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ABSTRACT

Objective: The study characterized the sperm proteins of Kokok Balenggek roosters based on 
molecular weight patterns to investigate the relationship between sperm composition and semen 
quality.
Materials and Methods: Semen from 15 Kokok Balenggek roosters was collected and tested 
for standard quality indicators, including volume, motility, viability, abnormalities, and plasma 
membrane integrity (PMI). The protein content was measured, and the sperm protein profile was 
established by applying SDS-PAGE on a 10% polyacrylamide gel. In the next phase, the statistical 
correlation between the indicators of semen quality and the total protein levels, as well as the 
protein fractions defined by the molecular weight, was determined.
Results: Through the SDS-PAGE analysis, a total of 46 protein bands with molecular weights rang-
ing from 8 to ≥ 245 kDa were identified in KBR semen. The average volume of fresh semen was 
597.67 ± 325.20 µl, the motility was 80.78% ± 12.92%, the viability was 87.56% ± 5.33%, the 
abnormality was 10.60% ± 2.30%, and the PMI was 85.06% ± 5.37%. There was a forceful pos-
itive correlation between the number of protein bands and sperm motility (r = 0.91, p < 0.01). 
High molecular weight proteins (≥ 218–247 kDa) showed negative associations with motility and 
viability, while low molecular weight proteins (< 30–40 kDa) were linked to sperm quality param-
eters in a positive way. The previous studies propose that these molecular weight ranges may be 
indicative of BSP proteins (~28–32 kDa), glycoproteins (~40–42 kDa), HSP70/HSP90 (~60–75 kDa), 
SPAG6 (~72 kDa), and fibronectin or larger heat shock proteins (~200–250 kDa), among others.
Conclusion: The evaluation of KBR sperm proteins through their molecular weight profiles may 
yield initial clues to the potential semen quality markers, which is one of the main limitations of 
current research.
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Introduction

In poultry, the quality of semen and the efficiency of repro-
duction are the two primary factors that directly influ-
ence the breeding outcomes, such as fertility, productivity, 
and the preservation of genetic diversity, among others. 
For male chickens, evaluation of semen typically involves 
assessing plasma membrane integrity (PMI), motility, 
morphological abnormalities, and viability, all of which 
are closely related to the fertilization potential of females 

[1]. Of the semen quality parameters, sperm motility is 
the most important, as it indicates the sperm’s ability to 
reach the oocyte within the female reproductive tract. It 
is essential to keep the sperm alive and, at the same time, 
maintain the membrane integrity if the fertilization poten-
tial of the functional spermatozoa is to be preserved. On 
the other hand, changes in morphology may severely hin-
der reproductive performance [2–4]. The use of artificial 
insemination in studies with Kokok Balenggek roosters 
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(KBRs) has revealed that semen quality is the primary 
characteristic responsible for determining both fertility 
and hatchability [5,6].

In the primary semen assays, which are predominant, 
still considerable disadvantages that could lead to unfavor-
able results. Using a microscope to assess the movement of 
sperm, their concentration, and their shape provides the 
researcher with a basic description of the condition; how-
ever, this alone is not enough to give a complete picture of 
the sperm's functional capacity. As a result, some males 
of bird species, such as chickens, which exhibit normal 
semen characteristics, may still be sterile due to undetected 
molecular abnormalities during routine analyses [7,8]. 
Furthermore, the use of manual microscopy may lead to 
subjective interpretation and observer variability, resulting 
in the dullness of both reproducibility and predictive reli-
ability in semen assessments [9,10]. The use of technolo-
gies such as computer-assisted sperm analysis (CASA), flow 
cytometry, and fluorescence microscopy, among others, has 
significantly standardized sperm analysis [11]. However, 
CASA still primarily focuses on evaluating kinematic traits 
and clarifying the mechanistic basis of sperm function, 
although it is costly and less accessible in low-resource set-
tings, and remains restricted. Sperm dysfunction has been 
increasingly attributed to oxidative stress, which serves as a 
critical mediator influencing motility, viability, and fertiliza-
tion ability [12–15]. This trend calls for molecular methods, 
which not only provide conventional assessments but also 
capture the underlying biological processes beyond these.

One of the factors that affects the variation in semen 
quality is its regulation by hormones. The correlation 
between fecal testosterone levels and semen parameters 
has been observed in different KBR phenotypes, support-
ing this finding [16]. To clarify the role of testosterone, it 
first supports the process of spermatogenesis, and sec-
ondly, it impacts the production of some sperm-associated 
proteins related to energy and capacitation. Antioxidant 
supplementation studies in avian semen provide strong 
evidence for the interplay of hormones, redox balance, 
and protein expression, especially when oxidative stress 
prevails [17,18]. Proteomic analysis enables the identi-
fication of proteins that are indispensable for essential 
reproductive functions, such as fertilization, motility, the 
acrosome reaction, and capacitation. The proteins identi-
fied as potential fertility biomarkers include proAKAP4, 
phosphatidylethanolamine-binding protein 4, mitochon-
drial enzymes, and heat shock proteins, which are signifi-
cant in both avian and mammalian species [19–21]. Sperm 
proteins that exhibit different amounts in high-fertility and 
low-fertility males can serve as effective molecular mark-
ers in breeding programs for livestock species [22,23]. A 
recent study conducted by us defined sperm proteins and 
seminal plasma in relation to different Kokok Balenggek 

rooster phenotypes, revealing a significant diversity in 
protein expression within this local breed [24]. However, 
the protein molecular weights and their quality traits in 
KBRs have not been studied yet.

The technique of SDS-PAGE, which is a combination of 
sodium dodecyl sulfate and polyacrylamide gel electropho-
resis, allows for the separation of proteins based on their 
molecular weight, which is a simple and cheap method that 
helps researchers to acknowledge the distinct color bands 
of the proteins that might indicate the quality of the semen 
[24–26]. Mass spectrometry, a resolution technique, is still 
considered a high-resolution method for the precise iden-
tification of species with little prior research; nevertheless, 
SDS-PAGE is still recognized as a worthy method for ini-
tial protein analysis [27]. In the case of birds, the sperm 
protein profiles linked to fertility traits have been revealed 
through the use of SDS-PAGE, thus providing users with 
insights that extend beyond traditional semen evaluation. 
The native chicken breeds are not only significant from 
a genetic perspective, but they also provide a solid foun-
dation for sustainable poultry production in developing 
countries, primarily due to their ability to adapt, resistance 
to diseases, and socio-economic importance [28,29].

On the other hand, the distribution of commer-
cial breeds and crossbreeding poses a threat to their 
genetic diversity and may lead to genetic erosion [30]. 
Conservation measures need to be implemented, and an 
extensive characterization of native breeds should be con-
ducted to protect biodiversity and preserve traits that can 
be utilized for future breeding strategies. In Indonesia, the 
Kokok Balenggek rooster is distinguished by its unique 
crowing, adaptability, and reproductive power [31,32]. 
Research on KBR sperm has provided information about 
its quality parameters and storage conditions in various 
diluents, indicating that it is a suitable candidate for arti-
ficial insemination applications [33]. However, there has 
been limited molecular data available on the sperm pro-
tein composition.

The researchers of this study proposed that there is a 
connection between certain molecular weights of sperm 
proteins and quality traits of semen in KBRs. The research 
focused on characterizing sperm proteins through SDS-
PAGE and their relationship to semen parameters. Thus, 
new molecular insights into the reproductive biology of 
roosters were gained, and at the same time, the conserva-
tion of native chicken breeds and their genetic improve-
ment were supported.

Materials and Methods

Ethical  approval 

The Research Ethics Committee of the Faculty of Medicine, 
Universitas Andalas, Indonesia, reviewed and approved 
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all procedures involving animals conducted in this study 
(Approval No: 473/UN.16.2/KEP-FK/2024) approval date: 
3 December 2024.

Experimental animals and management

This study utilized 15 KBR (Gallus gallus domesticus) aged 
2–3 years, with an average body weight of 1.4 ± 0.3 kg. All 
roosters were healthy and free from any physical defects. 
Each bird was housed individually in a battery cage (45 × 50 
× 60 cm) at the Poultry Unit, Universitas Andalas, Padang, 
Indonesia. The birds were fed a commercial breeder feed 
(ABS Crumble, JAPFA Comfeed Indonesia) supplemented 
with vitamins in the drinking water, provided ad libitum. 
Feeders and drinkers were maintained and cleaned daily, 
ensuring constant access to fresh water.

Semen collection and evaluation

The semen of each rooster was collected three times at 3-day 
intervals using the dorso-abdominal massage method [34]; 
thus, a total of 45 ejaculates was produced. Collected ejac-
ulates were placed in sterile microtubes, labeled, and ana-
lyzed for macroscopic traits (consistency, volume, pH, color, 
and odor) as well as microscopic traits, which included PMI, 
mass movement, concentration, abnormality, motility, and 
viability, according to established protocols [35–38]. Sperm 
motility was quantified as the percentage of progressively 
motile sperm using a light microscope (Axiocam HRc, Carl 
Zeiss, Germany) at 400x magnification, while mass move-
ment was scored from—(absent) to +++ (excellent). After 
semen dilution in 3% NaCl, sperm concentration was deter-
mined using a hemocytometer. Viability and abnormal mor-
phology were examined through eosin–nigrosin staining, 
and PMI of 200 spermatozoa was assessed via the hypo-os-
motic swelling test under phase-contrast microscopy.

Protein extraction from sperm cells

Ejaculates with motility of 70% or more were subjected to 
centrifugation after three consecutive washes with (phos-
phate-buffered saline) at 4°C to separate sperm cells from 
seminal plasma. The sperm pellets from each collection 
were stored at –20°C until needed. At the end of the collec-
tion period, three frozen sperm pellets from each rooster 
were thawed and combined to create a sample that rep-
resents each individual, thereby yielding 15 final sperm 
samples for protein analysis. Sperm pellets were preserved 
using the freezing method at −20°C without any cryopro-
tectants until pooling, simulating the typical conditions of 
semen storage prior to artificial insemination research pro-
cessing, while also acknowledging that freezing-thawing 
could affect certain membrane proteins. Using PRO-PREP™ 
Protein Extraction Solution (iNtRON Biotechnology, Seoul, 
Korea), samples were resuspended, homogenized, and 

incubated at –20°C for 20 min, followed by centrifugation 
at 13,000 rpm for 5 min at 4°C; the supernatant enriched 
with extracted proteins was harvested and preserved at 
–20°C until further use [37,38].

Protein quantification

Using a spectrophotometer (UV-1800, Shimadzu, Kyoto, 
Japan), absorbance at 595 nm was measured after deter-
mining the total protein concentration via the Bradford 
assay, with bovine serum albumin (BSA; Sigma-Aldrich, St. 
Louis, MO, USA) used as the reference standard [35].

SDS-PAGE and molecular weight estimation

Using SDS-PAGE, proteins extracted from spermato-
zoa were resolved on precast 10% polyacrylamide gels 
(Q-PAGE™, SMOBIO, Taiwan). The 10% gel concentration 
was selected because it provides reliable resolution for 
proteins in the 10–245 kDa range, which was the primary 
focus of this study. Equal amounts of protein (approximately 
25 µg in 20 µl per lane) were loaded to ensure comparable 
band intensity across samples, based on normalization of 
protein concentrations obtained from the Bradford assay. 
After denaturing the sample proteins at 70°C for 10 min 
in NuPAGE™ LDS Sample Buffer (Thermo Fisher Scientific, 
Waltham, MA, USA), they were loaded into gel wells along 
with a prestained molecular weight marker (ExcelBand™, 
SMOBIO, Hsinchu, Taiwan). Electrophoresis was carried 
out for 90 min at 110 V using a BIO-RAD vertical system 
(Hercules, CA, USA). Following overnight staining with Fast 
Coomassie Blue (Elabscience, Wuhan, China) and rinsing 
in distilled water, the gels were visualized using the iBright 
1,500 imaging system (Thermo Fisher Scientific, Waltham, 
MA, USA). The relative migration of each protein band 
was quantified using ImageJ (NIH, Bethesda, MD, USA) 
and compared to the molecular weight standards. Protein 
molecular weights were subsequently calculated with a 
polynomial regression formula:

y = 1.8675x⁴ − 15.542x³ + 24.547x² − 15.512x + 5.2107; 
   R² = 0.9998

where y corresponds to log molecular weight (kDa) and x 
represents the measured R

f. The regression curve was gen-
erated specifically from the marker bands (Fig. 1).

Data analysis

The various traits of semen quality were initially sum-
marized with descriptive statistics defined as mean ± SD. 
To detect significant differences between single roosters, 
a one-way ANOVA was performed, followed by Duncan's 
multiple range test to separate means where significant 
differences were found (p < 0.05). A Pearson's correla-
tion test, conducted using SPSS version 25.0 (IBM Corp., 
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Armonk, NY, USA), was utilized to investigate the relation-
ships among semen quality factors, protein concentration, 
and protein bands of different molecular weights. The con-
sideration of effect sizes was also made to enhance the sta-
tistical interpretation [38].

Results and Discussion

Quality of fresh semen from Kokok Balenggek roosters

The average semen volume of KBR was 597.67 ± 325.20 µl, 
as shown in Table 1, which presents the characteristics of 
fresh semen. This value exhibits high variability, with the 
standard deviation accounting for almost 54% of the mean. 
This variability indicates the possibility of outliers or indi-
vidual physiological differences among roosters; if not using 
statistical methods such as outlier diagnostics, this may 
skew the interpretation of correlations. However, the val-
ues observed were within the wide range reported in other 
indigenous breeds, such as 0.05–1.0 ml in Castellana chick-
ens [39], 0.22–0.36 ml in Thai natives [40], and ~0.6 ml in 
Tanzanian Horasi ecotypes. The semen was characterized 
by a neutral to slightly alkaline environment, having a mean 
pH of 7.11 ± 0.24, which was considered optimal for sperm 
viability. The averages of the motility, viability, and PMI were 
80.78% ± 12.92%, 87.56% ± 5.33%, and 85.06% ± 5.37%, 
respectively, while the sperm abnormality was 10.60% ± 
2.30%, which is quite low. These characteristics exceed the 
threshold for artificial insemination, where a motility of 
70% is required for acceptable fertility [41]. In Kedu, Sentul, 
and Kampung chickens, similar values have been reported 

with motility of 75%–85% and viability of nearly 90% 
[42,43]. The variation among individuals (Table 2) is antic-
ipated in native breeds, wherein genetic diversity and envi-
ronmental adaptation promote phenotypic variation [44]. 
Climatic and environmental factors are of great importance, 
as high temperatures and humidity reduce motility and 
sperm concentration in tropical birds [45]. These factors 
underscore the need for multiple sampling points rather 
than single-point sampling in semen studies. Moreover, the 
quality of the semen must be assessed in conjunction with 
the management practices: over-restraining, inefficient col-
lection techniques, or stress during handling may reduce 
the quality of the ejaculate without affecting the inherent 
sperm characteristics. An increase in corticosterone due to 
stress has been demonstrated to affect testicular function 
and sperm physiology in birds and mammals, indicating the 
need to consider behavioral and management factors when 
determining semen quality.

Protein concentration and SDS-PAGE profiles of sperm 
proteins

Table 2 illustrates that the concentration of sperm pro-
tein in Kokok Balenggek male chickens varied between 
0.22 and 0.99 mg/ml, with an average value of 0.66 ± 0.19 
mg/ml. The nearly a five-fold difference in concentrations 
among males indicates a significant physiological variation 
among the birds. Such variations might be due to differ-
ences in testicular activity, spermatogenic efficiency, or 
sperm protein turnover. For instance, the intake of dietary 
antioxidants, the burden of oxidative stress, and the age of 
males have been associated with the level of sperm protein 
in poultry and livestock [14,23]. Another factor that might 
influence sperm protein levels is the season. Chickens 

Figure 1. Standard calibration curve for SDS-PAGE. Protein 
markers (PM2700, SMOBIO, Taiwan) were used to correlate the 
relative migration distance (Rf) with the logarithm of molecular 
weight (kDa). Using ImageJ software, the molecular weights 
of the sperm protein bands in KBr were calculated based on a 
polynomial regression equation (R² = 0.9998), confirming the 
high precision of the estimation.

Table 1. Fresh semen characteristics of Kokok Balenggek 
roosters.

Semen evaluation parameters Mean

Macroscopic characteristics

 Volume (µl) 597.67 ± 325.20

 Odor Rooster-specific

 pH 7.11 ± 0.24

 Color Milky White

 Consistency Thick

Microscopic characteristics

 Mass Movement ++

 Motility (%) 80.78 ± 12.92

 Concentration (10⁹/ml) 1.99 ± 1.14

 Viability (%) 87.56 ± 5.33

 Abnormality (%) 10.60 ± 2.30

 Plasma Membrane Integrity (%) 85.06 ± 5.37
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subjected to heat stress develop a different seminal protein 
profile, with an increased amount of chaperones and stress 
proteins [45]. Hence, such variations in sperm, indicated by 
changes in protein concentration, are considered biologi-
cally acceptable, and at the same time, they provide insight 
into the complexity of regulating the sperm proteome.

During the SDS-PAGE analysis, a total of 46 protein 
bands were detected with an approximate weight ranging 
from 10 kDa to 245 kDa, as depicted in Table 3 and Figure 2. 
The main groups that were expressed the most consistently 
were from the middle weight ranges: 59–45 kDa (93.3% of 
the samples), 44–35 kDa (73.3%), and 34–25 kDa (73.3%). 
The mentioned ranges have been previously associated 
with sperm motility and fertilization in birds and mammals 
[26,46]. The low-molecular-weight proteins (~28–32 kDa) 
are probably those that belong to BSPhomologs, which are 
responsible for sperm-egg binding and capacitation [47], 
while the proteins in ~40–42 kDa are those glycoproteins 
that help in perivitelline penetration [48]. The proteins 
at the intermediate level (~60–75 kDa) are composed of 
HSP70/90 chaperones and SPAG6, with the former being 
the dominant ones in the flagellum's operation and the lat-
ter playing a role in resistance to stress [49]. Fibronectin 
and large heat shock proteins, for example, high-molecu-
lar-weight proteins exceeding 200 kDa, may be indicative of 
structural or stress-related processes; however, their high 
levels have been negatively associated with semen quality 
in several species [50]. The existence of the proteins in the 

sample, however, is still uncertain. SDS-PAGE simply gives 
a separation based on the approximate molecular weight, 
and without densitometry, Western blotting, or mass spec-
trometry, the identities of the candidate proteins cannot be 
confirmed. Therefore, the correlations stated here must be 
viewed as suggestive rather than conclusive. Rooster fertil-
ity will be a topic for which the specific proteins involved 
and their functional roles will be validated by future stud-
ies using LC-MS /MS or targeted immunodetection.

Correlations between protein profiles and semen quality 
traits

A correlation analysis conducted on the dataset from the 
experiment yielded three key findings (Table 4). First, 
a moderate correlation was observed between protein 
concentration and motility (r = 0.42); meanwhile, the cor-
relations to viability (r = −0.199), PMI (r = −0.213), and 
abnormality (r = 0.103) were all of a weak nature. It follows 
that the total protein content supports motility, perhaps 
through energy metabolism, but does not have a direct 
impact on cell survival or morphology. In fact, motility is 
dependent on and supported by glycolytic and oxidative 
phosphorylation pathways that are activated by adenosine 
triphosphate (ATP) synthase, GAPDH, and other metabolic 
proteins [23,51]. On the other hand, viability is predomi-
nantly influenced by the level of oxidative stress, age, and 
environmental conditions [4,45]. The results suggest that 
it is crucial to exercise caution in not overemphasizing 

Table 2. Individual semen quality and sperm protein concentration of Kokok Balenggek roosters.

Rooster ID Sperm Motility (%) Sperm Viability (%) Sperm Abnormality (%) Sperm PMI (%) Sperm PC (mg/ml)

BR1 90.00 ± 0.00a 92.67 ± 0.76a 11.33 ± 0.76a 89.67 ± 0.29a 0.22

BR2 85.00 ± 5.00abc 89.00 ± 1.00bcd 9.00 ± 1.00a 87.33 ± 1.26bc 0.57

BR4 85.00 ± 0.00abc 85.67 ± 1.04e 10.50 ± 2.50a 83.33 ± 0.29e 0.81

BR5 86.67 ± 2.89ab 88.67 ± 0.29bcd 10.67 ± 1.76a 85.33 ± 0.29cde 0.99

BR6 71.67 ± 2.89d 88.50 ± 2.00bcd 9.00 ± 2.00a 86.33 ± 1.76bcd 0.25

BR7 86.67 ± 2.89ab 90.67 ± 1.26b 11.33 ± 2.25a 88.33 ± 1.26ab 0.72

BR8 81.67 ± 2.89bc 88.00 ± 0.50cd 10.33 ± 1.26a 86.00 ± 0.50cd 0.71

JK1 80.00 ± 0.00c 87.50 ± 1.50de 10.50 ± 3.00a 84.17 ± 1.26de 0.72

KN1 81.67 ± 2.89bc 88.33 ± 1.76cd 10.33 ± 0.76a 86.33 ± 1.26bcd 0.69

BL1 86.67 ± 2.89ab 89.50 ± 0.50bcd 9.67 ± 2.75a 87.00 ± 1.00bc 0.72

BR10 81.67 ± 2.89bc 88.00 ± 1.00cd 12.00 ± 1.00a 86.00 ± 1.50cd 0.66

JK2 86.67 ± 2.89ab 90.00 ± 0.50bc 9.33 ± 0.76a 86.50 ± 1.00bc 0.66

JK3 36.67 ± 5.77e 69.00 ± 1.50f 16.33 ± 1.76b 66.33 ± 1.76f 0.70

KN2 86.67 ± 2.89ab 88.17 ± 1.76cd 9.33 ± 1.26a 85.67 ± 1.76cd 0.72

BL2 85.00 ± 5.00abc 89.67 ± 0.29bcd 9.33 ± 0.76a 87.50 ± 1.00bc 0.73

Mean ± SD 80.78 ± 12.92 87.56 ± 5.33 10.60 ± 2.30 85.06 ± 5.37 0.66 ± 0.19

PMI = sperm plasma membrane integrity; PC = protein concentration; Means in a column with different superscripts a and b differ 
significantly (p < 0.05).
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protein concentration as a predictor of fertility. Its moder-
ate impact on motility is of biological importance but not 
enough to qualify it as a standalone biomarker.

Second, the number of protein bands presented a very 
strong positive correlation with motility (r = 0.91), indicat-
ing that the diversity of the proteome is a supporting factor 
in sperm function. Roosters exhibiting a wider spectrum 
of protein expression were more often characterized by 
increased motility, which likely indicates that their metabolic 
and structural pathways are robust and exhibit some degree 

of overlap. Similar trends have been observed in indigenous 
poultry and livestock, where protein diversity has been 
associated with predicting higher fertility outcomes [52]. 
Nevertheless, correlations with viability (r = 0.133), PMI 
(r = 0.100), and abnormality (r = 0.314) were weak and 
statistically non-significant, thus emphasizing that traits 
other than motility are less reliant on proteomic variation 
and more controlled by intrinsic genetics or spermatogenic 
fidelity. The analysis of molecular weight categories, the 
third point, indicated that high molecular weight proteins 

Table 3. Distribution of sperm protein bands by molecular weight in Kokok Balenggek roosters.

MW (kDa) Rooster ID  Protein Absence* 

BR1 BR2 BR4 BR5 BR6 BR7 BR8 JK1 KN1 BL1 BR10 JK2 JK3 KN2 BL2 

≥ 245 − − − − − − − − − − − − + − − 1/15 (6,7)

244–180 − − − − − − − − − − − − + − − 1/15 (7,7)

179–140 − − − − − − − − − − − − − − − 0/15 (0)

139–100 − − − − − − − − − − − − − − − 0/15 (0)

99–75 − − − − − − − − − − − − − − − 0/15 (0)

74–60 + − − − − + − − − − − − − − − 2/15 (13,3)

59–45 + + + + + + + + + + + + + − + 14/15 (93,3)

44–35 + − − + − − − − − − + + − − − 4/15 (26,7)

34–25 + + + + + + − + + + + − − + − 11/15 (73,3)

24–20 − − − − − − − − − − − − − − − 0/15 (0)

19–15 − − − − − − − − − − − − − − − 0/15 (0)

14–10 − − − − − − − − − − − − − − + 1/15 (6,7)

≤ 9 + + + + + + + + + + + + − − − 12/15 (80)

Σ Bands 5 3 3 4 3 3 4 2 3 3 4 3 3 2 1 46/195 (0,3)

*= n (%); MW= molecular weight; + = protein expressed; − = protein non-expressed.

Figure 2. SDS-PAGE analysis of sperm protein profiles from Kokok Balenggek roosters. A 10% polyacrylamide gel 
was used to separate the protein bands. Lanes BR1–BL2 corresponded to individual Kokok Balenggek roosters, and 
PM2700 (SMOBIO, Taiwan) served as the molecular weight reference in the leftmost lane, ranging from 10 to 245 
kDa. Gels were documented using the iBright imaging system (Thermo Fisher Scientific).
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(218–247 kDa) had a negative correlation with sperm motil-
ity, viability, and PMI counting, whereas they had a positive 
correlation with abnormality. This suggests that stress-re-
lated proteins being overexpressed may lead to impairment 
of sperm function. On the contrary, proteins in the range 
of 30–75 kDa, including HSP70/90, SPAG6, and glycolytic 
enzymes, were those for which semen quality was favorable 
throughout the study. The study results have categorized 
mid-range proteins as potential biomarker candidates, but 
the final identification is dependent on mass spectrometry 
validation. It should always be taken into account that these 
were purely associative findings and not causal ones. The 
non-triviality of the Type I error risk arises from the fact 
that no adjustments were made to multiple correlations 
tested at once. Moreover, the lack of replicates and the use of 
densitometry make the band quantification less robust. It is 
necessary to conduct further studies using regression mod-
eling, mediation analysis, and a larger sample size to deter-
mine whether some proteins directly influence motility or 

if both are simply co-regulated by broader physiological 
processes.

Biological interpretation and integration with reproductive 
physiology

The mentioned relationships correspond to the broader 
reproductive mechanisms. Proteins with molecular 
weights of 30–75 kDa are functionally connected to energy 
metabolism and flagellar movement. GAPDH and ATP syn-
thase are the entry points of the glycolytic and oxidative 
phosphorylation pathways, respectively, supplying the 
ATP necessary for motility. SPAG6 stabilizes the axonemal 
structure, while HSP70/90 facilitates protein folding and 
protects proteins from oxidative stress. Thus, the positive 
relationships between these proteins and motility signal 
the very well-acknowledged functional pathways (Table 5). 
On the other hand, the negative correlations with high-MW 
proteins point towards a stress-related phenotype. The 
expression of large chaperones, such as HSP90A, has been 

Table 4. Correlation coefficients (r) and p-values (p) between sperm protein concentration, number of protein bands, 
molecular weight of sperm proteins, and semen quality parameters in KBr.

Parameter / Protein MW (kDa) Motility (r, p) Viability (r, p) Abnormality (r, p) PMI (r, p)

Protein concentration (mg/ml) 0.042, 0.881 −0.199, 0.478 0.103, 0.715 −0.213, 0.446

Protein bands (n) 0.091, 0.746 0.133, 0.636 0.314, 0.254 0.100, 0.723

247 kDa −0.943**, 0.000 −0.956**, 0.000 0.867**, 0.000 −0.958**, 0.000

218 kDa −0.943**, 0.000 −0.956**, 0.000 0.867**, 0.000 −0.958**, 0.000

61 kDa 0.237, 0.394 0.311, 0.259 0.162, 0.563 0.297, 0.283

54 kDa −0.075, 0.789 0.018, 0.949 0.144, 0.609 0.024, 0.932

42 kDa 0.263, 0.344 0.264, 0.341 0.079, 0.779 0.210, 0.452

31 kDa 0.403, 0.136 0.399, 0.141 −0.229, 0.412 0.408, 0.132

11 kDa 0.126, 0.655 0.032, 0.911 −0.192, 0.493 0.031, 0.911

8 kDa 0.435, 0.105 0.490, 0.063 −0.326, 0.236 0.487, 0.066

PMI=Plasma Membrane Integrity; r = Pearson correlation coeff. p = p-value (2-tailed).
**Significant correlations: **p < 0.05; p < 0.01.

Table 5. Candidate sperm proteins and their potential roles in semen quality of KBr.

Molecular weight 
(kDa) 

Candidate protein Reported function Species studied References

~28–32 BSP proteins (Binder of Sperm, 
e.g., BSP-A1/A2, BSP-A3)

Capacitation, sperm storage, 
sperm–egg binding

Bull, boar, suggested 
in poultry

[47,55]

~40–42 Glycoproteins (e.g., sperm–egg 
binding proteins)

Sperm activation, perivitelline 
layer penetration

Chicken, quail [48]

~60–75 HSP70/HSP90 variants Stress response, protein folding, 
sperm protection

Bull, chicken, human [50,56]

~72 SPAG6 (Sperm-associated antigen 
6)

Flagellar structure and function, 
motility regulation

Rooster, human [49]

~200–250 Fibronectin, large HSPs Structural support, sperm–oviduct 
interaction, capacitation

Chicken, mammal [53,54]

Note: Although these candidate proteins have not all been experimentally confirmed in KBr, they are inferred from prior studies in poultry 
and mammals as potential functional equivalents that may play similar roles in sperm physiology.
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associated with impaired sperm motility in bulls and infer-
tility in poultry [50,53]. At around 250 kDa, fibronectin 
is the protein that facilitates sperm-oviduct interactions. 
However, its change in expression may disrupt both capac-
itation and sperm storage [54]. These claims suggest that 
the mid-MW proteins, despite being mostly supportive of 
sperm function, might get excessively expressed and thus 
signal cellular stress or dysregulation.

The role of oxidative stress becomes very significant 
within this context. Reactive oxygen species deteriorate the 
membrane and weaken the DNA, leading to the death of the 
sperm and a decrease in the PMI even when motility is still at 
an acceptable level. Some of the proteins that have been ten-
tatively identified, such as HSP90 and antioxidant enzymes, 
are all part of the defense mechanism against oxidative dam-
age, thus connecting the proteomic profile to sperm survival 
pathways [12,15]. This raises an issue that has not been 
fully examined yet: the transition from motility to diverse 
protein expression is the primary reason for the latter's vul-
nerability to oxidative imbalance, which also explains the 
weak negative correlations with total protein concentration 
observed in this study. The breeding process not only has to 
take into account the psychological and behavioral factors. 
It is possible that the indigenous roosters that were sub-
jected to the repeated collection of semen experienced the 
stress of handling, which in turn raised the levels of corti-
costerone and negatively affected the testicles. It has been 
known that stress can affect protein expression, regardless 
of fertility level, resulting in a misleading interpretation 
of the observed associations. Stress-mitigation strategies 
should be incorporated into breeding management, as they 
will help ensure that the proteomic biomarkers reflect the 
true reproductive potential and not just handling artifacts.

Limitations and future perspectives

This research is the first systematic evaluation of sperm pro-
tein profiles in Kokok Balenggek roosters; however, it is lim-
ited by a few factors. The high variation in semen traits, first 
of all, necessitates larger sample sizes and multiple measures 
to account for outliers and environmental effects in the case. 
Secondly, SDS-PAGE gives only approximate protein separa-
tion; without densitometry or replicates, quantification is 
limited, and protein identification remains speculative. The 
associations presented here are therefore provisional and 
require confirmation using LC-MS/MS or Western blotting 
with specific antibodies. Thirdly, multiple correlation test-
ing increases the risk of Type I error. Although effect sizes 
like r = 0.91 are very persuasive, stronger inferences require 
statistical adjustments and scatter plot validation. The study, 
however, despite these limitations, has laid down the foun-
dation that motility is the semen characteristic most consis-
tently related to protein profiles, especially in the 30–75 kDa 
range. The future research is suggested to be carried out in 

the manner of (i) validating the candidate proteins through 
proteomics, (ii) incorporating oxidative stress markers and 
hormonal profiles, and (iii) examining protein expression 
influenced by season and management practice. Such strat-
egies will enhance the mechanistic understanding of rooster 
fertility and, simultaneously, increase the applicability of pro-
teomic markers for conservation and breeding programs.

Conclusion

The first characterization of sperm protein profiles in 
the Kokok Balenggek roosters and their correlation with 
semen quality formed the basis of this study. The ejaculates 
presented high motility, viability, and plasma membrane 
integrity, while the SDS-PAGE analysis exhibited protein 
bands in the range of 30–75 kDa, which were positively 
correlated with motility. On the contrary, the high-mo-
lecular-weight proteins (> 200 kDa) were negatively cor-
related with semen quality traits. Thus, it can be inferred 
that mid-range proteins may contribute to reproductive 
performance, while large proteins may indicate stress-re-
lated processes. Nonetheless, the results need to be inter-
preted with caution, as the correlations are associative and 
not causal, and the identification of proteins by SDS-PAGE 
remains tentative without validation via LC-MS/MS or 
Western blotting. Additionally, differences between males 
and the potential effects of stress and environmental fac-
tors may obscure the observed relationships. In conclusion, 
the study provided a valuable basis for further research 
into the fertility of indigenous cocks. However, verifying 
the selected candidates and enhancing their use in breed-
ing and conservation programs would necessitate the inte-
gration of state-of-the-art proteomic tools, oxidative stress 
markers, and seasonal aspects in future research.

List of abbreviations

AI, artificial insemination; ANOVA, analysis of variance; 
ATP, adenosine triphosphate; BSP, binder of sperm pro-
tein; DNA, deoxyribonucleic acid; GAPDH, glyceralde-
hyde-3-phosphate dehydrogenase; HMW, high molecular 
weight; HOST, hypo-osmotic swelling test; HSP, heat shock 
protein; KBR, Kokok Balenggek rooster; LC-MS/MS, liquid 
chromatography–tandem mass spectrometry; MW, molec-
ular weight; PBS, phosphate-buffered saline; PMI, plasma 
membrane integrity; SD, standard deviation; SDS-PAGE, 
sodium dodecyl sulfate–polyacrylamide gel electrophore-
sis; SPAG6, sperm-associated antigen 6; SPSS, statistical 
package for the social sciences. 

Acknowledgment

We gratefully acknowledge the facilities and technical sup-
port provided by the Laboratory of Animal Biotechnology, 

http://bdvets.org/javar/


http://bdvets.org/javar/	�  1438Jaswandi et al. / J. Adv. Vet. Anim. Res., 12(4): 1430–1440, December 2025

Faculty of Animal Science, Universitas Andalas, and 
the Genomic Laboratory of the National Research and 
Innovation Agency (BRIN) for assisting with the SDS-PAGE 
analysis. No external financial support was involved in this 
study, which was funded solely by the authors themselves.

Conflicts of interest

No conflicts of interest were identified or declared by the 
authors in relation to this research.

Authors' contributions

The idea and design of the research were made by J and A. 
HG and A performed all lab work, including the collection 
of semen. TM and EMK contributed to protein character-
ization and analytical data interpretation. R was the one 
supervising the research and confirming all the findings. A 
wrote the first version of the paper, while all authors (J, HG, 
TM, EMK, R, and A) took part in the manuscript editing and 
gave their final approval for publication.

References 
[1]	 Zhang J, Kwon T, Kim S, Jeong D. Plasma farming: non-thermal 

dielectric barrier discharge plasma technology for improving the 
growth of soybean sprouts and chickens. Plasma 2018; 1(2):285–
96; https://doi.org/10.3390/plasma1020025 

[2]	 Ruiz ED, Bermejo JVD, Jurado JML, González FJN, Arbulu AA, 
Guzmán JFB, et al. Effect of supplementation of a cryopreserva-
tion extender with Pectoliv30 on post-thawing semen quality 
parameters in rooster species. Antioxidants 2024; 13(8):1018; 
https://doi.org/10.3390/antiox13081018 

[3]	 Getachew T, Goshu G, Lemma A. Effects of commercial and home-
made extenders on post-thaw sperm quality and fertility of 
semen from Horro chicken breed. World Vet J 2023; 13(2):341–7; 
https://doi.org/10.54203/scil.2023.wvj37 

[4]	 Juiputta J, Loengbudnark W, Koedkanmark T, Chankitisakul V, 
Boonkum W. Determining the priority semen characteristics and 
appropriate age for genetic improvement in Thai native roosters. 
PLoS One 2025; 20(4):e0319537; https://doi.org/10.1371/jour-
nal.pone.0319537 

[5]	 Jaswandi J, Ananda A, Rusfidra R, Subekti K, Gusdinal H, Sri 
Wahyuni, R, et al. Fertility rate, fertility period, and DOC sex ratio 
of Kokok Balenggek chicken after artificial insemination. Adv 
Anim Vet Sci 2023; 11(5):795–801; https://doi.org/10.17582/
journal.aavs/2023/11.5.795.801 

[6]	 Ananda A, Jaswandi J, Rusfidra R, Gusdinal H. Sperm longevity 
and motility in Ringer’s Lactate solution with addition of egg 
yolk among five phenotypes of Kokok Balenggek chicken. Bul 
Peternakan 2023; 47(3):127–35; https://doi.org/10.21059/
buletinpeternak.v47i3.83647 

[7]	 Li WN, Jia MM, Peng YQ, Ding R, Fan LQ, Liu G. Semen qual-
ity pattern and age threshold: a retrospective cross-sectional 
study of 71,623 infertile men in China, between 2011 and 2017. 
Reprod Biol Endocrinol 2011; 17:107; https://doi.org/10.1186/
s12958-019-0551-2 

[8]	 Boeri L, Pozzi E, Capogrosso P, Fallara G, Belladelli F, Candela 
L, et al. Infertile men with semen parameters above WHO ref-
erence limits at first assessment may deserve a second semen 
analysis: challenging the guidelines in the real-life scenario. PLoS 

One 2023; 18(1):280519; https://doi.org/10.1371/journal.
pone.0280519 

[9]	 Pereira FR, de Almeida ABM, Hidalgo MMT, Potiens JR, Souza AK, 
Lopes FG, et al. Relationship between viability of thawed semen 
and pregnancy rate of Nelore cows subjected to fixed-time arti-
ficial insemination. Res Soc Dev 2021; 10(2):e49710212184; 
https://doi.org/10.33448/rsd-v10i2.12184 

[10]	 Agarwal A, Henkel R, Huang CC, Lee MS. Automation of human 
semen analysis using a novel artificial intelligence optical micro-
scopic technology. Andrologia 2019; 51(11):e13440; https://doi.
org/10.1111/and.13440 

[11]	 Strzeżek R, Lecewicz M, Orzeł I, Siemieńczuk J. Effect of repeated 
semen ejaculation on sperm quality and selected biochemi-
cal markers of canine semen. Pol J Vet Sci 2024; 27(2):203–10; 
https://doi.org/10.24425/pjvs.2024.149350 

[12]	 Soleimanzadeh A, Kian M, Moradi S, Mahmoudi S. Carob (Ceratonia 
siliqua L.) fruit hydro-alcoholic extract alleviates reproductive 
toxicity of lead in male mice: evidence on sperm parameters, sex 
hormones, oxidative stress biomarkers and expression of Nrf2 
and iNOS. Avicenna J Phytomedicine 2020; 10(1):35–49; https://
doi.org/10.22038/ajp.2019.13513 

[13]	 Liu XC, Sun TC, Li HY, Si LN, Wei M, Chen ZH, et al. Antioxidative 
effect of melatonin on cryopreserved ovarian tissue in mice. 
Cryobiology 2020; 96:99–105; https://doi.org/10.1016/j.
cryobiol.2020.07.010 

[14]	 Afsar M, Soleimanzadeh A, Khaki A, Ayen E. Improvement of post-
thaw quality and in vivo fertility of Simmental bull spermatozoa 
using ferulic acid. Vet Med Sci 2024; 10(6):e70064; https://doi.
org/10.1002/vms3.70064 

[15]	 Ramazani N, Gharebagh FM, Soleimanzadeh A, Arslan HO, Keles 
E, Gradinarska‐Yanakieva DG, et al. The influence of L-proline and 
fulvic acid on oxidative stress and semen quality of buffalo bull 
semen following cryopreservation. Vet Med Sci 2023; 9(4):1791–
802; https://doi.org/10.1002/vms3.1158 

[16]	 Ananda A, Jaswandi J, Rusfidra R, Gusdinal H, Abimanyu GA, 
Anggraini L, et al. Sperm quality and daily fecal testosterone 
among six phenotypes of Kokok Balenggek rooster. Int J Vet 
Sci 2024; 13(4):527–36; https://doi.org/10.47278/journal.
ijvs/2024.145 

[17]	 Izanloo H, Soleimanzadeh A, Bucak MN, Imani M, Zhandi M. The 
effects of glutathione supplementation on post-thawed Turkey 
semen quality and oxidative stress parameters and fertilization, 
and hatching potential. Theriogenology 2022; 179:32–8; https://
doi.org/10.1016/j.theriogenology.2021.11.010 

[18]	 Jesus AR, Meneses L, Duarte ARC, Paiva A. Natural deep eutec-
tic systems, an emerging class of cryoprotectant agents. 
Cryobiology 2021; 101:95–104; https://doi.org/10.1016/j.
cryobiol.2021.05.002 

[19]	 Riesco MF, Anel-Lopez L, Neila-Montero M, Palacin-Martinez C, 
Montes-Garrido R, Alvarez M, et al. ProAKAP4 as novel molec-
ular marker of sperm quality in ram: an integrative study in 
fresh, cooled and cryopreserved sperm. Biomolecules 2020; 
10(7):1046; https://doi.org/10.3390/biom10071046 

[20]	 Dordas-Perpinyà M, Sergeant N, Ruelle I, Bruyas JF, Charreaux 
F, Michaud S, et al. ProAKAP4 semen concentrations as a valu-
able marker protein of post-thawed semen quality and bull fer-
tility: a retrospective study. Vet Sci 2022; 9(5):224; https://doi.
org/10.3390/vetsci9050224 

[21]	 Pardede BP, Setyawan EMN, Said S, Kusumawati A, Purwantara B, 
Pangestu M, et al. A-kinase anchor protein 4 (ProAKAP4): protein 
molecule-based fertility marker of Indonesian dairy bull and its 
correlation with frozen-thawed sperm quality. Vet Med Int 2025; 
2025:8367714; https://doi.org/10.1155/vmi/8367714 

[22]	 Kumaresan A, Sinha MK, Paul N, Nag P, King JPES, Kumar R, 
et al. Establishment of a repertoire of fertility associated 
sperm proteins and their differential abundance in buffalo 

http://bdvets.org/javar/
https://doi.org/10.3390/plasma1020025
https://doi.org/10.3390/antiox13081018
https://doi.org/10.54203/scil.2023.wvj37
https://doi.org/10.1371/journal.pone.0319537
https://doi.org/10.1371/journal.pone.0319537
https://doi.org/10.17582/journal.aavs/2023/11.5.795.801
https://doi.org/10.17582/journal.aavs/2023/11.5.795.801
https://doi.org/10.21059/buletinpeternak.v47i3.83647
https://doi.org/10.21059/buletinpeternak.v47i3.83647
https://doi.org/10.1186/s12958-019-0551-2
https://doi.org/10.1186/s12958-019-0551-2
https://doi.org/10.1371/journal.pone.0280519
https://doi.org/10.1371/journal.pone.0280519
https://doi.org/10.33448/rsd-v10i2.12184
https://doi.org/10.1111/and.13440
https://doi.org/10.1111/and.13440
https://doi.org/10.24425/pjvs.2024.149350
https://doi.org/10.22038/ajp.2019.13513
https://doi.org/10.22038/ajp.2019.13513
https://doi.org/10.1016/j.cryobiol.2020.07.010
https://doi.org/10.1016/j.cryobiol.2020.07.010
https://doi.org/10.1002/vms3.70064
https://doi.org/10.1002/vms3.70064
https://doi.org/10.1002/vms3.1158
https://doi.org/10.47278/journal.ijvs/2024.145
https://doi.org/10.47278/journal.ijvs/2024.145
https://doi.org/10.1016/j.theriogenology.2021.11.010
https://doi.org/10.1016/j.theriogenology.2021.11.010
https://doi.org/10.1016/j.cryobiol.2021.05.002
https://doi.org/10.1016/j.cryobiol.2021.05.002
https://doi.org/10.3390/biom10071046
https://doi.org/10.3390/vetsci9050224
https://doi.org/10.3390/vetsci9050224
https://doi.org/10.1155/vmi/8367714


http://bdvets.org/javar/	�  1439Jaswandi et al. / J. Adv. Vet. Anim. Res., 12(4): 1430–1440, December 2025

bulls (Bubalus bubalis) with contrasting fertility. Sci Rep 2023; 
13(1):2272; https://doi.org/10.1038/s41598-023-29529-5 

[23]	 Carvalho AV, Soler L, Thélie A, Grasseau I, Cordeiro L, Tomas D, et 
al. Proteomic changes associated with sperm fertilizing ability in 
meat-type roosters. Front Cell Dev Biol 2021; 9:655866; https://
doi.org/10.3389/fcell.2021.655866 

[24]	 Jaswandi J, Prastowo S, Widyastuti R, Ananda A. Quality and 
protein profiles in local Indonesian ram sperm before and after 
cryopreservation. Int J Vet Sci 2024; 13(6):841–52; https://doi.
org/10.47278/journal.ijvs/2024.175 

[25]	 Ananda A, Gusdinal H, Ramadhan R, Abimanyu AA, Ningsih WH, 
Jaswandi J. Impacts of cryopreservation on semen quality and 
sperm protein profiles of Pesisir bulls. Trop Anim Sci J 2025; 
48(3):189–98; https://doi.org/10.5398/tasj.2025.48.3.189 

[26]	 Jaswandi J, Rusfidra R, Ananda A, Abimanyu AA, Gusdinal H. 
Protein profile of spermatozoa and seminal plasma based on 
molecular weight in four phenotypes of Kokok Balenggek roost-
ers. Open Vet J 2025; 15(3):1322–30; https://doi.org/10.5455/
OVJ.2025.v15.i3.23 

[27]	 Chen J, Zhou A, Xie S, Wang C, Lv Z, Zou J. Comparative proteomic 
identification of mature and immature sperm in the catfish 
Cranoglanis bouderius. PLoS One 2016; 11(3):151254; https://
doi.org/10.1371/journal.pone.0151254 

[28]	 Hata A, Nunome M, Suwanasopee T, Duengkae P, Chaiwatana 
S, Chamchumroon W, et al. Origin and evolutionary history of 
domestic chickens inferred from a large population study of Thai 
red junglefowl and indigenous chickens. Scientific Rep 2021; 
11:2035; https://doi.org/10.1038/s41598-021-81589-7 

[29]	 Mahaole ASW, Rashijane LT, Tyasi TL. Breeding practices and 
trait preferences of indigenous chicken farmers at Madiga village, 
Polokwane local Municipality, South Africa. Agric Sci Dig 2024; 
43(6):845–51; https://doi.org/10.18805/ag.DF-522 

[30]	 Nie C, Almeida P, Jia Y, Bao H, Ning Z, Qu L. Genome-wide sin-
gle-nucleotide polymorphism data unveil admixture of Chinese 
indigenous chicken breeds with commercial breeds. Genome 
Biol Evol 2019; 11(7):1847–56; https://doi.org/10.1093/gbe/
evz128 

[31]	 Arlina F, Mundana M, Suhartati L, Jasfaria A. Phenotype variety 
of West Sumatera’s germplasm Randah Batu Kokok Balenggek 
chicken. Adv Anim Vet Sci 2024; 12(5):902–9; https://doi.
org/10.17582/journal.aavs/2024/12.5.902.909 

[32]	 Kheawkanha T, Boonkum W, Vongpralub T, Chankitisakul V. 
Characterization of oviduct lining, with emphasis on the sperm 
storage tubule region (uterovaginal junction), correlated with 
fertility in mature and old Thai native hens. Animals 2021; 
11(12):3446; https://doi.org/10.3390/ani11123446 

[33]	 Ananda A, Jaswandi J, Rusfidra R, Wahyuni RS. Motility and 
viability of Kokok Balenggek chicken spermatozoa in vari-
ous commercial physiological solutions stored at 4°C. Int J Vet 
Sci 2025; 14(2):364–73; https://doi.org/10.47278/journal.
ijvs/2024.241 

[34]	 Arifiantini RI. Teknik koleksi dan evaluasi semen pada hewan. IPB 
Press, Bogor, Indonesia. 2012. 

[35]	 Soleimanzadeh A, Kian M, Moradi S, Malekifard F. Protective 
effects of hydro-alcoholic extract of Quercus brantii against 
lead-induced oxidative stress in the reproductive system of male 
mice. Avicenna J Phytomedicine 2018; 8(5):448–56. 

[36]	 Kabirian A, Batavani RA, Asri-Rezaei S, Soleimanzadeh A. 
Comparative study of the protective effects of chicken embryo 
amniotic fluid, vitamin C and coenzyme Q10 on cyclophospha-
mide-induced oxidative stress in mice ovaries. Vet Res Forum 
2018; 9(3):217–24; https://doi.org/10.30466/vrf.2018.32085 

[37]	 Shakouri N, Soleimanzadeh A, Rakhshanpour A, Bucak MN. 
Antioxidant effects of supplementation of 3,4-dihydroxyphenyl 
glycol on sperm parameters and oxidative markers following 

cryopreservation in canine semen. Reprod Domest Anim 2021; 
56(7):1004–4; https://doi.org/10.1111/rda.13944 

[38]	 Ramazani N, Gharebagh FM, Soleimanzadeh A, Arslan HO, Keles 
E, Gradinarska-Yanakieva DG, et al. Reducing oxidative stress by 
κ-carrageenan and C60HyFn: the post-thaw quality and antioxi-
dant status of Azari water buffalo bull semen. Cryobiology 2023; 
111:104–12; https://doi.org/10.1016/j.cryobiol.2023.04.003 

[39]	 Madeddu M, Zaniboni L, Marelli SP, Tognoli C, Belcredito S, 
Iaffaldano N, et al. Selection of male donors in local chicken 
breeds to implement the Italian semen cryobank: variability in 
semen quality, freezability and fertility. Vet Sci 2024; 11(4):148; 
https://doi.org/10.3390/vetsci11040148 

[40]	 Burilo A, Kashoma I. Semen quality parameters of the Tanzanian 
Horasi chicken ecotype. East Afr J Sci Tech Innov 2023; 4(3):1–3; 
https://doi.org/10.37425/eajsti.v4i3.638 

[41]	 Sayed MAM, Abd-Elhafeez HH, Afifi OS, Marzouk MW, El-Sherry 
TM. Sperm tendency to agglutinate in motile bundles in rela-
tion to sperm competition and fertility duration in chickens. 
Scientific Rep 2022; 12(1):18860; https://doi.org/10.1038/
s41598-022-22049-8 

[42]	 Hidayat N, Hidayah CN, Nugroho AP. Reduction of sperma-
tozoa motility and viability in various local chickens during 
storage at 5°C. Anim Prod 2020; 22(3):158–62; https://doi.
org/10.20884/1.jap.2020.22.3.64 

[43]	 Saleh D, Mugiyono S, Sumaryadi M, Nugroho A. The effects of sperm 
number and insemination interval on the fertility and hatchability 
of Sentul hens. IOP Conf Ser Earth Environ Sci 2019; 372:012037; 
https://doi.org/10.1088/1755-1315/372/1/012037 

[44]	 Luvanga J, Kashoma I. Effect of ecotype and age on semen char-
acteristics of three Tanzanian native chickens. East Afr J Sci 
Tech Innov 2022; 3(4):1–6; https://doi.org/10.37425/eajsti.
v3i4.508 

[45]	 Islam MS, Faruque S, Huda ME, Sumon MRA, Ali MZ. Seasonal 
variation of semen quality among the three genotypes of native 
chicken. Ukr J Vet Agric Sci 2024; 7(1):35–40; https://doi.
org/10.32718/ujvas7-1.06 

[46]	 Rosyada ZNA, Ulum MF, Tumbelaka LITA, Purwantara B. Sperm 
protein markers for Holstein bull fertility at national artificial 
insemination centers in Indonesia. Vet World 2020; 13(5):947–
55; https://doi.org/10.14202/vetworld.2020.947-955 

[47]	 Maulana T, Hendrawan PA, Sutikno S, Anwar P, Ulum MF, Priyanto 
R, et al. Electrophoretic protein profiles in seminal plasma and 
sperm: a comparative study of Bali and Wagyu bulls. Open Vet J 
2025; 15(5):2021–9; https://doi.org/10.5455/OVJ.2025.v15.i5.18 

[48]	 Okumura H, Kohno Y, Iwata Y, Mori H, Aoki N, Sato C, et al. A newly 
identified zona pellucida glycoprotein, ZPD, and dimeric ZP1 of 
chicken egg envelope are involved in sperm activation on sperm-
egg interaction. Biochem J 2004; 384(1):191–9; https://doi.
org/10.1042/BJ20040299 

[49]	 Jarrell ZR, Ahammad MU, Sweeney K, Wilson JL, Benson AP. 
Characterization of sperm-associated antigen 6 expression in the 
reproductive tract of the domestic rooster (Gallus domesticus) 
and its impact on sperm mobility. Poult Sci 2020; 99(11):6188–
95; https://doi.org/10.1016/j.psj.2020.08.009 

[50]	 Cordeiro L, Lin HLH, Carvalho AV, Grasseau I, Uzbekov R, Blesbois 
E. First insights on seminal extracellular vesicles in chickens of 
contrasted fertility. Reproduction 2021; 161(5):489–98; https://
doi.org/10.1530/REP-20-0462 

[51]	 Li Y, Sun Y, Ni A, Shi L, Wang P, Isa AM, et al. Seminal plasma pro-
teome as an indicator of sperm dysfunction and low sperm motil-
ity in chickens. Mol Cell Proteom 2020; 19(6):1035–46; https://
doi.org/10.1074/mcp.RA120.002017 

[52]	 Gebru G, Belay G, Vallejo-Trujillo A, Dessie T, Gheyas A, Hanotte 
O. Ecological niche modelling as a tool to identify candidate 
indigenous chicken ecotypes of Tigray (Ethiopia). Front Genet 
2022; 13:968961; https://doi.org/10.3389/fgene.2022.968961 

http://bdvets.org/javar/
https://doi.org/10.1038/s41598-023-29529-5
https://doi.org/10.3389/fcell.2021.655866
https://doi.org/10.3389/fcell.2021.655866
https://doi.org/10.47278/journal.ijvs/2024.175
https://doi.org/10.47278/journal.ijvs/2024.175
https://doi.org/10.5398/tasj.2025.48.3.189
https://doi.org/10.5455/OVJ.2025.v15.i3.23
https://doi.org/10.5455/OVJ.2025.v15.i3.23
https://doi.org/10.1371/journal.pone.0151254
https://doi.org/10.1371/journal.pone.0151254
https://doi.org/10.1038/s41598-021-81589-7
https://doi.org/10.18805/ag.DF-522
https://doi.org/10.1093/gbe/evz128
https://doi.org/10.1093/gbe/evz128
https://doi.org/10.17582/journal.aavs/2024/12.5.902.909
https://doi.org/10.17582/journal.aavs/2024/12.5.902.909
https://doi.org/10.3390/ani11123446
https://doi.org/10.47278/journal.ijvs/2024.241
https://doi.org/10.47278/journal.ijvs/2024.241
https://doi.org/10.30466/vrf.2018.32085
https://doi.org/10.1111/rda.13944
https://doi.org/10.1016/j.cryobiol.2023.04.003
https://doi.org/10.3390/vetsci11040148
https://doi.org/10.37425/eajsti.v4i3.638
https://doi.org/10.1038/s41598-022-22049-8
https://doi.org/10.1038/s41598-022-22049-8
https://doi.org/10.20884/1.jap.2020.22.3.64
https://doi.org/10.20884/1.jap.2020.22.3.64
https://doi.org/10.1088/1755-1315/372/1/012037
https://doi.org/10.37425/eajsti.v3i4.508
https://doi.org/10.37425/eajsti.v3i4.508
https://doi.org/10.32718/ujvas7-1.06
https://doi.org/10.32718/ujvas7-1.06
https://doi.org/10.14202/vetworld.2020.947-955
https://doi.org/10.5455/OVJ.2025.v15.i5.18
https://doi.org/10.1042/BJ20040299
https://doi.org/10.1042/BJ20040299
https://doi.org/10.1016/j.psj.2020.08.009
https://doi.org/10.1530/REP-20-0462
https://doi.org/10.1530/REP-20-0462
https://doi.org/10.1074/mcp.RA120.002017
https://doi.org/10.1074/mcp.RA120.002017
https://doi.org/10.3389/fgene.2022.968961


http://bdvets.org/javar/	�  1440Jaswandi et al. / J. Adv. Vet. Anim. Res., 12(4): 1430–1440, December 2025

[53]	 Rungruangsak J, Suwimonteerabutr J, Buranaamnuay K, 
Asawakarn S, Chantavisoote N, Pisitkun T, et al. Difference of 
seminal plasma and sperm proteins in good and poor freezabil-
ity boar ejaculates. Vet Stan 2022; 53(2):113–26; https://doi.
org/10.46419/vs.53.2.8 

[54]	 Riou C, Brionne A, Cordeiro L, Harichaux G, Gargaros A, Labas V, 
et al. Avian uterine fluid proteome: exosomes and biological pro-
cesses potentially involved in sperm survival. Mol Reprod Dev 
2020; 87(4):454–70; https://doi.org/10.1002/mrd.23333 

[55]	 Nauc V, Manjunath P. Radioimmunoassays for bull seminal 
plasma proteins (BSP-A1/-A2, BSP-A3, and BSP-30-Kilodaltons), 
and their quantification in seminal plasma and sperm. Biol 
Reprod 2000; 63(4):1058–66; https://doi.org/10.1095/
biolreprod63.4.1058 

[56]	 Wang P, Wang YF, Wang H, Wang CW, Zan LS, Hu JH, et al. HSP90 
expression correlation with the freezing resistance of bull 
sperm. Zygote 2014; 22(2):239–45; https://doi.org/10.1017/
S096719941300004X

http://bdvets.org/javar/
https://doi.org/10.46419/vs.53.2.8
https://doi.org/10.46419/vs.53.2.8
https://doi.org/10.1002/mrd.23333
https://doi.org/10.1095/biolreprod63.4.1058
https://doi.org/10.1095/biolreprod63.4.1058

