
2024; Jaswandi et al., 2023; Husmaini et al., 2024).
Specifically, the sperm concentration was higher in
our study, and the percentage of abnormalitics was
also higher. In contrast, the percentages of motility and
viability were relatively similar. These differences can
be attributed to variations in the methodology used or
to potential differences in environmental conditions.

Compared with Thai chickens, our results indicated
a lower sperm concentration and slightly lower
viability (Lewchalermvong et al., 2022). Despite these
differences, sperm quality in the four Kokok Balenggek
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Biriang

Kinantan

Kuriak  Balang

Fig. 2. SDS-PAGE profile of seminal plasma proteins in Kokok Balenggek roosters.

phenotypes studied remained within the reference
range for chickens. Similar findings were reported by
Shanmugam et al. (2012), whose research showed that
the volume of adult chickens ranged from 0.36 + 0.05
to 0.48 + 0.06 ml, with a viability range of 91.21% =+
1.49% to 92.12% + 1.90%, abnormality percentages
from 5.58% + 2.82% to 6.13% + 2.76%, and intact
plasma membrane percentages ranging from 87.54% +
1.75% to 89.65% = 1.60%.

The variations in sperm quality among the phenotypes
in this study are likely due to genetic differences, as
noted in several previous studies. Shanmugam et al.
(2012) and Tesfay et al. (2020) reported significant
differences in semen characteristics, such as volume,
appearance, motility, sperm concentration, and the
percentage of live and dead sperm, across different
genetic lines. Similarly, (Tarif ez al., 2013) found notable
differences in ejaculate volume, sperm motility, sperm
concentration, and the proportion of live sperm between
male chickens of different lines. According to (Rui
et al., 2017), low sperm motility could be associated
with lipid peroxidation, with chickens with low motility
having higher concentrations of malondialdehyde
than those with high motility. These findings suggest
that both genetic factors and environmental factors
play significant roles in determining semen quality in
Kokok Balenggek chicken. Further research is required
to explore the underlying genetic mechanisms and
environmental factors contributing to these differences.
This study identified several proteins with varying
MWs that may play critical roles in sperm quality and
fertility, particularly in KBRs. One such protein is
Complement C3 (180 kDa), which has been linked to
spermatozoa membrane modulation and capacitation.
Complement C3 can interact with Apolipoprotein Al

(APOA1), a component of high-density lipoprotein.
APOAL1 can interact with proteins in the flagella and
acrosomes of spermatozoa, influencing their function
(Jha et al., 2008; Boe-Hansen ef al., 2015).

Another protein of interest is arylsulfatase-a (MW 54-87
kDa), which plays a significant role in sperm membrane
stability and permeability (Diansyah ef al., 2022). This
protein, located on the sperm head, functions as a lectin
or hydrolase during the binding and penetration process
(Tumova et al., 2021). Aryl-sulfatase-a has been
suggested as a useful marker for sperm capacitation,
with proteins in the MW range of 180—140 kDa, such as
Insulin-like Growth Factor 1 (IGF-1) (150 kDa), being
involved in sperm characteristics. IGF-1 is known to
regulate cell growth, proliferation, and differentiation,
including the modulation of reproductive performance
(Tantibhedhyangkul ez al., 2002; Gomez-Torres et al.,
2021).

The protein N-acetyl B-glucosaminidase (MW 62-44
kDa), a glucose hydrolysis enzyme, has been identified
as essential during sperm maturation in the epididymis
(Moura et al., 2018). It plays a role in sperm—oocyte
interactions (Sakaguchi et al., 2009) and is associated
with sperm morphology and viability (Selvam
and Agarwal, 2018; Baharun ef al., 2023). These
proteins may contribute to the unique reproductive
characteristics of this breed.

Astacin-like  metalloendopeptidase (MW 35-45
kDa) is another important protein involved in oocyte
activation during fertilization. This protein, along
with Phospholipase C Zeta 1 (PLCZI), prevents
polyspermy by breaking the bond between the sperm
and the zona pellucida after fertilization (Sachdev
et al., 2012). While research on the role of Astacin-like
Metalloendopeptidase (ASTL) in sperm is limited, it
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is known to be involved in the digestion of the pre-
vitamin membrane in poultry (Li et al., 2020b). This
protein’s function may also be relevant to KBRs,
where the prevention of polyspermy and fertilization
mechanisms are critical for reproductive success.
Additionally, proteins in the MW range of 25-35 kDa,
such as matrix metalloproteinases, are important for
maintaining sperm viability by protecting membrane
integrity(Cabral-Pacheco et al., 2020). Clusterin, also
found in sufficient quantities in seminal plasma, serves
as an inhibitor of oxidative damage and sperm lysis,
thus maintaining sperm viability (Moura and Memili,
2016; Janiszewska et al., 2022; Modiba et al., 2022).
Antioxidant proteins like glutathione peroxidase also
contribute to sperm longevity by reducing oxidative
stress (Pei et al., 2023). The presence of these proteins
in KBR semen may play a significant role in enhancing
sperm survival and fertility outcomes.

The superoxide dismutase protein (MW 20-25 kDa)
is involved in oxidative phosphorylation, a critical
process in Adenosine Triphosphate (ATP) synthesis
following the Krebs cycle. Proteins such as succinate
dehydrogenase and cytochrome ¢ oxidase (COX) are
involved in this process and were found exclusively
in the single-comb sperm group in this study. COX
proteins play a crucial role in the mitochondrial
electron transport chain, which is essential for energy
production in sperm cells (Cunatova et al., 2020;
Fujisawa et al., 2024). Additionally, cytochrome c is
involved in various metabolic pathways, apoptosis, and
cell signaling processes, making it an essential protein
for cellular energy production and sperm function
(Choi et al., 2008).

Finally, proteins in the 10-15 kDa MW range, such
as Spermadhesin-1 and binding of sperm protein 1
(BSP1), are critical for sperm quality and fertility. BSP1
plays a significant role in semen cryopreservation by
binding to sperm, although its levels decrease during
cryopreservation (Iskandar et al., 2023). However, the
impact of cryopreservation and sperm viability may
vary depending on the diluent composition, as noted
by Zong et al. (2023). In KBRs, understanding the
dynamics of these proteins during semen storage and
cryopreservation may improve fertility outcomes.
These findings highlight the diverse range of
proteins involved in sperm quality, capacitation, and
fertilization, particularly in KBRs. Understanding the
roles of these species could provide valuable insights
into improving fertility management and semen
preservation techniques for this unique breed of poultry
(Shanmugam et al., 2014; Zhang et al., 1999).

Conclusion

This study examined the semen characteristics and
protein profiles of four KBR phenotypes, revealing
significant differences in semen volume, sperm
concentration, motility, and protein concentration. The
Kinantan and Biriang phenotypes exhibited the highest

sperm quality. Protein profiles across all phenotypes
showed consistent MW patterns, with five protein
bands in sperm and eight in seminal plasma, with no
variation between genotypes. Key proteins identified,
such as Complement C3, arylsulfatase-a, and IGF-
1, may play critical roles in sperm capacitation and
fertilization. These findings contribute to our
understanding of the reproductive biology of KBRs,
with implications for breeding, semen preservation,
and fertility management.
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