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ABSTRACT

Objective: The study aimed to assess sperm motility characteristics, kinematic parameters, and
sperm protein molecular weight (MW) in Indonesian buffalo to predict fertility.

Materials and Methods: Frozen semen from Silangit (4 bulls), Murrah (4 bulls), and Toraya (2
bulls)—aged 7-10 years, was analyzed. Sperm motility was assessed using Computer Assisted
Semen Analysis, viability and abnormality were evaluated using eosin-nigrosin staining, plasma
membrane integrity was evaluated using the hypoosmotic swelling test, acrosomal status was
evaluated using lectin peanut agglutinin, protamine deficiency was evaluated using chromomycin
A3, and deoxyribonucleic acid (DNA) integrity was evaluated using Halomax. Protein concentra-
tion was determined using the bicinchoninic acid method and characterized with sodium dodecyl
sulfate-polyacrylamide gel electrophoresis.
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Results: The study revealed breed-specific variations in semen quality. Silangit buffaloes exhibited
lower DNA integrity, while Murrah buffaloes showed elevated motility and membrane integrity.
Toraya buffaloes displayed higher normal morphology and protamine status, though they had
lower viability. Notable differences in protein expression included the presence of SPAG9 and the
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absence of IZUMO1 in Toraya buffaloes. Protein MW analysis further showed correlations with
sperm characteristics. In Murrah buffaloes, proteins within the 130-125 kilodalton (kDa) range
were negatively correlated with acrosome integrity, whereas in Toraya buffaloes, proteins within
the 55-50 kDa range were negatively correlated with sperm abnormalities. Silangit buffaloes
showed a positive correlation between proteins at 32 kDa and sperm abnormalities.

Conclusion: Analyzing protein MW through SDS-PAGE provides a promising approach for assess-
ing semen quality in indigenous Indonesian buffalo bulls. Although the semen quality of the buf-
faloes in this study was variable, all bulls met the established Indonesian standards for semen
quality and exhibited adequate fertilization potential. These results provide valuable insights into
the reproductive biology of Indonesian buffalo bulls and form the basis for predicting fertility
capacity through a comprehensive analysis of sperm characteristics and molecular profiles of
sperm proteins.

Introduction livestock species that is still widely distributed and devel-

Indonesia is a country with outstanding biodiversity and oped in Southeast Asia, especially in Indonesia [1]. Several

a wide range of genetic resources for livestock, including
indigenous, local, and introduced animals. Buffalo is a

well-developed local buffalo breeds exist in Indonesia,

including Silangit, Murrah, and Toraya buffalo (Fig. 1).
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Buffalo meat has significant human health benefits,
including lower cholesterol content than beef. Buffalo milk
has higher protein content, fewer somatic cells, and less
cholesterol [2], higher milk quality (higher solids content)
and meat (lower intramuscular fat content), higher resis-
tance to parasitic infections, good feed conversion, and
low maintenance requirements that are also profitable for
farmers. Despite these advantages, buffaloes have lower
reproductive performance than other animals worldwide.
They are prone to various reproductive disorders, includ-
ing delayed puberty, inadequate expression of estrus,
prolonged ovarian inactivity after birth, and significantly
reduced conception rates, particularly when artificial
breeding methods are used.

Semen quality assessment provides valuable infor-
mation about the reproductive potential and fertility
of bulls, which is essential for successful breeding and
genetic improvement programs. By evaluating semen
quality parameters such as sperm concentration, motility,
morphology, viability, and deoxyribonucleic acid (DNA)
integrity, breeders can make informed decisions about
selecting better sires for artificial insemination (AIC) and
natural breeding. The fluorescent staining technology uses
fluorescent dyes that bind either indirectly or directly to
a portion of the sperm function or structure, such as the
membrane, mitochondria, acrosome, or DNA. Various flu-
orescent staining techniques have examined sperm via-
bility, acrosome state, and mitochondrial activity. These
parameters are considered useful for in vitro testing and
predicting fertility in the field [3]. The advent of comput-
er-assisted semen analysis (CASA) has provided a means
to obtain objective data on various aspects of sperm qual-
ity, including progression and kinetic parameters. CASA
provides valuable insights into several parameters, includ-
ing progressive motility (pMOT), average path velocity
(VAP), curvilinear velocity (VCL), lateral head displace-
ment (ALH), straight-line velocity (VSL), and beat-cross
frequency (BCF) [4].

Conventional semen parameters are currently con-
sidered insufficient for predicting the fertility of a bull.
Consequently, genetic markers are needed for a more accu-
rate prediction of fertility rates and contribute to the selec-
tion of bulls. The use of genes and proteins in sperm and
seminal plasma as molecular markers in combination with
semen quality evaluation has been widely reported and is
thought to be more effective.

Comprehensive data on the reproductive performance
of buffalo bulls is still limited. Therefore, this study aims to
evaluate the characteristics of semen quality, CASA motil-
ity, kinetic parameters, and fluorescein staining results of
cryopreserved bull semen and the profile of the MW of
sperm proteins in Indonesian buffalo bulls to predict the
fertility capacity of bulls. These results provide valuable
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insights into the reproductive biology of Indonesian buf-
falo bulls and form the basis for fertility prediction through
a comprehensive analysis of semen characteristics and
sperm protein molecular profiles.

Materials and Methods
Ethical approval

This study was approved by the Animal Ethics Committee
of the National Research and Innovation Agency (BRIN)
under certificate number 093 /KE.02/SK/05/2023, regard-
ing the use of animal models and experimental design.
It included three Indonesian buffalo breeds: Silangit (4
bulls), Murrah (4 bulls), and Toraya (2 bulls), aged 7-10
years. These buffaloes were maintained by current ethical
guidelines for animal care at the Artificial Insemination
Centre (AIC).

Study period and location

This study was conducted from May to November 2023.
Frozen semen from Murrah buffaloes was obtained from
the National AIC in Lembang Bandung, West Java; Silangit
buffaloes from the Regional AIC in Medan, North Sumatera;
and Toraya buffaloes from the Regional AIC in Pucak, South
Sulawesi. Analyses of sperm quality characteristics, CASA
motility, kinetic parameters, immunofluorescence of cryo-
preserved semen, and the molecular weight (MW) profiles
of sperm proteins were carried out at the Research Centre
for Applied Zoology, BRIN.

Sperm characteristics of frozen semen

The stained slides were evaluated using a light microscope
at 400 x magnification, and at least 400 sperm cells were
analyzed in each sample. Values for viability, abnormali-
ties, and membrane integrity are expressed as a percent-
age (%).

The acrosomal status of semen samples was evaluated
by using lectin peanut agglutinin (FITC-PNA, Sigma St. Luis
MO) fluorescence stain combined with propidium iodide.
The protamine status of each sperm cell was determined
using the chromomycin A3 (CMA3, Sigma St. Luis MO)
technique. To evaluate the DNA integrity of frozen-thawed
sperm was evaluated by using the Halomax (Halotech DNA
S.L. Spain) staining technique [5].

Computer-assisted semen analysis

Sperm motility was assessed by CASA at a temperature of
38°C using the Sperm Vision Program (Minitub, Tiefenbach,
Germany). Parameters measured included sperm kinemat-
ics progressive motility (Pmot%), VCL (velocity curved
line um/second), velocity straight line (VSL pm/second),
velocity average path (VAP pm/second), amplitude of
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lateral head displacement (ALH um), beat cross frequency
(BCF Hz), straightness (STR%), velocity straight line (VSL
um/second), velocity of the average path (VAP um/sec-
ond), linearity (LIN%), and wobble (WOB%).

Determination of frozen semen protein

The frozen semen was thawed in a water bath at 37°C for
30 seconds, then washed three times with phosphate-buf-
fer saline and centrifuged at 1800 rpm. The sperm pellet
was subsequently extracted using PRO-PREP™ protein
extraction solution (iNtRON Biotechnologi, Korea) accord-
ing to the manufacturer’s instructions. The total solu-
ble protein concentration of the sample was measured
by the bicinchoninic acid (BCA) method for colorimetric
detection and quantitation of total protein with Pierce™
BCA Protein Assay Kit 23225 (Thermo Scientific™, USA)
before sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) analysis. SDS-PAGE analysis was
performed to determine the protein profile based on MW,
which was visualized as bands on the gel. Protein separa-
tion was performed using a Precast Gel SDS-PAGE, M01210
(ExpressPlus, Genscript Biotech Corp., Hong Kong), with a
12% polyacrylamide gel containing sodium dodecyl sul-
fate (SDS). The separation was carried out at 140 V and 75
mA for 55 min. The gel was then stained with coomassie
brilliant blue (CBB). The marker used was the Broad Multi-
Color Pre-Stained Protein Standard M00624 (Genscript
Biotech Corp., Hong Kong), with a MW range of approxi-
mately 5-270 kilodalton (kDa). The differential intensity
of each protein band was then quantified using ratio anal-
ysis with Image] software.

Data analysis

The research data were analyzed using Minitab Statistical
Software version 18.1 (Minitab for Windows, Minitab, Inc.,
USA). A normality test was performed on the data using
the Shapiro-Wilk test, followed by the Levene test for
homogeneity. As the data were normally distributed and

exhibited homogeneity of variance, analysis proceeded
with one-way analysis of variance. Tukey’s post-hoc test
was conducted to assess differences between the vari-
ables tested. Spearman’s correlation analysis was used to
evaluate the relationship between sperm protein MW and
sperm quality.

Results and Discussion

Sperm characteristics of frozen semen Indonesia buffalo
bulls

The percentage characteristics of sperm from Buffalo
bulls’ frozen semen are presented in Table 1. Overall, fro-
zen semen from Murrah, Silangit, and Toraya buffalo bulls
met the Indonesian national standards for frozen buffalo
semen, which require post-thawing motility to exceed
40% (SNI 4869-2:2021). As shown in Table 1, buffalo
semen exhibits a range of characteristics. The DNA integ-
rity of Silangit buffalo sperm was significantly lower (p <
0.05) compared to the other buffalo breeds. Sperm motil-
ity and plasma membrane integrity were significantly
higher in Murrah buffaloes (p < 0.05). The percentage of
normal morphology and protamine status was signifi-
cantly greater in Toraya buffaloes (p < 0.05), while sperm
viability was significantly lower (p < 0.05) compared to the
other breeds.

The results showed that Murrah buffaloes exhibited sig-
nificantly higher sperm motility, plasma membrane integ-
rity, and acrosomal integrity. In contrast, the DNA integrity
of Silangit buffalo sperm was significantly lower (p < 0.05)
compared to other buffalo breeds. In comparison, Toraya
buffalo showed significantly higher proportions of nor-
mal sperm morphology and protamine status (p < 0.05).
However, their sperm viability was significantly lower
compared to the other buffalo breeds (p < 0.05) (Table 1).

Sperm motility has been positively correlated with bull
fertility [6]. Among all semen quality parameters, sperm
motility is considered a key predictor of male fertility

Table 1. Sperm characteristics of frozen semen Indonesian buffalo bulls.

Buffalo bulls (Mean * SD)

Parameters

Silangit Murrah Toraya
Motility (%) 60.57 £ 5.96° 66.46 +2.7° 62.63 +2.33°
Viability (%) 66.85 +2.82° 69.24 +4.52° 59.49 +3.82¢
Abnormality (%) 10.16 + 1.19° 6.88 + 0.95° 4.55+0.69°
Plasma membrane Integrity (%) 63.11 £ 2.91° 66.67 + 3.74° 61.26 + 1.44°
Acrosomal integrity (%) 97.71+1.09% 95.46 + 0.68° 97.61 + 0.64°
Protamine status (%) 95.54 +2.11° 94.93 +1.23° 97.97 +1.37°
DNA integrity (%) 89.74 + 3.54° 96.67 +3.62° 96.09 +2.12b
Means in the same row with different superscripts differ significantly (p < 0.05).
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potential [7]. High levels of motility are associated with
enhanced mitochondrial capacity to generate adenos-
ine triphosphate (ATP), which is essential in maintain-
ing sperm flagella movement [8]. Sperm motility relies
on the availability of sufficient energy, primarily derived
from ATP, which is generated along the axoneme-micro-
tubule pathway through the hydrolysis of dynein ATPase
[9]. It is important to note that the energy required for
sperm movement results from the interplay between gly-
colysis and oxidative phosphorylation mechanisms, which
together contribute to ATP production within the microtu-
bules [10].

The viability of sperm is one of the determining param-
eters for the quality of sperm. It is determined by the num-
ber of surviving sperm cells, which is assessed using the
eosin-nigrosine staining procedure. Frozen semen with a
sperm viability percentage ranging from 64% to 80% is
considered suitable for Al In this study, the sperm viabil-
ity of Silangit buffaloes (66.85 + 2.85), Murrah buffaloes
(69.24 * 4.52), and Toraya buffaloes (59.49 + 3.82) indi-
cated good quality sperm for Al. These results were pre-
viously reported by Ansari et al. [11], using frozen semen
from Nili-Ravi buffaloes.

In this study, analysis of abnormal sperm morphology
showed significantly higher value in Silangit buffaloes
(10.16 = 1.19) compared to Murrah buffaloes (6.88 + 0.95)
and Toraya buffaloes (4.55 = 0.69) (Table 1). The sperm
abnormality rate is 31.86% in swamp buffaloes. Stress
caused by elevated temperatures is particularly detrimen-
tal to sperm quality. Furthermore, inadequate nutrition
and the stress resulting from a combination of environ-
mental factors and pathogens can negatively impact sper-
matogenesis and spermiation [12]. Malfunctions during
spermatogenesis or spermiogenesis, along with genetic
factors, diseases, and inappropriate environmental con-
ditions, contribute to primary sperm abnormalities.
Abnormalities in any part or organelle of the sperm can
compromise sperm motility [13].

The integrity of the plasma membrane is a critical deter-
minant of sperm functionality, as it directly influences
metabolic processes and is closely associated with sperm
motility and viability [14]. The plasma membrane plays
a pivotal role in maintaining osmotic balance, facilitating
the transport of essential substances, and preserving the
structural integrity of both the mitochondrial membrane
and acrosome. Disruption of the plasma membrane com-
promises sperm motility, viability, and acrosomal integ-
rity. In the present study, plasma membrane integrity was
significantly higher in Murrah buffaloes (66.67 + 3.74)
compared to Silangit buffaloes (63.11 + 2.91) and Toraya
buffaloes (61.26 * 1.44). Sperm motility is generally
expected to be in accordance with or exceed the integrity
of the plasma membrane. The sperm motility observed in
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the buffalo bulls in this study ranged between 60% and
66%. Membrane damage leads to a loss of motility, accel-
erated metabolic disturbances, morphological changes,
disintegration of the acrosomal cap, and the release of
intracellular components.

Fluorescent labeling of the plasma membrane and
organelles of sperm has been widely employed to assess
various sperm quality parameters, including viability,
acrosome integrity, and mitochondrial function. In this
study, acrosome integrity (Table 1) showed a significant
difference between Silangit buffalo (97.71 + 1.09), Murrah
buffalo (95.46 * 0.68), and Toraya buffalo (97.61 + 0.64).
Acrosome integrity is a key determinant of fertility, as it
plays a critical role in sperm function during fertilization.

For successful fertilization through Al, sperm must
retain intact acrosomes upon insemination into the female
reproductive tract. Upon reaching the fertilization site,
sperm must undergo an immediate acrosomal reaction
(AR) [15]. The acrosome mediates the AR, a vital process
for the fusion between sperm and oocyte. During this reac-
tion, the sperm’s plasma membrane fuses with the outer
acrosomal membrane, leading to the exocytosis of acro-
somal contents. This fusion activates acrosomal enzymes,
enabling sperm to penetrate the zona pellucida. The integ-
rity of the acrosome is essential for successful fertilization,
as premature AR before oocyte contact results in sperm
incapacity to fertilize the oocyte.

Protamine deficiency was assessed using fluorescent
CMA3 staining, as shown in Figure 2.3 and Table 1. The
results showed no significant difference in protamine
deficiency between the Silangit buffalo (95.54 + 2.19) and
Murrah buffalo (94.93 # 1.23), although both exhibited
significantly lower values compared to the Toraya buffalo
(97.97 £ 1.37), Protamine deficiency was found to be below
6% in both buffalo breeds. This finding is slightly higher
than that reported in Bali bulls (protamine deficiency <
5%) by Hasbi et al. [16] and in Simmental bulls (prota-
mine deficiency < 4%) by Baharun et al. [17]. However,
the observed deficiency was lower than the 23.05% pro-
tamine deficiency reported by Carreira et al. [18]. CMA3,
a guanine-cytosine-specific fluorochrome, competes with
protamine binding sites on DNA, causing chromomycin to
bind to DNA, which leads to fluorescence in sperm with
low protamine levels. Disruption of protamine binding can
result in significant DNA instability, leading to elevated lev-
els of DNA damage [19] and morphological abnormalities
in sperm heads.

In this study, DNA integrity assessed using the Halomax
method was significantly lower (p < 0.01) in Silangit buf-
falo bulls (89.74 = 3.54) than in Murrah (96.67 + 3.62)
and Toraya buffalo bulls (96.09 + 2.12) (Table 1, Fig.
2.2). DNA damage levels of 3%-8% have been reported
in Simmental bulls [17], while it is less than 5% in Bali
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Figure 2. Magnification 630x, microscope fluorescence, Imager Z7, Carl Zeiss, Germany. 1: Acrosomal status; 1la: Intact acrosome
(yellow fluorescence in the acrosome); 1b:non-intact acrosome (red fluorescence no acrosome); 2: DNA integrity; 2a: Normal DNA
(intact fluorescence); 2b: Fragmented DNA (shrink-dimmer fluorescence); 3: Protamine status; 3a: Normal/complete protamine
(dark/dull green fluorescence); 3b: Protamine deficiency (yellow fluorescence).

cattle [5]. A reduction in male fertility when DNA damage
exceeded 10%. Previous studies have reported that DNA
damage below 15% was considered normal, whereas lev-
els between 15% and 25% were associated with reduced
fertility [20]. DNA damage of more than 25% was classified
as a sign of infertility [20]. The results of this study with
buffalo bulls showed that the DNA fragmentation rates in
buffalo bulls were within the established acceptable range,
suggesting that sperm quality remained intact despite the
freezing process. Oxidative stress is recognized as a major
contributor to sperm DNA damage, leading to compro-
mised sperm membrane integrity and reduced motility
[21]. Furthermore, elevated ambient temperatures can
increase testicular heat, exacerbating DNA damage in
sperm.

Computer-assisted semen analysis

Table 2 showed that the CASA movement patterns, includ-
ing pMot, (DCL), DSL, and VCL, were not significantly
different between the buffaloes (p > 0.05). However, the
movement parameters of DAP, VAP, and ALH were sig-
nificantly lower (p < 0.05) in Silangit buffaloes compared
to other buffaloes. Conversely, Murrah buffaloes showed
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significantly higher values (p < 0.05) for VCL, LIN, and
WOB, while Toraya buffaloes exhibited significantly lower
(p < 0.05) LIN values. These results indicate significant
differences in motility and kinetic characteristics among
Silangit, Murrah, and Toraya buffaloes.

Sperm motility is a critical indicator of sperm viability
and structural integrity, playing a pivotal role in determin-
ing fertilization potential. The CASA provides precise and
accurate data on various characteristics of sperm motility.
In recent decades, the role of sperm motility in fertiliza-
tion has garnered considerable attention, with motility
now universally acknowledged as a fundamental criterion
in evaluating sperm fertilizing ability [22]. Furthermore,
motility parameters such as the ALH, VSL, VCL, and LIN
have been reported to correlate with fertility in humans
[23].

In this study, sperm motility was significantly higher
(p < 0.05) in Murrah buffaloes compared to Silangit and
Toraya buffaloes (Table 1). However, there was no differ-
ence in pMOT (Table 2). These results showed higher val-
ues compared to previous studies, where frozen Murrah
buffalo semen had motility and pMOT of 57.41 + 0.92 and
23.56 * 0.60, respectively [24]. This difference could be
due to differences in the diluent used in freezing the sperm.
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Table 2. Computer-assisted semen analysis movement patterns in the sperm of frozen semen Indonesian

buffalo.
Buffalo bulls (Mean % SD)
Parameters
Silangit Murrah Toraya

Progressive motility, pMot (%) 53.11+8.01 53.76 £ 6.25 52.52+2.71
Distance average path, DAP (um/second) 26.46 + 4.95° 31.04 +6.25° 29.42 +3.04°
Distance curve length, DCL (um/second) 41.42 +6.88 42.52 +6.25 41.78 +3.04
Distance straight length, DSL (um/second) 22.23+4.15 23.19+4.76 20.38 £1.89
Velocity average path, VAP (um/second) 62.34 + 8.01° 71.40 +7.76° 69.89 +3.97°
Velocity curve length, VCL (um/second) 101.21+7.87 108.99 +9.04 101.18 £ 4.18
Velocity straight length, VSL (um/second) 47.72 £ 4.56° 57.38 +4.42° 47.82 £ 3.75°
Straightness, STR (%) 73.56 + 3.41° 73.25+5.31° 66.87 £ 2.06°
Linearity, LIN (%) 50.5 + 3.36° 53.50 + 3.86° 46.81+2.71°
Wobble, WOB (%) 67.25 +3.39° 71.18 £2.10° 68.19 +1.22°
Amplitude of lateral head, ALH (um) 3.93+0.7° 4.34 +0.74° 5.29+0.72°
Beat cross frequency, BCF (Hz) 27.08 + 3.31° 28.61 + 3.82° 23.04 +1.04°

Means in the same row with different superscripts differ significantly (p < 0.05).

The diluent in this study was skimmed-egg yolk, whereas
tris-egg yolk was used in previous studies.

The DCL measures the distance sperm moves per sec-
ond along a curved path. In this study, sperm showed no
difference in DAP, DCL, and DSL between Silangit, Murrah,
and Toraya bulls after thawing.

The sperm velocity parameters, including VAP and VSL,
exhibited significant differences (p < 0.05) between the
buffalo bulls after thawing. Specifically, the VAP was sig-
nificantly lower (p < 0.05) in the Silangit bull compared to
the other bulls, while the VSL was significantly higher (p <
0.05) in the Murrah bull. The evaluation of VAP, VSL, and
VCL is crucial for assessing sperm quality, as both VAP and
VCL are positively correlated with fertility. Notably, bulls
with high fertility typically exhibit significantly higher VAP
and VCL values than bulls with medium or low fertility.
Sperm movement is considered to possess strong fertility
potential when VCL > 70 um/second, VSL > 70 um/sec-
ond, and VAP > 45 pm/second [25]. Based on these crite-
ria, the results of this study suggest that Silangit, Murrah,
and Toraya bulls demonstrate robust fertility potential,
evidenced by their “rapid” motility, with VCL exceeding
90 um/second. In terms of sperm kinematics, the STR and
LIN parameters were significantly lower (p < 0.05) in the
Toraya bull compared to the Murrah and Silangit bulls.
Additionally, when comparing all three buffalo breeds, the
Murrah bull showed significantly higher WOB, the Silangit
bull exhibited significantly lower ALH, and the Toraya bull
demonstrated significantly lower BCF. Overall, the kine-
matic analysis of sperm in this study indicates that all buf-
falo bulls, regardless of breed, exhibit substantial fertility
potential.
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Sperm protein profiles of buffalo bulls assessed by 1D-SDS
page

The sperm protein profile based on MW as analyzed by
1D-SDS PAGE is presented in Table 3. A total of 10 pro-
tein bands were identified, with MWs of 175 kDa, 130-
125 kDa, 95-90 kDa, 85-75 kDa, 65 kDa, 55-50 kDa, 45
kDa, 35 kDa, 32 kDa, and 30-5 kDa. Among these, the
protein bands in the ranges of 130-125 kDa, 95-90 kDa,
55-50 kDa, 35 kDa, 32 kDa, and 30-5 kDa were identi-
fied as HYOU1, Arylsulfatase-a, f3-protein-N-acetyl-guic-
osaminidase, glutathione peroxidase 3, sperm acrosome
membrane-associated protein 1, BSP A1/A2, BSP-A3, and
BSP-30, respectively, in Silangit, Murrah, and Toraya buffa-
loes. These protein markers are essential for sperm func-
tion and are indicative of key physiological processes such
as acrosomal reaction, antioxidant defense, and membrane
stability.

A correlation between sperm quality and bull fertil-
ity has been reported in various species, including cat-
tle [17], goats [26], and horses [27]. However, studies on
sperm proteins in buffalo remain relatively limited. Sperm
undergoes interactions with a wide range of proteins at
different stages of their lifecycle, from spermatogenesis to
ejaculation. These interactions are integral to their fertiliz-
ing capability [28]. The expression of proteins involved in
biological functions such as reproduction, stress response,
and metabolic processes significantly influences sperm
function. Proteins regulating motility, immunity, capaci-
tation, adhesion, acrosome reaction (AR), and zona pellu-
cida binding play a crucial role in determining fertilization
potential [29]. Variations in the expression of the SPAG9
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Table 3. Sperm protein profiles of buffalo bulls assessed by 1D-SDS page.

Proteins

References

Buffalo Bulls

MW (kDa)

Silangit Murrah Toraya
Sperm-associated antigen 9 (SPAG9) [29] 175 - - +
Hypoxia up-regulated 1 (HYOU1) [30] 130-125 + + +
Arylsulfatase-a [31] 95-90 + + +
Heat shock-protein 70 (HSP70) [33] 85-75 + - -
Heat stock-protein 2 (HSP2) [32] 65 - - +
-N-asetil-guicosaminidase [36] 55-50 + + +
Izumo sperm-egg fusion protein 1 (IZUMO1) [34,35] 45 + + -
Glutathione peroxidase 3 [37] 35 + + +
Sperm acrosome membrane-associated protein 1 (SPACA1) [38,39] 32 + + +
Binder sperm protein (BSP) A1/A2, BSP-A3 dan BSP-30 (BSP1, [39] 30-5 + + +

BSP3, dan BSP5)

protein among Silangit, Murrah, and Toraya buffaloes may
be linked to genetic differences that impact protein regu-
lation, sperm quality, and overall productivity. Toraya buf-
faloes may harbor unique genetic traits or variations that
influence the expression of the SPAG9 protein. Genetic
diversity within buffalo populations contributes to vari-
ability in protein expression patterns, and the distinct
presence of SPAGY in the acrosomal compartment under-
scores its role in sperm-ovum interaction. Studies focus-
ing on tissue-specific expression have revealed that SPAG9
transcripts are exclusively localized in the testis, highlight-
ing their relevance to sperm function and fertilization.

A protein with a MW of 130-125 kDa has been identi-
fied as the HYOU1 protein in Silangit, Murrah, and Toraya
buffaloes. HYOU1 is part of a large multi-complex aggregate
associated with cytoprotective mechanisms. The presence
of this 130-125 kDa protein suggests a conserved role in
response to specific environmental stressors, potentially
involving temperature regulation, oxidative stress, or
biological processes related to hypoxia. HYOU1 has been
found in the plasma membranes of human sperm, high-
lighting its relevance in cellular protection [30].

The presence of the MW 0f 95-90 kDa protein in Silangit,
Murrah, and Toraya buffaloes indicates uniform expres-
sion of the Aylsulfatase-a protein. This protein is involved
in the breakdown of sulfur compounds in biological pro-
cesses involving sulfate groups. Moura et al. [30] reported
that Arylsulfatase-a has MWs between 71 and 100 kDa, a
protein from the cauda epididymis. Aylsulfatase-a plays
a role as a molecular receptor complex in the process of
sperm-oocyte recognition, and it plays a role in male fer-
tility [31].

Variations in the expression of heat shock proteins
(HSP70 and HSP2) in Silangit, Murrah, and Toraya buf-
faloes indicated different responses to heat stress. This
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is related to environmental differences or genetic adap-
tations between the buffalo species. Heat shock proteins
form a group of structurally unrelated proteins that are
categorized into the HSP100 (HSPH), HSP90 (HSPC),
HSP70 (HSPA), HSP60 (HSPD), and HSP27 (HSPB) families
in mammals [32]. Heat shock proteins have been detected
on the surface of mouse, rat, bull, boar, and human sperm,
and HSP70 family members appear to be common compo-
nents of the sperm surface [33].

The MW 45 kDa was expressed in both Silangit and
Murrah buffaloes and was identified as IZUMO1. This pro-
tein plays a crucial role in facilitating the AR, an essential
process for sperm-egg fusion. However, the absence of the
MW 45 kDa in Toraya buffalo suggests genetic or regula-
tory differences among buffalo breeds. Further research is
needed to better understand the mechanisms underlying
IZUMO1 expression and its implications for reproductive
biology in buffalo populations.

Protein bands of 26 and 55 kDa were reported in highly
fertile bulls. Fukuda et al. [34] reported the expression of
[IZUMO1 in the testis, epididymis, and liver of Japanese
Black cattle. IZUMO1 is involved in the fusion of sperm and
egg. The MWs of IZUMO1 in ejaculated boar sperm were
found to be 42 kDa and 45 kDa in bulls [35]. The presence
of f3-N-acetyl-glucosaminidase protein in all buffaloes
indicates a conservative role in metabolic and fertilization
processes. Kausar et al. [36] reported -N-acetyl-glucos-
aminidase activity in milk samples obtained from unin-
fected mammary glands of Nilli-Ravi buffaloes, Sahiwal
cows, and cross-bred cows to elucidate the enzymatic
activity of NAGase and its potential impact for mammary
gland health in these specific breeds of NAGase, which is
known for its involvement in the degradation of glycos-
aminoglycan, could play a crucial role in understanding
the health status, especially related to infections, in the
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mammary glands of Nilli-Ravi buffaloes, Sahiwal cows, and
cross-bred cows.

Glutathione peroxidase 3 is expressed at MW 35 kDa
in Silangit, Murrah, and Toraya buffalo. These proteins
play a role in protecting cells from oxidative damage and
are associated with the acrosomal membrane of sperm.
Glutathione peroxidase 3 specifically protects sperm cells
from free radical-induced damage, as highlighted by pre-
vious studies [37]. The presence of phospholipid hydrop-
eroxide glutathione in bull sperm serves as a distinctive
indicator and unique marker of analyzing semen quality.

SPACA1, detected in Silangit, Murrah, and Toraya buf-
faloes at a MW of 32 kDa, is another important protein
involved in sperm function. According to Rosyada et al.
[38], SPACA1 is expressed in the epididymis during sperm
maturation and plays a crucial role in maintaining acro-
some and sperm fertility. The expression of SPACA1 in
these buffalo breeds suggests its involvement in sperm
functionality, which is essential for successful fertilization
[33].

The BSP protein, with an MW of 5-30 kDa, is present
in Silangit, Murrah, and Toraya buffaloes. The presence of
BSP has indicated its function and interaction with sperm,
is associated with fertility, and contributes to the mainte-
nance of sperm integrity. Some studies on BSPs have been
reported in bulls, where BSPs are known to interact with
sperm during ejaculation, play a role in capacitation, facil-
itate the interaction between sperm and oviductal epithe-
lia, and influence the process of fertilization [39]. BSP1
is a low MW glycosylated protein and the most abundant
among all BSPs.

Correlation between sperm protein MW and sperm quality

The analysis results showed a significant correlation (p <
0.05) between MW of sperm protein and semen quality,
as presented in Table 4. Proteins with a MW of 130-125
kDa showed a negative correlation (-0.990) with acro-
some integrity in Murrah buffaloes, while those with a
MW of 85-75 kDa showed a positive correlation (+0.990).
Proteins with a MW of 55-50 kDa showed a negative cor-
relation (-0.984) with sperm abnormalities in Toraya
buffaloes. Conversely, a positive correlation (+0.959) was
found between the protein with an MW of 32 kDa and the
sperm abnormalities in Silangit buffalo.

The present study found a correlation between sperm
protein MW and sperm quality in Indonesian buffalo bulls.
Proteins with a MW of 130-125 kDa showed a negative
correlation (-0.990) with acrosome integrity in Murrah
buffalo, while those with a MW of 85-75 kDa showed a
positive correlation (+0.990). Proteins with a MW of 55-50
kDa showed a negative correlation (-0.984) with the
abnormalities in Toraya buffaloes. Additionally, a positive
correlation (+0.959) was found between the protein with
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Table 4. Correlation between MW of sperm protein and sperm quality.

Toraya

Murrah

Silangit

Membrane

Membrane

Membrane

plasma

MW (kDa)

Acrosome
integrity

Acrosome
integrity

Acrosome
integrity

integrity
(-) 0.628

plasma
(+)0.817

Abnormality

plasma Motility

integrity

Motility Abnormality
integrity

Abnormality

Motility

(-)0.634
(-)0.510
(+) 0.650

(-)0.919

(+) 0.644

(+) 0.474
(-)0.324

(+)0.629

175
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(-)0.724
(-)0.102
(-)0.725

(+)0.843
(-)0.061
(-)0.844

(-)0.990*
(+)0.424
(+)0.990*

(-)0.577
(-)0.205
(-)0.579

(-)0.923
(-) 0.036

(+)0.378

(-)0.791
(-) 0.292
(+) 0.678

(+) 0.341

(+) 0.385

130-125

(-) 0.451

0

(-) 0.608 (+) 0.592

(-) 0.517

95-90

(=) 0.002

85-75

0.263
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*Significant correlation (p < 0.05): MW (molecular weight); very strong (0.76—0.99); strong (0.51-0.75); fair (0.26—0.50); weak (0)
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a MW of 32 kDa and the sperm abnormalities in Silangit
buffaloes. These results suggest that specific proteins play
a role in the normal spermatogenesis process. Fu et al.
[28] reported that seminal plasma proteins are involved
in sperm maturation through the activated protein kinase
pathway. Sperm motility and morphology are crucial fac-
tors in determining the fertility or fertilization success of
bulls. To fertilize the oocyte, sperm must be alive, motile
(with progressive movement), have normal morphology,
and possess intact DNA [40]. The correlations observed in
this study regarding molecular proteins in sperm provide
additional insights for selecting superior bull candidates.

Conclusion

Analyzing protein MW through SDS-PAGE provides a
promising approach for assessing semen quality in indige-
nous Indonesian buffalo bulls. Although the semen quality
of the buffaloes in this study was variable, all bulls met the
established Indonesian standards for semen quality and
exhibited adequate fertilization potential. These results
provide valuable insights into the reproductive biology of
Indonesian buffalo bulls and form the basis for predict-
ing fertility capacity through a comprehensive analysis
of sperm characteristics and molecular profiles of sperm
proteins.
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