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ORIGINAL ARTICLE

The fertility rate of bulls in a breeding program is not only described by the quantity and quality of semen. Factors,
such as the interstice factor of the sperm and the plasma component of semen, affect the fertility rate of bulls. The
fertility rate can also be determined by identifying the protein content of semen plasma. Therefore, the current study
aimed to identify the relationship between seminal plasma protein molecular weight and semen quality of Balipolled bulls. The study was conducted at the Laboratory of Semen Processing, Faculty of Animal Science,
Hasanuddin University, Makassar, Indonesia, the Research Center for Applied Zoology, National Research and
Innovation Agency, Cibinong, Indonesia and the Laboratory of Animal Biotechnology Center, IPB University,
Bogor, Indonesia from November 2021 to January 2022. The samples came from 5 Bali-polled and 5 Bali-horned
bulls. Semen collection was conducted twice a week using an artificial vagina. The concentration of seminal plasma
protein was determined by the Bradford method of 1D-SDS-PAGE. The study results showed that fresh semen of
Bali-polled and Bali-horned bulls was considered a normal category. Seminal plasma proteins of Bali-polled and
Bali-horned bulls were classified using 8 bands to categorize molecular weight; 150 kD (IGF-1), 110 kD (A-kinase
anchoring protein 3), 93 kD (A-kinase anchoring protein 4), 54-87 kD (Arylsulfatase-a), 44-62 kD (N-Acetyl-ßGuicosaminidase), 44kD (Phosphoglycerate kinase), 15-30 kD (BSP A1/A2, BSP-A3 and BSP-30 [BSP1, BSP3,
and BSP5]) and 12-14 kD (Acidic seminal fluid proteins). The findings indicated that both Bali-polled and Balihorned bulls could have a high reproductive rate. In conclusion, protein analysis based on molecular weight using
1D-SDS-PAGE can be used as a biomarker for semen quality in Bali-polled bulls. Therefore, evaluating the semen
quality with a molecular basis as an additional indicator of superior bull in the selection process is an alternative
method.
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INTRODUCTION
Livestock reproductive biotechnology has now developed and opened up great opportunities to explore the potential for
reproductive performance, as well as increasing population, and genetic quality of livestock. Artificial insemination (AI)
is the first generation of reproductive technology that aims to efficiently utilize superior males, avoid the spread of
reproductive diseases, and improve the genetic quality of livestock (Syahruddin, 2020). Artificial insemination
technology has the potential to be used for the development of Bali-polled cattle in Indonesia. Thus, the selection of
polled bulls becomes very important, especially in modern livestock management (Brockmann, 2000).
Conventionally, the breeding soundness evaluation (BSE) technique was used to test the reproductive ability of an
animal. The BSE is repeatable, easy to perform, and correlates with male fertility (Thundathil et al., 2016). The
assessment method of BSE is not limited to the bulls that can reach the BSE threshold or exceed it. The method provides
an opportunity for males with low potential to be selected in case only one aspect of the BSE test is observed (Alexander,
2008).
According to Kaya and Memili (2016), the fertility rate of bulls in a breeding program is not only described by the
quantity and quality of semen. In the same line, Viana et al. (2018) found that many factors contributed to determining
the quality of sperm, such as the interstice factor of the sperm and the plasma component of semen. Moreover, the
protein function affects the fertility rates in bulls depending on the protein content of semen plasma (Druart and de
Graaf, 2018).
The protein in seminal plasma plays an important role in sperm protector regulations (Fu et al., 2019).
Understanding the physiological way seminal plasma proteins’ function can help breeder bulls become more fertile and
have less infertility. Some specific proteins in semen have been linked to fertility although many seminal proteins still
have unresolved functions and correlations with fertility indices (Kumar et al., 2012). Therefore, there is a need for
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further studies to investigate the relationship between semen plasma protein and bulls’ fertility. The current study aimed
to identify the relationship between seminal plasma protein molecular weight and semen quality of Bali-polled bull.
MATERIALS AND METHODS
Ethical approval
All procedures in the present study were approved by the University Animal Ethics Committee of Hasanuddin
University, Makassar, Indonesia.
Study area and period
The study was conducted at the Laboratory of Animal Reproduction, Semen Processing Unit, Faculty of Animal
Science, Hasanuddin University, Makassar, Indonesia. Determination of seminal plasma protein was analyzed at the
Research Center for Applied Zoology, National Research and Innovation Agency, Cibinong, Indonesia, and the
Laboratory of Animal Biotechnology Center, IPB University, Bogor, Indonesia, from November 2021 to January 2022.
The seminal plasma samples were obtained from 5 Bali-polled bulls and 5 Bali-horned bulls aged 5-8 years. The sample
size was based on the previous studies by Kasimanickam et al. (2019) and Westfalewicz et al. (2021).
Semen collection and evaluation
Bali-polled and Bali-horned bull semen samples were collected using an artificial vagina twice a week. Soon after
collection, the semen samples were sent to the laboratory for evaluation. The evaluation of semen quality was performed
both macroscopically and microscopically. Semen that passed the macroscopical evaluation was then evaluated for
microscopic evaluation, including motility, concentration, abnormality, viability, and membrane integrity of the sperms.
Motility
The motility, progressive motility, and kinematics of sperms were determined by making 10 μl semen spot on the
object glass. For the movement evaluation of sperms, the semen was then subjected to the CASA (Vision VersionTM
3.7.5 program Minitube, Germany) following Diansyah et al. (2022).
Concentration
The sperm concentration was evaluated using a photometer SDM 6 (Minitube, Germany). The cuvette containing 3
ml of physiological NaCl solution was inserted into the device with the line facing forward, and then the zero button was
pressed. The cuvette was removed and then replaced with a cuvette containing a physiological NaCl solution in which 30
μl of fresh semen was added, and then the result button was pressed; the concentration of spermatozoa would be obtained
in the amount per ml (Diansyah et al., 2022).
Abnormality and viability
The viability and abnormality of the sperms were evaluated by mixing 10 μl of semen and 10 μl of Eosin 2% in the
object glass. After drying, the object glass was observed using a trinocular microscope (Primo Star, Zeiss, Germany) at
400x magnification with Indomicro View 3.7 software. Spermatozoa with red color were considered dead, and the
colorless ones were considered alive. Spermatozoa with severed tails, broken tails, and abnormal head shapes were
considered abnormal. For the accurate calculation, at least 200 sperms cells per observation were performed following
Diansyah et al. (2022).
Membrane integrity
An evaluation of membrane integrity was performed microscopically in which 10 μl of semen was added into
HOST solution (0.179g NaCl in 100 ml of aquabides). The solution was then incubated for 30 minutes at 37oC in the
oven. The evaluation was carried out using a 400x magnification of a trinocular microscope (Primo Star, Zeiss,
Germany) by counting at least 200 spermatozoa cells. Sperms with membrane integrity were characterized by a circular
tail, while sperms characterized by a straight tail were considered damaged (Diansyah et al., 2022).
Concentration of seminal plasma protein
Seminal plasma protein concentration was determined by centrifuging the semen at about 3-4 mL at 6500 rpm for
30 minutes. After centrifugation, the supernatant was put into the microtube and kept in a cryobox for storage at 20 oC.
For characterization of seminal plasma protein, 1D-SDS-PAGE (SMOBIO, Hsinchu, Taiwan) based on molecular
weight (MW) of protein was used. The gels were stained (Sigma-Aldrich®, United States) with Coomassie Brilliant
Blue stain (Sigma-Aldrich®, United States), and molecular mass was determined by the MW marker (Karunakaran et
al., 2019). Concentration of seminal plasma protein was determined by the Bradford method (Bradford, 1976). The
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Bradford protocol of analysis using Protein Assay Kit (Sigma-Aldrich®, United States) was based on the user guide of
coomassie (Bradford, 1976) for sample preparation. The samples were then analyzed by Thermo Skanlt RE for
Multiskan Go Software, 3.2 version (Thermo Scientific®, United States) to obtain seminal plasma concentration.
Regarding the separation of seminal plasma protein, two polyacrylamide gels 12% (containing sodium dodecyl
sulphate [SDS]) were used. A 20 μg of protein mass was analyzed with SDS-PAGE using Thermo Prestained Protein
Ladder marker (5 μL, Thermo Scientific®, United States). Subsequently, the protein separation was performed using
120 v electricity in 70 minutes. The photo of gel color was dipped in an acidic liquid and then shaken until protein bands
appeared to ease for identifying protein bands. Each protein band was determined using ImageJ software (Schneider et
al., 2012).
Statistical analyzes
The data of fresh semen quality both in Bali-polled and Bali-horned bulls were reported as mean and standard
deviation. T-Test was used to compare each parameter regarding the quality of fresh semen in the two bulls. The
parameter was considered significant when the p-value was lower than 0.05. All statistical analyzes were calculated
using SPSS for Windows software (version 25). The specific protein in each seminal plasma of the bulls was analyzed
descriptively.
RESULTS AND DISCUSSION
The quality of fresh semen and concentration of seminal plasma protein in Bali-polled and Bali-horned bulls
This current study intended to explore the quality of Bali-polled bull semen for predicting the fertility level using
plasma protein expression. In order to achieve this intention, Bali-horned bulls that have been known as having high
fertility level was used for comparison. Table 1 shows the quality of Bali-polled and Bali-horned bulls’ fresh semen.
Statistical analysis showed that sperm motility in the Bali-polled bulls did not differ significantly (p > 0.05) from the
Bali-horned bulls (82.91% vs. 83.18%). Likewise, sperm concentration (1578.72 x 10 6 mL-1 vs. 1475.80 x 106 mL-1),
sperm viability (91.97% vs. 92.03%), sperm intact membrane (80.90% vs. 81.52%), and seminal plasma concentration
(567 mg mL-1 vs. 547 mg mL-1) did not differ significantly between the two groups (p > 0.05). However, sperm
abnormality in Bali-polled bulls was significantly (p < 0.05) lower than in Bali-horned bulls (4.17% vs. 5.19%). The
results of the current study revealed that the quality of fresh semen in both groups of bulls was likely higher than the
other local bulls reported previously (Romadhoni et al., 2014; Zulyazaini et al., 2016).
According to Indonesian Minister of Agricultural Regulation Number:10/Permentan/PK.210/3/2016 and
Indonesian National Standardization 4868.1:2007 for frozen bull semen (Baharun et al., 2021), fresh semen quality can
be processed as frozen semen with sperm motility value >70% and sperm abnormalities value <20%. Based on these
regulations, the quality of Bali-polled and Bali-horned bulls’ fresh semen in the present study was considered a normal
category. Therefore, the semen of the two bulls used in this study can be processed further as frozen semen.
As can be seen in Table 1, the seminal plasma protein concentration of Bali-polled and Bali-horned bulls was 567
mg mL-1 and 547 mg mL-1. The plasma protein concentration was used only as the basis for further electrophoresis or
mass spectrometry analysis by Bradford method. The amount of plasma protein concentration cannot be relied upon to
analyze the quality of semen (Westfalewicz et al., 2016). However, several studies have demonstrated that plasma
protein components in semen are considered effective in improving sperm quality (Codognoto et al., 2018; Viana et al.,
2018; Panda et al., 2020). Seminal plasma is mostly composed of testicular, epididymal, and accessory sex gland
secretions. Proteins involved in sperm metabolism and motility, membrane restructuring and function, protection against
reactive oxygen species and immunological responses, capacitation, and the acrosome reaction are expressed in the fluid
surrounding sperm cells in semen (Moura et al., 2018). Many proteins in the seminal plasma bind the sperm, affecting
membrane structure and sperm function. The study of Purdy (2006) has shown that the role of seminal plasma proteins in
regulating sperm function is highly complex. Several studies have provided solid evidence that seminal plasma proteins
were adsorbed to the sperm surface and affected its function and properties (Purdy, 2006; Moura et al., 2018).
Table 1. The quality of fresh semen and seminal plasma protein concentration of Bali-polled and Bali-horned Bulls
Parameters

Sperm
motility
(%)

Sperm
concentration
(106 mL-1)

Sperm
viability
(%)

Sperm
abnormality
(%)

Sperm intact
membrane
(%)

Seminal plasma
protein concentration
(mg mL-1)

Bali-Polled

82.91  1.34

1578.72  65.83

91.97  10.6

4.17  2.39a

80.90  1.04

567

Bali-Horned

83.18  1.44

1475.80  59.93

92.03  6.96

5.19  1.45b

81.52  0.71

547

0.944

0.219

0.943

0.014

0.313

Breed

p value

Means in a column with different superscripts differ significantly at p < 0.05.
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The specific protein profile of seminal plasma in Bali-polled and Bali-horned bulls
The specific profile of the targeted protein in this study affected the quality of spermatozoa, as indicated by the
molecular weight of the protein using 1D-SDS-PAGE (Figure 1). The seminal plasma protein-specific profile of Balipolled and Bali-horned bulls, as determined by 1D-SDS-PAGE, shared the same particular protein from 8 protein
candidates. The specific profile of the targeted protein is shown in Table 2. Selvaraju et al. (2016) indicated protein with
MW 150 kD represented IGF-1. This protein improves sperm motility by reducing oxidative stress, maintaining
structural membrane integrity and mitochondrial membrane potential, and protecting calmodulin, dermcidin, and the
sperm acrosome membrane (Selvaraju et al., 2016). IGF-1 is found in plasma and tissue fluid, influencing
steroidogenesis, metabolism, cell proliferation, and differentiation (Colombo and Naz, 1999). IGF-1 also affects various
reproductive processes and plays an essential role in the onset, progress, and regulation of spermatogenesis (Dyck et al.,
1999).
Table 2. Seminal plasma protein-specific profile of Bali-polled and Bali-horned bulls assessed by 1D-SDS-PAGE
Protein
IGF-1
A-kinase anchoring protein 3
A-kinase anchoring protein 4
Arylsulfatase-a
N-Acetyl-ß-Guicosaminidase
Phosphoglycerate kinase
BSP A1/A2, BSP-A3 and BSP-30 (BSP1, BSP3 and BSP5)
Acidic seminal fluid proteins
Total Protein

MW (kD)
150
110
93
54-87
44-62
44
15-30
12-14

Bali-Polled
+
+
+
+
+
+
+
+
8/8

Bali-Horned
+
+
+
+
+
+
+
+
8/8

MW: Molecular weight, +: Protein expressed, -: Protein non-expressed, BSP: Binder sperm protein

Figure 1. 1D-SDS-PAGE of Bali-polled and Bali-horned bulls
The protein with MW 110 kD and 93 kD contains AKAP 3 and AKAP 4 (Pujianto et al., 2018). These proteins
contain the fibrous coating of the sperm’s outer dense fiber, which forms the axoneme (Carr and Newell, 2007). During
capacitation, AKAP3 and AKAP4 are phosphorylated, which is crucial for maintaining sperm motility (Pujianto et al.,
2018). Molecular function mediates sperm motility through A-Kinase Anchoring Protein 4 (AKAP4) setting. It
correlates with Adenosine triphosphate (ATP) for sperm motility and ATP’s dephosphorylation (Freitas et al., 2017).
AKAP3 is degraded in bovine sperm incubated under capacitation conditions (Hillman et al., 2013). The AKAP3 and
AKAP4 isoforms are uniquely expressed by spermatids and spermatozoa, localize in the flagellum, and are involved in
sperm motility. AKAP3 is mainly localized at the principal piece of the tail (Lea et al., 2004).
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The MW 54-87 kD protein may represent arylsulfatase-a (Moura et al., 2010). This protein can be attached to the
superficial sperm head (Weerachatyanukul et al., 2003). During the binding/penetration process, arylsulfatase-a functions
as either lectins or hydrolases. (Nickolajczyk and O’Rand, 1992). Arylsulfatase-a is involved in the stability and
permeability of the spermatozoa plasma membrane (Gadella et al., 1991). Arylsulfatase-a quantitative detection and
distribution during in vitro sperm capacitation could be used to get a better insight into molecular changes during the
fertilization process and improve artificial reproductive technologies (Gómez-Torres et al., 2021). The protein N-acetylβ-guicosaminidase (62-44 kD) is glucose hydrolyze enzyme for glycoprotein membrane during sperm maturation in the
epididymis (Moura et al., 2010). These proteins are potential mediated sperm-oocyte interactions (Abascal et al., 1998).
The protein with MW 15-30 kD (Druart et al., 2013) is indicated as binder sperm protein (BSP) A1/A2, BSP-A3,
and BSP-30 (BSP1, BSP3, and BSP5). After ejaculation, BSP proteins bind to the sperm membrane at the acrosome,
post-acrosome, and midpiece area, which is crucial for beginning motility (Manjunath et al., 1994). All biochemical
studies and binding properties have provided good insight into the putative functions of BSP proteins in fertility. The
BSP proteins are multifunctional proteins used for various purposes, including sperm motility, formation of the sperm
reservoir, but most importantly, sperm capacitation (Plante and Munjunath, 2014). The function of BSP-30 kD as
exhibits a significantly broader binding specificity to choline phospholipids, phosphatidylethanolamine,
phosphatidylserine, phosphatidylinositol, phosphatidic acid, and cardiolipin, whereas BSP-A1, BSP-A2, and BSP-A3
bind specifically to the phosphorylcholine groups (Desnoyers and Manjunath, 1992).
According to Moura et al. (2010), a protein with MW 12-14 is Acidic Seminal Fluid Proteins (aSFP). Jobim et al.
(2004) suggested the aSFP as a marker of good semen freezability. Furthermore, the aSFP is a marker for bovine semen
freezability, possibly due to its antioxidant activity and effect on sperm mitochondrial function (Moura et al., 2010). In
bulls, aSFP represents a major sex-specific seminal protein secreted mainly from the ampulla and seminal vesicle in
variable but high concentrations (Einspanier et al., 1994). This protein seems to protect spermatozoa from free oxygen
radicals in such an in vitro system (Schoneck et al., 1995).
Regarding the profile of seminal protein expression, Bali-polled and Bali-horned bulls contain similar total protein
candidates. This suggests that the two bulls are linked and have a similar reproductive rate.
CONCLUSION
Protein analysis using 1D-SDS-PAGE based on molecular weight can be used as a biomarker for semen quality in Balipolled bulls. The semen of both bulls contains IGF-1, AKAP 3, AKAP 4, arylsulfatase-a, N-acetyl-β-guicosaminidase,
BSP A1/A2, BSP-A3, and BSP-30 (BSP1, BSP3, and BSP5) and aSFP candidates that are linked to a high reproductive
rate. Therefore, the evaluation of the semen quality with molecular basis as an additional indicator of superior bull in the
selection process is one of the alternatives.
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Abascal I, Skalaban SR, Grimm KM, Avilés M, Martínez-Menárguez JA, Castells MT, Ballesta J, and Alhadeff JA (1998). Alteration of the isoform
composition of plasma-membrane- associated rat sperm a-L-fucosidase during late epididymal maturation: Comparative characterization of the
acidic and neutral isoforms. Biochemical Journal, 333(1): 201-207. DOI: https://www.doi.org/10.1042/bj3330201
Alexander JH (2008). Bull breeding soundness evaluation: A practitioner’s perspective.
https://www.doi.org/10.1016/j.theriogenology.2008.05.030

Theriogenology,

70(3): 469-472. DOI:

Baharun A, Arifiantini I, Karja NWK, and Said S (2021). Seminal plasma protein profile based on molecular weight and their correlation with semen
quality of Simmental bull. Journal of The Indonesian Tropical Animal Agriculture, 46(1): 20-28. Available at:
https://ejournal.undip.ac.id/index.php/jitaa/article/view/32027
Bradford MM (1976). A rapid and sensitive method for quantitation of microgram quantities of protein utilizing principle of protein dye binding.
Analytical Biochemistry, 72(1-2): 248-254. DOI: https://www.doi.org/10.1016/0003-2697(76)90527-3
Brockmann GA, Martin J, Friedrich T, and Manfred S (2000). Marker controlled inheritance of the Polled locus in Simmental Cattle. Archives Animal
Breeding, 43(3): 207-212. DOI: https://www.doi.org/10.5194/aab-43-207-2000
Carr DW and Newell AEH (2007). The role of A-kinase anchoring proteins (AKAPs) in regulating sperm function. Society of Reproduction and
Fertility Supplement, 63: 135-141. Available at: http://www.ncbi.nlm.nih.gov/pubmed/17566268
Codognoto VM, Yamada PH, Schmith RA, de Ruediger FR, Scott C, de Faria Lainetti P, Brochine S, de Paula Freitas-Dell'Aqua C, de Souza FF, and
Oba E (2018). Functional insights into the role of seminal plasma proteins on sperm motility of buffalo. Animal Reproduction Science, 195: 251258. DOI: https://www.doi.org/10.1016/j.anireprosci.2018.06.002
Colombo JB and Naz RK (1999). Modulation of insulin-like growth factor-1 in the seminal plasma of infertile men. Journal of Andrology, 20(1): 118125. Available at: https://pubmed.ncbi.nlm.nih.gov/10100482/
Desnoyers L and Manjunath P (1992). Major proteins of bovine seminal plasma exhibit novel interactions with phospholipid. The Journal of
Biological Chemistry, 267(14): 10149-10155. Available at: http://www.ncbi.nlm.nih.gov/pubmed/1577785
Druart X and de Graaf SP (2018). Seminal plasma proteomes and sperm fertility. Animal reproduction Science, 194(4): 33-40. DOI:
https://www.doi.org/10.1016/j.anireprosci.2018.04.061
Druart X, Rickard JP, Mactier S, Kohnke PL, Kershaw-Young CM, Bathgate R, Gibb Z, Crossett B, Tsikis G, Labas V et al. (2013). Proteomics
characterization and cross species comparison of mammalian seminal plasma. Journal of Proteomics, 91: 13-22. DOI:
https://www.doi.org/10.1016/j.jprot.2013.05.029
Dyck MK, Ouellet M, Gagn M, Petitclerc D, Sirard MA, and Pothier F (1999). Testes-specific transgene expression in insulin-like growth factor-I
transgenic mice. Molecular Reproduction and Development, 54(1): 32-42. DOI: https://www.doi.org/10.1002/(sici)10982795(199909)54:1%3C32::aid-mrd5%3E3.0.co;2-u
Einspanier R, Krause I, Calvete JJ, Töfper-Petersen E, Klostermeyer H, and Karg H (1994). Bovine seminal plasma ASFP: Localization of disulfide
bridges and detection of three different isoelectric forms. FEBS Letters, 344(1): 61-64. DOI: https://www.doi.org/10.1016/0014-5793(94)003629
Freitas MJ, Vijayaraghavan S, and Fardilha M (2017). Signalling mechanisms in mammalian sperm motility. Biology of Reproduction, 96(1): 2-12.
DOI: https://www.doi.org/10.1095/biolreprod.116.144337
Fu Q, Pan L, Huang D, Wang Z, Hou Z, and Zhang M (2019). Proteomic profiles of buffalo spermatozoa and seminal plasma. Theriogenology,
134(6): 74-82. DOI: https://www.doi.org/10.1016/j.theriogenology.2019.05.013
Gadella B, Colenbrander B, and Lopes-Cardozo M (1991). Arylsulfatases are Present in Seminal Plasma of Several Domestic Mammals. Biology of
Reproduction, 45(3): 381-386. DOI: https://www.doi.org/10.1095/biolreprod45.3.381
Gómez-Torres MJ, Huerta-Retamal N, Robles-Gómez L, Sáez-Espinosa P, Aizpurua J, Avilés M, and Romero A (2021). Arylsulfatase a remodeling
during human sperm In Vitro capacitation using field emission scanning electron microscopy (FE-SEM). Cells, 10(2): 222. DOI:
https://www.doi.org/10.3390/cells10020222
Hillman P, Ickowicz D, Vizel R, and Breitbart H (2013). Dissociation between AKAP3 and PKARII promotes AKAP3 degradation in sperm
capacitation. PLoS One, 8(7): e68873. DOI: https://www.doi.org/10.1371%2Fjournal.pone.0068873
Jobim MIM, Oberst ER, Salbego CG, Souza DO, Wald VB, Tramontina F, and Mattos RC (2004). Two- dimensional polyacrylamide gel
electrophoresis of bovine seminal plasma proteins and their relation with semen freezability. Theriogenology, 61(2-3): 255-266. DOI:
https://www.doi.org/10.1016/s0093-691x(03)00230-9
Karunakaran M, Gajare VC, Mandal A, Mondal M, Das SK, Ghosh MK, Rai S, and Behera R (2019). Electrophoretic of seminal proteins and their
correlation with in vitro sperm characters in Black Bengal buck semen. Veterinary World, 12(5): 621-628. DOI:
https://www.doi.org/10.14202/vetworld.2019.621-628
Kasimanickam RK, Kasimanickam VR, Arangasamy A, and Kastelic JP (2019). Sperm and seminal plasma proteomics of high- versus low-fertility
Holstein bulls. Theriogenology, 126: 41-48. DOI: https://www.doi.org/10.1016/j.theriogenology.2018.11.032
Kaya A and Memili E (2016). Sperm macromolecules associated with bull fertility. Animal Reproduction Science, 169(1): 88-94. DOI:
https://www.doi.org/10.1016/j.anireprosci.2016.02.015
Kumar P, Kumar D, Singh I, and Yadav PS (2012). Seminal plasma proteome: Promising biomarkers for bull fertility. Agricultural Research, 1(1): 7886. DOI: https://www.doi.org/10.1007/s40003-011-0006-2
Lea IA, Widgren EE, and O’Rand MG (2004). Association of sperm protein 17 with A-kinase anchoring protein 3 in flagella. Reproductive Biology
and Endocrinology, 2: 57. DOI: https://www.doi.org/10.1186%2F1477-7827-2-57
Manjunath P, Chandonnet L, Leblond E, and Desnoyers L (1994). Major proteins of bovine seminal vesicles bind to spermatozoa. Biology of
Reproduction, 50(1): 27-37. DOI: https://www.doi.org/10.1095/biolreprod50.1.27
Moura AA, Memili E, Portela AMR, Viana AG, Velho ALC, Bezerra MJB, and Vasconselos FR (2018). Seminal plasma proteins and metabolites:
Effects on sperm function and potential as fertility markers. Animal Reproduction, 15(1): 691-702. DOI: http://www.doi.org/10.21451/19843143-AR2018-0029
Moura AA, Souza CE, Stanley BA, Chapman DA, and Killian GJ (2010). Proteomics of cauda epididymal fluid from mature Holstein bulls. Journal of
Proteomics, 73(10): 2006-2020. DOI: https://www.doi.org/10.1016/j.jprot.2010.06.005
Nickolajczyk BS and O’Rand MG (1992). Characterization of rabbit testis β-galactosidase and arylsulfatase a: Purification and localization in
spermatozoa during the acrosome reaction. Biology of Reproduction, 46(3): 366-378. DOI: https://www.doi.org/10.1095/biolreprod46.3.366
Panda SK, Nayak G, and Mishra C (2020). Meta-analysis of seminal traits affecting bull fertility. Tropical Animal Health Production, 52(3): 1325-

321
To cite this paper: Diansyah AM, Yusuf M, Toleng AL, Dagong MIA, and Maulana T (2022). The Expression of Plasma Protein in Bali-polled Bulls Using 1D-SDS-PAGE.
World Vet. J., 12 (3): 316-322. DOI: https://dx.doi.org/10.54203/scil.2022.wvj40

1329. DOI: https://www.doi.org/10.1007/s11250-019-02132-5
Plante G and Manjunath P (2014). Binder of sperm (BSP) proteins in the male reproductive tract of farm animals. Proceedings, association for applied
animal andrology, 9th Biennial Conference. Newcastle, Australia. Available at: https://www.ivis.org/library/aaaa/aaaa-biennial-conferencenewcastle-2014/binder-of-sperm-bsp-proteins-male-reproductive
Pujianto DA, Hajizah H, Mansur IG, and Amarudin A (2018). Antisperm antibodies disrupt plasma membrane integrity and inhibit tyrosine
phosphorylation in human spermatozoa. Medical Journal of Indonesia, 27(1): 3-11. DOI: https://www.doi.org/10.13181/mji.v27i1.1429
Purdy PH (2006). A review on goat sperm
https://www.doi.org/10.1016/j.smallrumres.2005.02.015

cryopreservation.

Small

Ruminant

Research,

63(3):

215-225.

DOI:

Romadhoni I, Rachmawati A, and Suyadi (2014). Kualitas semen sapi Madura setelah pengenceran dengan tris aminomethane kuning telur yang
disuplementasi α - tocopherol pada penyimpanan suhu ruang. Indonesian Journal of Animal Science, 24(1): 39-44. Avalaible at:
https://jiip.ub.ac.id/index.php/jiip/article/view/152
Schneider CA, Rasband WS, and Eliceiri KW (2012). NIH Image to ImageJ: 25 years of image analysis. Nature Methods, 9(7): 671-675. DOI:
https://www.doi.org/10.1038/nmeth.2089
Schöneck C, Braun J, and Einpanier R (1996). Sperm viability is influenced in vitro by the bovine seminal protein aSFP: Effects on motility,
mitochondrial activity, and lipid peroxidation. Theriogenology, 45(3): 633-642. DOI: https://www.doi.org/10.1016/0093-691X(95)00409-2
Selvaraju S, Krishan BB, Archana SS, and Ravindra JP (2016). IGF1 stabilizes sperm membrane proteins to reduce cryoinjury and maintain post-thaw
sperm motility in buffalo (Bubalus bubalis) spermatozoa. Cryobiology, 73(1): 55-62. DOI: https://www.doi.org/10.1016/j.cryobiol.2016.05.012
Syahruddin S (2020). Perbibitan sapi potong lokal Indonesia berbasis bioteknologi reproduksi mendorong percepatan swasembada daging nasional.
Pusat penelitian bioteknologi. Lembaga ilmu pengetahuan. LIPI Press., Indonesia, Jakarta, 79(10): 653-6541. Available at: https://pustakadigital.kemdikbud.go.id/slims/index.php?p=show_detail&id=3317
Thundathil JC, Dance AL, and Kastelic JP (2016). Fertility management of bulls to improve beef cattle productivity. Theriogenology, 86(1): 397-405.
DOI: https://www.doi.org/10.1016/j.theriogenology.2016.04.054
Viana AGA, Martins AMA, Pontes AH, Fontes W, Castro MS, Richart CAO, Sousa MV, Kaya A, Topper E, Memili E et al. (2018). Proteomic
landscape of seminal plasma associated with dairy bull fertility. Scientific Reports, 8(1): 16323. DOI: https://www.doi.org/10.1038/s41598-01834152-w
Weerachatyanukul W, Xu H, Anupriwan A, Carmona E, Wade M, Hermo L, Silva SM, Rippstein P, Sobhon P, Sretarugsa P et al. (2003). Acquisition
of arylsulfatase-A onto the mouse sperm surface during epididymal transit. Biology of Reproduction, 69(4): 1183-1192. DOI:
https://www.doi.org/10.1095/biolreprod.102.010231
Westfalewicz B, Dietrich MA, Mostek A, Partyka A, Bielas W, Nizanski W, and Ciereszko A (2016). Analysis of bull (Bos taurus) seminal vesicle
fluid proteome in relation to seminal plasma proteome. Journal of Dairy Science, 100(3): 2282-2298. DOI:
https://www.doi.org/10.3168/jds.2016-11866
Westfalewicz B, Slowińska M, Judycka S, Ciereszko A, and Dietrich MA (2021). Comparative proteomic analysis of young and adult bull (Bos
taurus) cryopreserved semen. Animals, 11(7): 2013. DOI: https://www.doi.org/10.3390/ani11072013
Zulyazaini Z, Dasrul D, Wahyuni S, Akmal M, and Abdullah MAN (2016). Karakteristik semen dan komposisi kimia plasma seminalis sapi aceh yang
dipelihara di BIBD saree aceh besar. Jurnal Agripet, 16(2): 121-130. DOI: https://www.doi.org/10.24815/jts.v%25vi%25i.5803

322
To cite this paper: Diansyah AM, Yusuf M, Toleng AL, Dagong MIA, and Maulana T (2022). The Expression of Plasma Protein in Bali-polled Bulls Using 1D-SDS-PAGE.
World Vet. J., 12 (3): 316-322. DOI: https://dx.doi.org/10.54203/scil.2022.wvj40

