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ABSTRACT

Article History

The success of Pesisir cattle breeding programs depends on sperm quality and the presence of
functional proteins associated with motility and fertility, which may serve as reproductive
biomarkers for sperm quality. This study evaluated individual sperm kinematic parameters,
mapped protein profiles, and examined their relationships with sperm motility and molecular
weight. Ten Pesisir bulls (aged <2-4 years) were assessed. Sperm motility was analyzed using
Computer-Assisted Sperm Analysis (CASA; IVOS-Hamilton) for accurate and objective
measurements. Protein molecular weights were determined via one-dimensional sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (1D SDS-PAGE) using a PM2700/3-Color
Broad Range Protein Marker (5-270 kDa). The results showed inter-individual variation in the
kinematic parameters, all within the normal range. A total of 6-14 protein bands were
identified in the sperm of Pesisir bulls. Total and progressive motility exhibited strong positive
correlations (r=0.97; P<0.05) with all kinematic parameters, including VCL, VSL, VAP, DCL, DSL,
and DAP (r>0.70). Protein bands in the 21-25 kDa and 50-75 kDa ranges were significantly
correlated with motility parameters and the number of protein bands detected. In conclusion,
Pesisir bull sperm exhibited normal motility kinematics, and 6-14 protein bands were identified
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as potential markers for semen quality assessment.
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INTRODUCTION

Pesisir cattle are a native Indonesian breed and an
important genetic resource that has developed in the
coastal regions of West Sumatra. The breed is officially
recognized by the government as a genetic resource that
contributes to the biodiversity of the national livestock
population. Pesisir cattle are known for their high disease
resistance, strong adaptability to tropical climates, and
smaller body size than other local cattle breeds. These
traits make them a valuable genetic resource, particularly
for addressing environmental stress challenges in tropical
regions (Widyas et al., 2022). Pesisir cattle are typically
managed under a semi-extensive grazing system, in
which animals are allowed to graze freely in the morning
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and are returned to enclosures in the evening. This
system enables the utilization of naturally available
forage in the surrounding environment, reflecting the
breed’s ecological compatibility with local land use and
the availability of natural resources. These characteristics
have made Pesisir cattle a preferred choice among
smallholder farmers in West Sumatra. However, the
current management system has not yet been fully
effective in promoting an optimal increase in the
population of Pesisir cattle (Iskandar & Sartika, 2019). A
similar management system has also been applied to
several other Indonesian local cattle breeds, including
Aceh (Handayani & Safrida, 2023), Kuantan (Yendraliza et
al., 2020), Bali (Hidayat et al., 2023), and Sumbawa cattle
(Romijali et al., 2024).
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Enhancing the population and genetic quality of
Pesisir cattle can be achieved through controlled breeding
programs that are supported by appropriate reproductive
technologies. Advances in reproductive science have led to
the use of Computer-Assisted Sperm Analysis (CASA)
integrated  with  omics  technologies, particularly
proteomics, as a bull selection approach to identify
proteins involved in reproductive mechanisms and
functions. CASA technology is used to evaluate sperm
motility and kinematic parameters through the automated
recording and movement analysis of spermatozoa. CASA
software analyzes sperm motion in real time, producing
accurate quantitative data covering a range of motility
parameters (Van de Hoek et al., 2022; Pichardo-Matamoros
et al, 2023). Kinematic parameters, such as curvilinear
velocity (VCL), straight-line velocity (VSL), and linearity
(LIN), are measured to provide a precise assessment of
sperm quality (Hidayatullah et al., 2021). Sperm quality
evaluation is a critical step in predicting fertility potential
and supporting breeding programs for Pesisr cattle. This
method has been applied in various studies to predict the
success of reproductive technologies through more
efficient sperm selection (Yoshiakwa-Terada et al., 2024).

Sperm quality parameters, particularly motility, are
insufficient when used in isolation to accurately predict the
male fertility. Therefore, such specific configurations or
approaches require further validation to ensure their
accuracy and reliability in identifying Pesisir bulls with
superior reproductive qualities. Advanced validation of
sperm motility kinematic analysis can be performed
through protein profiling using the 1D SDS-PAGE method,
a technique that separates proteins based on their
molecular weight and enables the identification of proteins
associated with reproductive function. Electrophoretic
analysis of semen has been shown to predict protein
functions potentially related to reproductive capability
(Azizah et al, 2023; Musa & Abdulkareem, 2023).The
integration of this method with motility kinematic analysis
can be used to verify the results as part of a
comprehensive selection process for superior Pesisir bulls.
This combined approach provides a broader perspective
on the reproductive biological system and facilitates a
deeper understanding of the molecular mechanisms
underlying the function of sperm proteins. The
identification of key proteins through 1D SDS-PAGE
analysis of sperm has the potential to serve as a reference
for determining reproductive function parameters
(Baharun et al., 2023), including those in seminal plasma
(Iskandar et al, 2022a; Maulana et al, 2024). Several
previous studies have reported a positive correlation
between sperm motility and the presence of functional
proteins involved in reproduction (Diansyah et al., 2025);
(Mappanganro et al., 2025). The present study aimed to
evaluate sperm kinematic parameters for each individual,
map individual-specific protein profiles, and establish
correlations between sperm motility kinematics and sperm
protein molecular weights in Pesisir bulls. This study is
expected to provide a scientific foundation for developing
more targeted and efficient breeding strategies to enhance
the productivity of Pesisir cattle.
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MATERIALS & METHODS

Animals and Ethical Clearance

This study was conducted at the Balai Pembibitan
Ternak Unggul Hijauan Pakan Ternak (BPTUHPT) Padang
Mangatas, a technical implementation unit under
theministry of Agriculture of the Republic of Indonesia. Ten
Pesisir bulls aged between less than two years and four
years, were used as experimental animals, each providing
one fresh semen sample. All bulls were maintained under
uniform environmental and management conditions,
including standardized feeding, housing, hygiene, and
regular health monitoring, in accordance with the Standard
Operating Procedures (SOP) of the BPTUHPT Padang
Mangatas. Prior to sample collection, all animals were
declared clinically healthy by a licensed veterinarian
following a thorough clinical examination. The study was
approved by the Animal Ethics Committee of the School of
Veterinary Medicine and Biomedical Sciences, IPB
University, Indonesia, under the ethical clearance certificate
number 221/KEH/SKE/VI11/2024.

Semen Collection and Evaluation

Ten fresh semen samples were collected from healthy,
productive  Pesisir bulls using an amini tube
electroejaculator between 06:00 and 10:00 WIB, following
standard operating procedures and under the supervision
of an experienced veterinarian. Macroscopic and
microscopic evaluations were performed immediately after
collection. Sperm kinematics were analyzed using a
computer assisted semen analyzer (CASA; IMV-Hamilton),
with diluted samples placed on pre-warmed ( = 37°C)
slides and observed under a video-integrated
microscope. The CASA system quantified total motility,
velocity curve linear (VCL), velocity straight line(VSL),
velocity average path (VAP), distance curve linear (DCL),
distance straight line (DSL), distance average path (DAP),
amplitude of lateral head (ALH), beat cross frequency
(BCF), horizontal amplitude of head (HAC), linearity (LIN),
and straightness (STR). For protein profiling via one-
dimensional sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (1D SDS-PAGE), spermatozoa were
separated from the seminal plasma, and the total protein
concentration was determined prior to electrophoresis.

Sample Processing and Protein Preparation

Semen collected from each pesisir bull was
centrifuged at 6,500 rpm for 30min at room temperature
to separate the seminal plasma (upper fraction) from the
sperm cell pellet (lower fraction). Fractions were carefully
separated using a micropipette to avoid cross-
contamination, and sperm pellets were transferred into
sterile TmL microtubes with a new pipette for each sample
before storage at —20°C. For protein extraction, frozen
sperm pellets were thawed at room temperature and
processed using  PRO-PREP™  solution  (iNtRON
Biotechnology, Korea) according to the manufacturer's
protocol. Each pellet was mixed with 400pL of PRO-PREP
solution, incubated for 20min at —20°C, and centrifuged at
13,000rpm for 5min at 4°C. The resulting supernatants



were transferred to sterile tubes, and the total protein
concentrations were determined colorimetrically using the
bicinchoninic acid (BCA) method with the Pierce™ BCA
Protein Assay Kit (Thermo Scientific™, USA). Protein
samples were analyzed using one-dimensional sodium
dodecyl sulfate—polyacrylamide gel electrophoresis (1D
SDS-PAGE). For sample preparation, sperm protein
samples were mixed with PBS to obtain a total volume of
30 pL. Then, 15 pL of the mixture was transferred into a
1.5mL microtube, supplemented with 5 pL blue loading
dye, homogenized for 5s, and heated at 95°F for 5min.
Subsequently, 20 pL of each prepared sample was loaded
into the wells of 1D SDS-PAGE gel.

Protein Analysis Using 1D SDS-PAGE

Protein characterization was performed using one-
dimensional sodium dodecyl sulfate—polyacrylamide gel
electrophoresis (1D SDS-PAGE) based on the molecular
weight (MW). Analyses were conducted using SurePAGE™
4-20% gradient gels (M00656; GenScript) and a broad
multi-color  pre-stained protein standard (M00624;
GenScript). Electrophoresis was performed using a 4%
stacking gel at 200V and 100 mA for 40min. Following
electrophoresis, the gels were stained with Coomassie
Brilliant Blue R-250 (Bio-Rad, USA) for 3 h, with the staining
process repeated twice to enhance band visualization. After
electrophoresis, the gels were stained with Coomassie
Brilliant Blue R-250 (Bio-Rad, USA) for 3h, and the staining
procedure was repeated thrice to enhance protein band
visualization. The resulting protein bands were compared
with the ExcelBand™ 3-Color Broad Range Protein Marker
PM2700 (SMOBIO® Technology, Inc., Taiwan), covering a
molecular weight range of 5-270 kDa, to determine the
molecular weights of the sperm protein bands.

Statistical Analysis

Sperm motility kinematic parameters and protein
concentrations in Pesisir bulls were expressed as mean +
SD. The protein bands identified in the spermatozoa of
each individual were analyzed descriptively. Correlations
among sperm motility kinematics, sperm protein
concentration, and protein molecular weight were
evaluated using correlation analysis, and the results were
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visualized as heatmaps. Statistical significance was set at
P<0.05 or P<0.01. All statistical computations were
performed using SPSS software version 26 (IBM® Corp.,
Armonk, NY, USA).

RESULTS & DISCUSSION

Kinematic Motility of Sperm of Pesisir Bulls

Assessment of sperm kinematics is a valuable tool for
evaluating semen quality and selecting breeding bulls. The
Computer-Assisted Sperm Analysis (CASA) system enables
the precise quantification of sperm motility characteristics
(Fig. 1), offering greater predictive accuracy for fertility
potential than conventional methods. In the present study,
Pesisir bulls demonstrated exceptional motility, with values
reaching 95.66% (Table 1), a profile consistent with
previous reports for other indigenous breeds, such as Bali
bulls (Diansyah et al.,, 2025; Sarsaifi et al., 2015), Brahman
bulls (Rego et al., 2015) and Kangayam bulls (Elamurugan
et al., 2023). Despite these similarities, substantial variation
in fertility among bulls persists, underscoring the
limitations of relying solely on the concentration and
motility metrics. Protein profiling has emerged as a critical
complementary approach that enables more accurate
diagnosis of subfertility or infertility (Susandani et al.,
2021). In this context, 1D SDS-PAGE is an effective method
for identifying candidate sperm proteins with potential

A

Fig. 1: Sperm motility in pesisir bulls was evaluated using a Computer

Assisted Sperm Analysis (CASA) system. A: Fresh semen age 2 year (P8); B.
Fresh semen age 4 year (P12). Motility colour symbol: Fast motility,

Slow motility, Circle motility -Local motility, | mmotile.

Table 1: Individual profile of kinematic parameters of sperm motility in Pesisir bulls

Kinematics Motility

Age (year) and code bulls

133 1.67 1.75 1.83 2.00 2.00 2.75 3.75 3.75 4.00 Mean% + SD

P5 P4 P3 P7 P1 P8 P2 P11 P12 P10
Total motility [%] 61.49 78.43 86.76 87.78 5.30 91.62 82.31 87.55 95.66 91.37 76.83 + 26.88
Progressive motility [%)] 36.86 70.69 81.78 80.90 2.33 75.97 73.58 78.80 91.20 83.44 67.56 + 27.15
VCL [um/s] 12296 21129 23073 23793 4919 13242 20245 21431 203.85 121.26  172.64 + 62.09
VSL [um/s] 60.73 90.16 78.05 10166 475 59.09 935 120.91 75.60 44.47 72.89 + 32.80
VAP [um/s] 68.98 104.00  94.96 11747 1269 66.78 106.75  129.07  96.15 53.67 85.05 + 34.73
DCL [um] 42.03 61.46 66.63 65.04 20.03 4559 55.73 64.94 56.34 43.8 52.16 + 14.54
DSL [pm] 21.00 25.84 23.54 26.37 1.64 20.37 26.25 38.01 19.18 159 21.81 +9.27
DAP [um] 23.98 29.79 28.19 31.42 4.92 23.08 30.22 40.56 25.84 19.27 25.73 + 9.31
ALH [pm] 2.50 4.50 4.84 4.63 1.41 2.63 4.03 3.61 4.42 2.68 353+ 1.15
BCF [Hz] 1213 15.21 15.05 17.11 3.25 18.00 14.72 20.65 13.40 16.37 14.59 £ 4.65
HAC [rad] 0.35 0.54 0.65 0.57 0.13 0.44 0.48 0.47 0.57 0.26 045+ 0.16
LIN [%] 0.40 0.42 0.35 0.42 0.17 0.44 0.46 0.56 0.37 0.40 0.40 + 0.10
STR [%] 0.73 0.81 0.77 0.8 0.38 0.82 0.82 0.89 0.73 0.80 0.76 + 0.14

VCL=Velocity curve linear, VSL=Velocity straight line, VAP=Velocity average path, DCL=Distance curve linear, DSL=Distance straight line, DAP=Distance
average path, ALH=Amplitude of lateral head, BCF=Beat cross frequency, HAC=Horizontal Amplitude of Head, LIN=Linearity, STR=Straightness.



biomarker value. Supporting this, Mappanganro et al.
(2025) demonstrated that proteins with specific molecular
weights are strongly positively correlated with motility,
viability, and acrosome integrity, underscoring the
importance of integrating proteomic analysis into semen
quality assessment to improve the robustness of fertility
prediction in breeding programs.

The kinematic analysis of Pesisir bull spermatozoa in
this study revealed considerable variation, likely influenced
by individual factors, as previously reported for fresh
semen from Pasundan (Baharun et al., 2023) and Madura
bulls (Azizah et al., 2023). Kinematic parameters associated
with fertilization capacity are commonly evaluated using
velocity curve linear (VCL), velocity straight line (VSL), and
velocity average path (VAP), with VAP being the most
relevant indicator of fertility potential (Nagy et al., 2015). In
this study, the mean total motility was 76.83 + 26.88%,
while the mean progressive motility was 67.56 + 27.15%.
The mean values for VCL, VSL, and VAP were 172.64 +
62.09, 72.89 + 32.80, and 85.05 + 34.73um/s, respectively.
According to Inanc et al. (2018), the threshold values
required for sperm to penetrate the oocyte are VCL>70
pm/s, VSL>45 um/s, and VAP>45 pm/s. Based on these
thresholds, the average kinematic values observed for
Pesisir bull sperm in this study indicated that all samples
had the potential to fertilize oocytes. The amplitude of
lateral head displacement (ALH) serves as an indicator of
hyperactivation, with values above 7 pm/s considered
indicative of this state (Marquez & Suarez, 2007). The
ALH value obtained in this study was 3.25 + 1.26 um/s,
indicating that the sperm were in a normal, non-
hyperactivated condition. According to Donnellan et al.
(2022), VCL is significantly associated with fertility in
bulls, with highly fertile bulls exhibiting markedly higher
VCL values than less fertile bulls. These findings
underscore the relevance of VCL as a predictive
parameter for assessing reproductive success.

Protein Concentration in Sperm of Pesisir Bulls

Based on these findings, the sperm protein
concentration profiles of ten Pesisir bulls aged 1.33-4.00
years exhibited considerable variation. The detected
protein concentrations ranged from 25.81 to 174.78ug/mL,
with a mean value of 98.74pg/mL and a standard deviation
of + 60.20pg/mL (Table 2).

Table 2: Profile of sperm protein concentration in pesisir bulls

Pesisir Bulls  Age (year) ~ Sperm Protein Concentration (SP conc) (ug/mL)
P5 133 73.58

P4 1.67 25.81

P3 1.75 170.01

p7 1.83 134.06

P1 2.00 148.36

P8 2.00 65.27

p2 2.75 154.74

P11 3.75 108.79

P12 3.75 174.78

P10 4.00 101.31

Mean + SD 248 + 0.94 98.74 + 60.20

The analysis revealed marked inter-individual variation
in sperm protein concentrations among Pesisir bulls,
ranging from 2581 to 174.78ug/mL. The highest
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concentration was recorded in bull P12 (3.75 years) at
174.78ug/mL, followed by P3 (1.75 years) at 170.01ug/mL
and P2 (2.75 years) at 154.74ug/mL. In contrast, bull P4
(1.67 years) exhibited the lowest concentration at
25.81pg/mL. While some mature and older bulls tended to
have higher protein concentrations, several younger bulls
also exhibited either high or very low levels, as seen in P3
and P4, which were of comparable age but showed sharply
contrasting concentrations. The overall mean sperm
protein concentration was 98.74 + 60.20ug/mL. These
findings are consistent with those of Mappanganro et al.
(2025), who reported seminal plasma protein
concentrations of 171.95 + 0.72ug/mL in Bali bulls, but
lower than those reported by Maulana et al. (2024) for
buffalo seminal plasma (18147 + 24.43ug/mL).
Collectively, the present results indicate that sperm protein
concentrations vary substantially among individuals;
however, the mean value falls within the normal range.
Sperm proteins are critical for motility, capacitation, and
fertility, and fluctuations in protein abundance during
maturation prime sperm for fertilization (Kiyozumi et al.,
2023). Several key proteins, including zincoproteins, play
essential roles in the adhesion, motility, and metabolic
regulation of spermatozoa (Zigo et al.,, 2022).

Electrophoretic Profiles of Sperm in Pesisir Bulls

A predictive approach has been developed to estimate
bull fertility based on the seminal protein content. Previous
studies have reported correlations between specific protein
profiles and fertility outcomes (Mappanganro et al., 2025).
Bull semen contains a diverse array of proteins that play
pivotal roles in reproductive function, particularly in
supporting sperm motility. Based on 1D SDS-PAGE
analysis, the proteins present in Pesisir bull semen
exhibited molecular weights ranging between 10 and 150
kDa (Table 3) and were visualized as distinct bands on the
gel (Fig. 2).

M P1 P2 P3 P5 P4 P7 P8 P10 P11 P12

-
~—
-
~
~

~

Fig. 2: Electrophoresis Profile Protein Sperm Pesisir bulls, M : Marker, P1-
P12 : Sperm Protein Samples from pesisir bulls.

1D SDS-PAGE analysis of Pesisir bull sperm revealed
protein bands spanning diverse molecular weights (MW),
reflecting interindividual and age-related variations in
protein expression. Low-MW bands at 10, 11-14, 15, 16,
and 31 kDa were consistently detected across all age
groups, indicating conserved structural or physiological
roles. Bands at 20, 21-24, and 50 kDa occurred in seven
individuals, while the 33 and 75 kDa bands appeared in six.
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Table 3: Electrophoretic individual profile of Sperm Protein in Pesisir Bulls
MW ( kDa) Candidate protein References Code Pesisir Bulls Protein Persence (%)
PS1 PS2 PS3 PS5 PS4 PS7 PS8 PS10 PS11  PS12
150 IGF-1 DM - - - - - + o+ - + 4/10(40)
100 AKAP 4 RA - - - + o+ - + + 4/10(40)
51-75 SPAM1 RA - + + - + - - + + 6/10(60)
50 TUBB1A RA - + + + - + + + + 7/10(70)
37 ZPBP1 wB - - - - + - + + 3/10(30)
33 PRSS55 DM - o+ - - - - + + 5/10(50)
31 SPACA1 SF + + + + + + + + + 10/10(100)
25 PEBP4 SF - + + + - + - + + + 8/10(80)
21-24 PEBP1 SF - + + + - + - + + + 7/10(70)
20 PARK7 WB + + + + - + - - + + 7/10(70)
17 PRDX5 WB + + + + + + + + + + 10/10(100)
15 SPADH2 DM, WB + + + + + + + + + + 10/10(100)
11-14 BSP1 DM, WB + + + + + + + + + + 10/10(100)
10 SPADH1 WB + + + + + + + + + + 10/10(100)
SBands 6 1 1 11 5 13 8 7 14 14

Note : PS1-PS12= Protein Sperm 1-12, MW= molecular weight. MR: (Mappanganro et al., 2025); DM :

(Satrio et al., 2024); WB:(Westfalewicz et al., 2021).

High-MW bands (100-150 kDa) were observed in only four
individuals, suggesting more specific or condition-
dependent expression, whereas the 37 kDa band had the
lowest detection rate (three individuals), indicating a
limited or individual-specific role (Table 3). The protein
profile demonstrated variability in both the number and
MW range of bands, with 6-14 bands per individual (10—
150 kDa). These findings are comparable to previous
reports of 10-14 bands (15-165 kDa) in Bali cattle semen
(Mappanganro et al, 2025) and eight bands in buffalo
sperm (Said et al., 2024).

Sperm proteins within the 51-75 kDa range, identified
as Sperm Adhesion Molecule 1 (SPAM1), and 25 kDa
proteins, including  Phosphatidylethanolamine-Binding
Protein 4 (PEBP4), were detected in six and eight Pesisir
bulls, respectively, indicating broadly consistent expression
across the population. PEBP4 is implicated in the regulation
of sperm motility via flagellar function control (Satrio et al.,
2024), whereas SPAM1 mediates sperm-zona pellucida
binding and facilitates membrane fusion (Kasimanickam et
al, 2019). During capacitation, the SPAM1 complex
specifically relocates to the peri-acrosomal region, which is
a key step in sperm functional maturation Gomez-Torres et
al. (2021). These proteins represent potential molecular
targets for enhancing fertility and refining reproductive
protocols in cattle.

In addition, the tubulin alpha chain (TUBB1A) was
detected in 50 kDa bands and identified in seven
individuals. This protein is essential for sperm cytoskeleton
formation, particularly in supporting the microtubule
structures that compose cilia and flagella, thereby
contributing to sperm motility and its structural integrity
(Rosyada et al., 2023). Microtubule- and tubulin-associated
proteins are also critical for maintaining flagellar stability
and regulating sperm motility (Chawan et al, 2020).
Structural protein imbalances or dysfunctions, such as
those in leucine-rich repeat-containing protein 23
(LRRC23), which is involved in the assembly of radial spoke
3 in the flagellum, have been associated with impaired
sperm motility and potential infertility (Hwang et al., 2023).

Within the 20-24 kDa molecular weight range, two
major proteins were identified: protein/nucleic acid
deglycase DJ-1 (PARK7) and phosphatidylethanolamine-
binding protein 1 (PEBP1), each detected in seven

Diansyah et al., 2025); RA: (Rosyada et al., 2023); SF:

individuals. PARK7 functions as a key antioxidant,
protecting sperm cells from oxidative stress, which directly
affects sperm quality and viability (Westfalewicz et al,
2021). PEBP1, in contrast, contributes to sperm maturation
and plays a role during capacitation, a critical stage
preceding fertilization (Satrio et al, 2024). In addition,
serine protease 55 (PRSS55), with an approximate
molecular weight of 33 kDa, was identified in five
individuals. PRSS55 is essential for the formation and
maintenance of cellular structures, particularly acrosomal
vesicles and the sperm plasma membrane, both of which
are crucial for fertilization because of their roles in the
acrosome reaction and zona pellucida penetration
(Diansyah et al., 2025). These findings underscore the
importance of structural and functional proteins, including
TUBB1A, PARK7, PEBP1, and PRSS55, in supporting the
quality and reproductive function of pesisir bull sperm.
Specifically, a 37 kDa protein identified as Zona
Pellucida-Binding Protein 1 (ZPBP1) was detected in only
three older individuals, indicating inter-individual variation
in expression that may be associated with sperm
maturation or fertility (Westfalewicz et al, 2021).
Additionally, SPACA1, a 31 kDa protein involved in
acrosome formation and supporting the capacitation
process, was identified (Satrio et al., 2024). The analysis of
SPACA1 and ZPBP1 provides a more comprehensive
understanding of sperm biological function and fertility
potential (Maulana et al., 2025). Notably, the essential role
of SPACA1 in acrosome formation and capacitation
underscores its importance in facilitating sperm penetration
of the zona pellucida during fertilization (Chen et al., 2021).
High-molecular-weight protein bands (100-150 kDa)
were identified in four Pesisir bulls, including A-kinase
Anchoring Protein 4 (AKAP4) and Insulin-like Growth
Factor-1 (IGF-1), each detected in all four individuals. The
presence of these proteins reflects their functional roles in
supporting fertility-related physiological processes. IGF-1,
detected at 150 kDa, stimulates spermatogenesis
(Diansyah et al., 2022). AKAP4 protein, previously identified
a 99.6 kDa in Madura bull sperm, binds ATP, which is
essential for maintaining optimal sperm motility (Rosyada
et al, 2023). This function is further supported by
Blommaert et al. (2019), who reported that both mature
AKAP4 and its precursor form (proAKAP4) are actively



expressed during spermatogenesis and play a critical role
in flagellar structure formation.

Low-molecular-weight proteins in the 10-17 and 31
kDa ranges were detected in all Pesisir bulls. These include
spermadhesin 1 (SPADH1; 10 kDa), Peroxiredoxin-5
(PRDX5; 17 kDa), Binder of Sperm Protein 1 (BSP1; 11-14
kDa), and SPACA1 (31 kDa). These proteins are associated
with key functions in sperm transport and fertilization
processes. BSP1 plays a critical role in sperm-oviduct
interactions, influencing sperm binding capacity and
modulating chemotaxis, which are essential for successful
fertilization (Pardede et al., 2021). SPADH1 significantly
modulates sperm binding to the zona pellucida, which is
crucial for sperm  penetration and fertilization
(Westfalewicz et al, 2021). In addition to sperm cells,
SPADH1 is also present in seminal plasma, supporting
reproductive  success by enhancing motility and
stimulating the acrosome reaction (Iskandar et al., 2022b).
Moreover, studies in young Nellore bulls have indicated
that SPADH1 abundance correlates with reproductive
parameters, reinforcing its potential as a biomarker for
assessing male fertility (Ramirez-Lopez et al, 2023).
Consistently, Kasimanickam et al. (2019) reported higher
SPADH1 expression in the sperm and seminal plasma of
bulls with superior fertility. Overall, these findings highlight
the crucial biological roles of these proteins in motility,
capacitation, acrosome reaction, fertilization, and
protection against oxidative stress. Variation in the number
of individuals expressing specific proteins further supports
their potential use as molecular markers in sperm quality
assessment and the selection of superior Pesisir bulls.

Overall, protein band analysis using a 1D SDS-PAGE
approach successfully identified several proteins across
specific molecular weight ranges, including SPADHI1,
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PRDX5, BSP1, SPAM1, PEBP4, PARK7, PRSS55, SPACAT,
ZPBP1, TUBB1A, AKAP4, and IGF-1, which play important
roles in regulating sperm quality, motility, capacitation,
fertilization efficiency, and reproductive function in pesisir
bulls. Variation in expression among individuals further
underscores the potential of these genes as molecular
markers for sperm quality assessment and the selection of
superior bulls.

Correlation between Sperm Motility Kinematic
Parameters, Protein Concentration and Protein Band
Profiles in Pesisir Bull Sperm

The analysis results are presented as a heatmap
illustrating the degree of association between variables
(Fig. 3). The findings revealed that total motility and
progressive motility exhibited very strong positive
correlations (r=0.97; P<0.05) with nearly all kinematic
parameters, including VCL (r=0.77 and 0.71), VSL (r=0.72
and 0.71), VAP (r=0.72 and 0.71), DCL, DSL and DAP
(r>0.70). Progressive motility showed the highest
correlation with VSL (r=1.00; P<0.05), indicating that
increased sperm linear velocity substantially contributes to
forward progression, which is a key determinant of
fertilization potential. These results are consistent with
those of (Gai et al., 2022), who reported that progressive
motility is a critical predictor of fertilization success
because of its direct association with the sperm’s ability to
reach and penetrate the oocyte zona pellucida. In sperm
motility analysis, High curvilinear velocity (VCL) was also
significantly ~ associated = with  enhanced fertility,
corroborating the findings of Donnellan et al., (2022), who
reported that fertile bulls exhibit markedly higher VCL than
subfertile individuals, underscoring VCL as a valuable
reproductive performance indicator.

1.00 Fig. 3: Visualization of a heatmap of
Pearson's correlation coefficients between
sperm kinematics, sperm proteins, and total
protein bands in Pesisir bulls. The scale is
‘ based on colours ranging from red
(positive) to blue (negative); *=significant
correlation (p<0.05); **=highly significant
correlation P<0.01; SP conc=Sperm Protein
Concentration; £ SP bands=Total Sperm
Protein Band.
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Sperm kinematic parameters, including VCL, VSL, VAP,
DCL, DSL and DAP, generally exhibited very strong positive
correlations with one another, with r values ranging from
0.86 to 1.00 (P<0.05), indicating a close association
between sperm trajectory, velocity, and displacement. In
contrast, parameters such as LIN (linearity) and STR
(straightness) showed moderate correlations with velocity
and trajectory metrics (r=0.43-0.94; P<0.05). Barquero et
al. (2021) reported that sperm kinematic parameters,
including speed, trajectory, and movement patterns, play
critical roles in assessing sperm motility and directly
influence reproductive success. Furthermore, parameters
such as VCL, VAP, ALH, and BCF have been identified as
potential predictors of fertilization success (Donnellan et
al., 2022). Consistently, Bucci et al. (2019) emphasized that
a comprehensive evaluation of sperm kinematics provides
deep insights into sperm biological function and
fertilization potential, thereby serving an essential role in
diagnosing and managing male infertility.

Meanwhile, sperm protein concentration (SP conc)
exhibited negative correlations with most motility and
kinematic parameters, including DAP (r=-0.18), ALH (r=-
0.07), and most strongly with BCF (r=-0.27). These results
suggest that increased concentrations of certain sperm
proteins are generally associated with reduced in sperm
motility. Excessive protein levels may indicate cellular

stress or structural damage, particularly in the
mitochondria, which are the primary organelles
responsible for energy production. Mitochondrial

dysfunction can impair ATP synthesis, thereby reducing
the efficiency of sperm motility (Chakraborty & Saha,
2022). In Pesisir bulls, the observed sperm protein
concentration averaged 98.74 = 60.20ug/mL, remaining
within the normal physiological range and comparable to
values reported for Bali bull and buffalo semen,
highlighting that these levels do not necessarily
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compromise reproductive potential Mappanganro et al.
(2025); (Maulana et al., 2024).

The total number of sperm protein bands (X SP band)
exhibited moderate positive correlations with total motility
(r=0.54) and progressive motility (r=0.53), and very strong
correlations with sperm velocity parameters such as VCL
(r=0.62) and VAP (r=0.62). These findings suggest that the
diversity of protein expression in sperm is positively
associated with sperm motility, highlighting its potential as
a biomarker for semen quality assessment. Consistently,
previous studies have reported links between reproductive
proteins and sperm motility. Dordas-Perpinya et al.
(2024) demonstrated that proAKAP4 protein levels
positively correlated with sperm motility and velocity in
donkeys. Similarly, Mappanganro et al. (2025) identified
proteins of 50, 46, and 25 kDa that showed strong
positive associations with motility, viability, and acrosome
integrity in Bali bull sperm, including sorbitol
dehydrogenase (SORD) and glutathione peroxidase 6
(GPX6), which are known to play key roles in sperm
motility. Collectively, these findings indicate that an
integrated evaluation of sperm motility, kinematics, and
protein profiling provides a robust framework for
predicting semen quality and fertilization success.

Correlation between Sperm Protein Molecular Weight
and Sperm Motility Kinematics in Pesisir Bulls

Pearson’s correlation analysis between the presence
of protein bands across molecular weight (MW) ranges
and sperm motility parameters, as well as the total
number of protein bands in Pesisir bulls, revealed variable
patterns, suggesting potential biological roles for specific
proteins in sperm motility (Fig. 4). Among the 14 protein
bands identified in the electrophoretic profiles, only a
subset exhibited significant correlations with the sperm
motility parameters.

Fig. 4: Visualization of a
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Protein bands within the 50-75 kDa molecular weight
(MW) range exhibited significant and consistent positive
correlations with all sperm motility parameters. The
highest correlations were observed for total motility
(r=0.69; P<0.05) and progressive motility (r=0.60; P<0.05),
as well as sperm velocity parameters, including VCL
(r=0.61; P<0.05), VSL (r=0.64; P<0.05), and VAP (r=0.54;
P<0.05). Moreover, protein bands in this MW range
showed a very strong correlation with the total number of
detected protein bands (bands; r=0.91; P<0.05), indicating
that the higher abundance or presence of proteins in this
range corresponds to increased quality and complexity of
the sperm proteomic profile. Consistent with these
findings, Mappanganro et al. (2025) reported that protein
bands in the 46-50 kDa MW range displayed very strong
positive correlations with sperm motility (r=0.96) and
viability (r=0.99) in Bali cattle. The involvement of proteins
around 50 kDa is further supported by Rosyada et al.
(2023), who identified two tubulin isoforms, TUBA1A and
TUBB4B, in the sperm of Madura cattle, these proteins are
key components of microtubules essential for cilia and
flagella formation. Similarly, Maulana et al. (2024)
demonstrated that proteins in the 50-60 kDa range in
buffalo semen play critical roles in catalytic mechanisms,
particularly in the regulation of mitochondrial energy
metabolism. Additionally, Said et al. (2024) reported that
B-N-acetyl-glucosaminidase (55-50 kDa) is conservatively
involved in metabolic and fertilization processes in
buffaloes and exhibits a strong negative correlation (r=-
0.98) with sperm abnormalities in Toraya buffalo.

A similar pattern was observed for protein bands in
the 21-25 kDa range, which exhibited significant
correlations with sperm velocity parameters (VCL r=0.61;
VSL r=0.64; VAP r=0.54; P<0.05) and a very strong
correlation with the total protein band number (r=0.91;
P <0.05). Proteins identified in this range include PEBP1 and
PEBP4, which are involved in the regulation of sperm
motility and contribute to capacitation processes (Satrio et
al, 2024). These findings suggest that mid-range proteins
play a role in enhancing sperm movement quality,
particularly linearity and motility efficiency. Additionally,
bands at 33 and 37 kDa demonstrated moderate to strong
associations with motility parameters. The 37 kDa band
showed significant correlations with VCL and VSL (r=0.61;
P<0.05), as well as with VAP (r=0.54) and total band
number (r=0.91), indicating its involvement in optimizing
sperm trajectory. The 33 kDa band displayed a moderate
correlation with total motility (r=0.23) and a strong
correlation with band number (r=0.70). These proteins
have been reported in Toraja buffalo sperm (Maulana et
al, 2025) and Iragi Buffalo Bulls (Musa & Abdulkareem
2023), highlighting their important roles in sperm motility
and contributing to bull fertility.

Protein bands with low molecular weights (<17 kDa;
including 10, 11-14, 15, 17, and 20 kDa) and very high
molecular weights (=100 kDa; including 100-150 and 150
kDa) exhibited weak correlations with both sperm motility
parameters and total protein band number. Correlation
coefficients close to zero indicated that these protein
bands were relatively uniformly expressed across all Pesisir

Int J Agri Biosci, 2026, XX(X): XXX-XXX.

bulls, thereby not reflecting individual-specific variation.
This suggests that proteins within these molecular weight
ranges cannot yet be wused as individual-specific
biomarkers; rather, they are generally involved in multiple
semen quality parameters. Therefore, protein bands with
molecular weights <17 kDa may be considered general
markers of semen quality based on the sperm protein
profiles in Pesisir bulls. These findings are consistent with
those reported by Mappanganro et al. (2025), who
demonstrated that low-molecular-weight (15 kDa) and
high-molecular-weight (130-165 kDa) proteins were
consistently expressed across all Bali bulls. Similar
expression patterns were also reported by Baharun et al.
(2025) in Donggala bulls and Baharun et al. (2021) in
Simmental bulls, where proteins within these molecular
weight ranges were detected in all examined individuals.
Notably, proteins in the 5-30 kDa range belong to the
binder of sperm protein (BSP) family, including BSP1, BSP3,
and BSP5, which are involved in sperm motility and
capacitation processes (Said et al, 2024); and
(Westfalewicz et al, 2021). In addition, proteins from the
BSP family, including the BSP-30 kDa protein, have been
identified in the seminal plasma of high-fertility dairy bulls
(Viana et al,, 2018), and in the sperm and seminal plasma
of high-fertility Holstein bulls (Kasimanickam et al., 2019).

Sperm proteins with medium molecular weights (21-
24 kDa and 50-71 kDa) play a key role in supporting sperm
motility and movement quality in Pesisir bulls, whereas low
and very high molecular weight proteins tend to be non-
specific and do not contribute directly to motility. Mapping
these proteins provides a potential basis for developing
reproductive function biomarkers and proteomics-based
bull selection strategies.

Conclusion

Sperm motility kinematics in Pesisir bulls were within
the normal range, with 14 proteins identified according to
their functions. Protein bands in the 21-75 kDa range,
particularly 50-75 kDa, showed strong correlations with
sperm motility kinematics. By integrating kinematic data
with electrophoresis analysis, this study provides a more
informative and predictive framework for bull selection,
enabling an evidence-based approach that combines
motility parameters with the molecular validation of sperm
proteins.
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