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Abstract

Age is among the factors affecting reproductive organs, particularly semen characteristics. Semen
characteristics are also influenced by composition of seminal plasma that is ejaculated with the sperm.
Therefore, this study aimed to investigate characteristics of fresh semen and seminal plasma composition from
Balinese cattle aged 3, 8, and 13 years. Semen characteristics observed were concentration, progressive
motility, viability, plasma membrane integrity, acrosome integrity, and sperm abnormalities. Biochemical
composition of seminal plasma analyzed was fructose, malondialdenyde (MDA), total antioxidant capacity
(TAC), glutamic oxaloacetic transaminase (GOT), glutamic pyruvic transaminase (GPT), total protein (TP),
albumin, cholesterol, and triglycerides. Mineral compositions observed were Na, K, Ca, Mg, Zn, Cu, Fe, and
Se. The results showed that there were no significant differences (p > 0.05) in semen characteristics across age
groups, meaning that semen of Balinese cattle can still be processed into frozen semen even at an older age,
provided it meets the SNI 4869-1:2024 standards. Furthermore, the concentrations of each seminal plasma
biochemical component were as follows: fructose (377.5-615.4 mg/dL), MDA (9.7-10.36 nmol/mL), TAC
(66.22-67.22%), GOT (203-265 U/L), GPT (19-35 U/L), TP (4.3-5.5 g/dL), albumin (1.7-1.9 g/dL),
cholesterol (11-35 mg/dL), and triglycerides (822-1.078 mg/dL). Surprisingly, the concentration of
triglycerides in semen plasma in this study was very high compared to those reported in previous studies on
several cattle breeds. Seminal plasma mineral concentrations included Na (1.500-1.900 mg/kg), K (600-700
mg/kg), Ca (600-800 mg/kg), Mg (38.85-45.16 mg/kg), Zn (5.33-9.64 mg/kg), Cu (0.06-0.12 mg/kg), Fe
(11.85-15.88 mg/kg), and Se (0.92-1.48 mg/kg). These findings indicate that age did not affect semen
characteristics, biochemical, and mineral composition of seminal plasma in Balinese cattle.
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INTRODUCTION providing nutrients, protecting sperm, and

facilitating the elimination of metabolic waste.

Artificial insemination (Al) is a reproductive
technology capable of increasing the population,
productivity, and genetic quality of livestock. The
successful outcome of Al depends on the quality
of semen. Semen consists of sperm and seminal
plasma (Juyena and Stelletta, 2012). Sperm are
produced in the seminiferous tubules of the testes
and mature in the epididymis, but sperm can
fertilize in vivo after exposure to seminal plasma
(Yamanaka et al., 2024). Seminal plasma is a
mixture of organic and inorganic compounds that
serve multiple roles, including acting as carriers,

Bovine seminal plasma is composed of fluid
secretions from the testes, epididymis, ampulla,
vesicular glands, prostate, and bulbourethral
glands. It contains various compounds, such as
minerals, proteins, enzymes, lipids,
carbohydrates, and antioxidants (Vitku et al.,
2017). Seminal plasma plays a crucial role in
activating sperm and enhancing motility,
providing a transportation medium, supplying
nutrients, and preventing premature capacitation.
This supports the interactions between sperm and
oocytes (Juyena and Stelletta, 2012). Some
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studies have shown that fructose and antioxidants
are related to motility (Velho et al., 2018; Vince
et al., 2018). Fe and Zn are associated with
motility and morphology (Pipan et al., 2021)
while Ca, glutamic oxaloacetic transaminase
(GOT), and glutamic pyruvic transaminase (GPT)
are connected to motility and abnormalities
(Shelke and Dhami, 2002; Talluri et al., 2017).
Cholesterol is related to concentration, while
albumin and K are connected to sperm viability
(Shelke and Dhami, 2002).

Increased age in cattle causes organ aging in
the reproductive system (Vince et al., 2018).
Aging is a natural process causing irreversible
changes influenced by endogenous and
environmental factors (Gunes et al., 2016). It
causes the depletion of germ cells in seminiferous
tubules and the apoptosis of epididymal epithelial
cells, which interferes with spermatogenesis and
sperm maturation (Dong et al., 2022; Endo et al.,
2024). Aging disrupts the hypothalamus—
pituitary—testis (HPT) axis, resulting in lower
testosterone levels. The composition of seminal
plasma is affected by testosterone level and the
degree of apoptosis in epithelial cells of accessory
glands (Hafizuddin et al., 2023).

Previous studies demonstrated a decrease in
semen quality with increasing age in Simmental
cattle (Baharun et al., 2021), Jersey cattle (Sankhi
et al., 2019), Ongole (Suyadi et al., 2020),
Ongole, Brahman, and Simmental cattle
(Budiyanto et al.,, 2021). Other reports
documented that age did not affect semen quality
in Balinese cattle (Nabilla et al., 2018), Sahiwal
cattle (Ahmad et al., 2011), and Simmental cattle
(Vince et al., 2018). Therefore, this study aimed
to analyze the semen characteristics, biochemical,
and mineral composition of seminal plasma in
Balinese cattle during different age groups.
Balinese cattle derived from the domestication of
bulls (Bos javanicus) were used as subjects
because of their adaptability to the tropical
climate, serving as a suitable option for breeding
in Indonesia (Mohamad et al., 2009). These cattle
have high fertility (80%), low calf mortality,
elevated carcass percentage, resistance to several
diseases, and the ability to use low-quality feed
(Rahmatullaili et al., 2019).

MATERIALS AND METHODS

Ethical Approval

This study has been approved by the Animal
Ethics Commission of the School of Veterinary
Medicine and Biosciences, IPB University with
number 217/KEH/SKE/V1/2024. The working
procedures in this study did not cause any
suffering to the animals used. Fresh semen was
collected using an artificial vagina, the bulls used
in this study were all familiar with the semen
collection procedure. Semen was collected by
professionals.

Study Period and Location

Fresh semen samples were taken and
analyzed at the Riau Regional Artificial
Insemination  Center  (RAIC).  Fructose,
malondialdehyde (MDA), and total antioxidant
capacity (TAC) analyses were conducted at the
Biochemistry Laboratory of FMIPA IPB
University. GOT, GPT, total protein (TP),
albumin, glucose, cholesterol, and triglyceride
analyses were conducted at the Center for Primate
Animal Studies, IPB University. Mineral analysis
of Na, Ca, K, Mg, Zn, Fe, Cu, and Se was
conducted at the Integrated Laboratory of IPB
University. The study took place from June—
August 2024.

Experimental Design

In this study, semen was collected by
artificial vagina from 9 Balinese cattle, with 3
cattle each aged 3, 8, and 13 years old. Samples
were divided for analysis of fresh semen
characteristics. During the evaluation, the
samples were placed in a waterbath at 37°C to
keep the sperm active. The remaining semen was
centrifuged at 6000 rpm for 30 minutes to
separate the sperm and seminal plasma.
Subsequently, seminal plasma from individuals of
the same age group was pooled for seminal
plasma composition analysis. The seminal plasma
was transported in a cooler box with ice gel (+ -
10°C) and stored at -20°C for further seminal
plasma analysis.
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Fresh Semen Analysis

Progressive motility and sperm
concentration were analyzed using computer-
assisted sperm analysis (CASA), software
(Minitube version 3.5.6.2) (Setiyono et al., 2020)
with modification. Fresh semen was diluted with
warmed Tris buffer (25:725) at 37°C before
analysis. A total of 3 pL of the mixture was placed
in a warmed Leja counting chamber at the same
temperature. Furthermore, software program was
run according to the guidelines and observations
were made in 5 fields of view. Sperm viability
was evaluated by eosin nigrosine staining
(Pardede et al., 2020). Semen and eosin nigrosin
were mixed at a ratio of 1:4 in an glass slide and
homogenized. Serial preparations from the
mixture were made, dried on a heating table at
37°C and observed under a light microscope on
200 sperm cells. Plasma membrane integrity was
evaluated via a hypoosmotic swelling test
(HOST). Approximately 990 uL of HOST
solution comprising 1.35 g of fructose and 0.737
g of Tri-sodium citrate dihydrate in 100 mL of
milli-Q water was mixed with 10 pL semen
(1:100). The mixture was incubated at 37°C for 30
minutes. Five pL of the mixture was placed on a
warmed glass slide and covered with a cover
glass. The preparations were observed using a
microscope at 400x magnification, evaluating
200 sperm cells (Putri et al., 2023).

Evaluation of acrosome integrity was
performed using Giemsa staining. The semen was
diluted with NaCl solution (1:4) and the
preparations were made, dried, and fixed with
methanol for 10 minutes at room temperature.
After that, the preparations were stained with
Giemsa dye at room temperature for 3 hours,
rinsed with running water, dried, and observed
under a light microscope at 400x magnification
on 200 sperm. Subsequently, an evaluation was
conducted on 200 sperm (Prihantoko et al., 2022).
Giemsa has a low molecular weight and can
penetrate the cell membrane and bind to proteins
in the acrosome, thus coloring the acrosome.
Giemsa staining was chosen because it is a simple
and easy method but still able to describe the
integrity of the sperm acrosome. Using single
Giemsa staining is more efficient and clearer than

double staining, such as Trypan Blue Giemsa
(TBG) (Prihantoko et al., 2022). Sperm
abnormality evaluation was evaluated using the
Williams staining method (Baharun et al., 2021).
Briefly, the preparations from a mixture of semen
and NaCl solution (1:4) were made, dried, and

stained with Williams solution at room
temperature. Last, The preparations were
observed using a microscope at 400x

magnification on 200 sperm cells. This method
was chosen because it has a simple procedure.
The staining results are clearer than other stains,
making evaluating the morphological structure of
the head, midpieces, and tail easier. In addition,
the staining results have a stable color and can be
stored for a long time (Murali et al., 2024). All
evaluations of fresh semen characteristics were
conducted with two replicates on each individual.

Seminal Plasma Composition Analysis

Seminal plasma biochemical
composition concentrations were analyzed using
commercial kits, GOT and GPT (Labtest, Brazil),
cholesterol, glucose, triglycerides (Greiner,
Germany), albumin (Labkit, Barcelona), and total
protein (Biomaxima, Poland). The MDA
concentration was measured via the thiobarbituric
acid reactive species (TBARS) assay method
(Subramanian et al., 2018). The total antioxidant
capacity (TAC) was measured using the 2,2-
diphenyl-2-picrylhydrazyl (DPPH) assay
(Subramanian et al., 2018). Fructose was
measured calorimetrically following the method
of Trang (2018). The mineral concentrations of
Na, K, Ca, Mg, Zn, Cu, Fe, and Se were analyzed
by the Atomic Absorption Spectroscopy (AAS)
method (Waheed et al., 2022).

Data Analysis

The obtained data in this study about semen
characteristics were analyzed using analysis of
variance (ANOVA). Duncan's multiple range test
(DMRT) was used to analyze differences in
means between the groups. Differences were
considered significant at p < 0.05. The
biochemical and mineral composition data of
seminal plasma presented in table.
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RESULTS AND DISCUSSION

The results of the examination of fresh
semen characteristics, such as concentration,
progressive motility, viability, plasma membrane
integrity, acrosome integrity, and sperm
abnormalities, of Balinese cattle in the 3-, 8-, and
13-year-old age groups are presented in Figure 1.
The sperm concentration of Balinese cattle aged
3, 8, and 13 years was 111.9 + 12 x 107, 114.2 +
19.7 x 107, and 77.97 + 13 x 107, respectively. The
sperm progressive motility in the age groups of 3,
8, and 13 years was 62.78 + 2.38%, 64.14 *
6.11%, and 50.75 * 1.38%. Sperm viability in the

3, 8, and 13-year-old groups was 67.72 + 4.23%,
70.26 + 0.79%, and 68.29 £ 3.92%, respectively.
The plasma membrane integrity of the 3, 8, and
13-year-old groups was 58.99 + 6.05%, 63.55 +
4.56%, and 69.22 + 6.24%, respectively. Sperm
acrosome integrity was 88.32 + 1.1%; 92.01 +
1.55%; 90.84 + 0.88%, respectively. Sperm
abnormalities were 9.44 + 0.55%); 13.82 + 3.24%;
and 21.38 + 3.85%, respectively. Statistical
analysis showed no significant differences (p >
0.05) in concentration, progressive motility,
viability, plasma membrane integrity, acrosome
integrity, or sperm abnormalities across the
different age groups.

Table 1. Biochemical composition of seminal plasma of Balinese cattle in different age groups

Age Fructose MDA TAC GOT GPT TP  Albumin Cholesterol Triglyceride
mg/dL nmol/mL % u/L U/L g/dL g/dL mg/dL mg/dL

3 552.9 10.244 66.55 220 33 55 17 11 1078

8 615.4 9.699 67.22 203 19 49 19 35 822

13 3775 10.352 66.22 265 35 43 17 23 854

MDA = Malondialdehyde, TAC = total antioxidant capacity, GOT = glutamic oxaloacetic transaminase,
GPT = glutamic pyruvic transaminase, TP = total protein.

Table 2. Mineral composition of Balinese cattle semen plasma at different age groups

Age Na K Ca Mg Zn Cu Fe Se
mg/kg  mg/kg mg/kg  mg/kg mg/kg mg/kg mg/kg  mg/kg
3 1.900 600 700 38.85 9.64 0.07 13.59 0.92
8 1.500 700 800 45.16 5.33 0.12 11.85 1.48
13 1.700 600 600 39.8 5.6 0.06 15.88 1.16
140
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Figure 1. Fresh semen characteristics of Balinese cattle in different age groups.
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The biochemical composition of seminal
plasma from 3-, 8-, and 13-year-old Balinese
cattle is shown in Table 1. The fructose
concentration in this study ranged from 377.5 to
615.4 mg/dL. The concentrations of MDA, TAC,
TP, and albumin in all age groups did not differ
much. The GOT and GPT were lower in the 8-
year-old group than in others. The cholesterol
concentration was the highest at 8 years, while
triglycerides were the lowest in that age group.
Seminal plasma mineral concentrations of
Balinese cattle are presented in Table 2. There
were variations in mineral concentrations in age
groups, but the differences were within a narrow
range of values.

Semen characteristics must be evaluated due
to their influence on the natural fertilization
process (in vivo). Fertilization will only occur
when the sperm can meet the ovum at the right
place, time, and conditions to fuse with the egg.
Therefore, fresh sperm must have a normal
morphology, an intact plasma membrane, and
acrosome, be viable, and have sufficient motility
to reach the fertilization site (Yamanaka et al.,
2024). This study found no differences (p > 0.05)
in semen characteristics, such as concentration,
progressive motility, viability, plasma membrane
integrity, acrosome integrity, and sperm
abnormalities among Balinese cattle aged 3, 8,
and 13 years. This finding is consistent with
previous studies on Balinese cattle by (Bayu and
Isnaini, 2020) and (Nabilla et al., 2018) that found
age did not affect the quality of semen produced.
Some cattle still produced semen of unchanged
guality in old age (Gupta et al., 2025). Maturation
and aging occur at different ages, depending on
the breed. Since the reproductive peak differs for
each breed, age-related decline in reproduction is
also different (Snoj et al., 2013). Balinese cattle
start puberty at 9 months of age, after which
semen quantity and quality increase until 2 years
of age. Semen at age of >2 years old can be
produced continuously (Suyadi et al., 2020). The
youngest cattle used in this study were 3 years old
and their semen production was stable in quantity
and quality, without being significantly different
from others. Balinese cattle produce semen with
the best characteristics between 7 and 12 years old

(Sitanggang et al., 2020). The effect of aging on
males occurs slowly and does not change
drastically immediately  (Ottinger, 2010).
Therefore, semen samples from 13-year-old
Balinese cattle were not different from the other
groups. Previous study also reported that older
Indonesian local cattle showed better motility and
concentration than Simmental cattle (Novianti et
al., 2020).

Seminal plasma is the transport medium for
sperm and contains important factors for
fertilization. Aging can affect function of somatic
tissues, including the epithelium of the
reproductive tract and accessory glands due to
low testosterone levels, oxidative stress on the
accessory glands, and apoptosis of the glandular
epithelium (Elzanaty, 2007). The concentrations
of seminal plasma component, such as proteins,
cholesterol, and triglycerides are regulated locally
by epithelial cells along the reproductive organs
and accessory glands, which are influenced by
aging (Vince et al., 2018). Aging process of
accessory glands also occurs slowly, depending
on the race and health of the individual (Moula
and Amiri, 2022). Furthermore, seminal plasma
composition depends on each individual due to
significant variation in the same animal with an
identical husbandry system (Moula and Amiri,
2022).

Examination conducted in seminal plasma
showed that fructose tended to be higher at age 8
than other groups. Aging reduces Leydig cell
numbers in the testes, leading to lower
testosterone levels, which in turn decreases
fructose concentration in seminal plasma (Velho
et al., 2018). Juyena and Stelletta (2012) reported
that fructose concentrations in bulls were
generally 150-900 mg/dL. The fructose
concentrations of all age groups in this study were
within the range of values. Fructose is known as
the primary source of energy that is used through
the glycolysis pathway. This shows that the
fructose concentration significantly affects the
energy produced. A lack of energy will
profoundly affect sperm metabolism and reduce
motility (Velho et al., 2018).

The concentrations of TP and albumin were
similar between age groups (Vince et al., 2018).
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Total protein is positively related to sperm quality
and interacts with the epithelium of the female
reproductive tract for successful fertilization.
Meanwhile, total seminal plasma protein is
derived from the secretions of the testes,
epididymis, and accessory glands. They are also
present in all stages of sperm, such as
transportation, protection, and maturation.
According to Samanta et al. (2018), proteins from
seminal plasma bind to the sperm surface through
exosomes, regulate function, and interact with the
female reproductive tract. Based on this role, total
protein can affect sperm fertility. One of the
proteins observed is albumin secreted by the
testes, epithelium of the caudal epididymis, and
prostate (Elzanaty, 2007). Seminal plasma
albumin plays a role in transporting molecules to
the sperm plasma membrane during the
maturation process in the epididymis, the
acrosome reaction, and sperm-—oocyte fusion
(Arroteia et al., 2014). Albumin is a non-
enzymatic antioxidant that can bind to fatty acids
to prevent their oxidation. It also binds to Cu?* or
Fe?* ions to prevent the formation of free radicals
(Roche et al., 2008; Sangen et al., 2021).

The cholesterol concentrations in this study
were highest in the 8-year age group. The
cholesterol concentrations in this study were
consistent with a previous study reported that
cholesterol concentration in Simmental cattle was
greater in the 5-10 years age that 2—4 years age
group (Beer-Ljubi¢ et al., 2009). Generally,
cholesterol is required to maintain the integrity
and fluidity of cell membranes. It also plays an
active role in the structure and function,
metabolism, capacitation, and fertilization of
sperm (Juyena and Stelletta, 2012). Cholesterol in
seminal plasma will be replaced in plasma
membrane to maintain sperm function and delay
capacitation to occur at the right time. Cholesterol
is required in spermatogenesis and protects sperm
after ejaculation (Neergaard et al., 2018). A
reduced cholesterol level in the plasma membrane
initiates sperm capacitation (Beer-Ljubi¢ et al.,
2009).

The triglyceride concentration was higher in
the 3-year age group compared to other age
groups. This result was similar to Kelso et al.

(1997), where the triglycerides were relatively
high at 2-3 years of age. Different results were
reported by Gafer et al. (2015) who found that
triglyceride concentrations in beef cattle and
buffalo were previously reported to be 54.8 —
63.45 mg/dL and 50.79 - 58.32 mg/dL,
respectively. An increase in triglycerides within
these ranges showed better sperm motility and
plasma membrane integrity (Gafer et al., 2015).
The triglyceride concentration in this study was
very high approximately >10 times higher than
the report by Gafer et al. (2015). In addition to
fructose, triglycerides are an energy source for
sperm which is generated through the f-oxidation
pathway in sperm mitochondria (Tirpéak et al.,
2022). Hypertriglyceridemia decreases sperm
motility and viability while increasing sperm
apoptosis.  Additionally, hypertriglyceridemia
causes changes in  plasma  membrane
composition, reducing the fluidity and integrity of
the sperm plasma membrane (Zubi and Alfarisi,
2021).

The levels of MDA and TAC in this study
were not significantly different among the 3-, 8-,
and 13-year-old age groups. This result was in
line with the report by Ahmed et al. (2018), where
MDA and TAC were independent of age.
Dwinofanto et al. (2019) found that MDA
concentration in Balinese cattle was 5.4 nmol/mL.
MDA is a biomarker of lipid peroxidation, which
is the end product of oxidative stress to fatty
acids. The results obtained have a greater range
than previous studies on Balinese cattle. The high
MDA concentration in seminal plasma is due to
elevated lipid peroxidation and a lack of
antioxidant levels (Agarwal et al., 2016). Semen
plasma antioxidants are derived from accessory
organ secretions. During spermatogenesis and
maturation, sperm depend on antioxidants
produced by the testes and epididymis.
Subramanian et al. (2018) stated that TAC values
<77.4% impair sperm function, particularly
membrane integrity. The TAC concentrations in
all age groups in this study were low, this
reduction led to high MDA. These high MDA and
low TAC values contribute to suboptimal sperm
conditions, as lipid peroxidation causes cell
damage, increased plasma membrane
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permeability, and decreased motility, viability,
fluidity, plasma membrane integrity, and overall
sperm quality (Ahmed et al., 2018).

In this study, seminal plasma GOT and GPT
concentrations were higher compared to the
previous report by Jalmeria et al. (2020). In
addition, Atroshchenko et al. (2019) indicated
that GOT and GPT were not significantly
different in seminal plasma of horses in different
ages. Both GOT and GPT are intracellular
transaminase enzymes, which can leak into the
seminal plasma when the sperm is damaged. The
increase in GOT and GPT enzymes in plasma
results from abnormal sperm, cytoplasmic
droplets, damage of sperm plasma membrane,
affect reproductive tract epithelia (EI-Sharawy et
al., 2017). The study by Gupta and Singh (2019)
on semen plasma from Jersey and Sahiwal x FH
cattle showed relatively high concentrations of
GOT and GPT in low sperm quality. GOT and
GPT activities are in line with each other and are
directly proportional, showing the same quality in
seminal plasma (Jalmeria et al., 2020).

A certain amount of mineral is essential for
normal growth, reproduction, and immunity, so
the abundance these minerals in seminal plasma
affects male fertility dynamics (Schmid et al.,
2013). Mineral concentrations in seminal plasma
of the 3-, 8- and 13-year-old groups were similar
in this study. Schmid et al. (2013) also reported
that there are no significant differences in the
concentrations of K, Ca, Fe, Cu, and Zn in semen
plasma across various age groups. Eissa et al.
(1992) reported that Na, K, Ca, Mg, Fe, and Zn
concentrations were not significantly different in
buffaloes of different age groups. Similar report
was documented by Khan et al. (2015) regarding
the concentrations of Na and K. Seminal plasma
mineral concentrations depended on intake
through feed or supplements, intestinal
absorption, and mineral carrier proteins (Giacconi
et al., 2017). Minerals must be absorbed by
epithelial cells of the gastrointestinal tract,
particularly the small intestine. These minerals
enter the lamina propria paracellularly and
transcellularly to be passed on to the blood
vessels. Some metals bind to carrier proteins in
intra- and extracellular body fluids (Goff, 2018).

In semen plasma, minerals are secreted by glands
along the reproductive tract, with varying
predominance. Zn is mainly secreted from the
prostate gland, serving as a marker of prostate
conditions (Fallah et al., 2018). Ca and Cu are
mainly secreted from the vesicular glands.
Meanwhile, Na, K, and Mg are secreted from
bulbourethral glands, and Fe by the prostate
(Eissa et al., 1992).

Mineral concentrations of Na and K in this
study are similar to the report by Zulyazaini et al.
(2016) in Aceh cattle. Na and K minerals affect
the osmotic balance and osmolality of semen
plasma, which plays an important role in sperm
cell activation (Asadpour, 2012). Na plays a role
in maintaining the intracellular pH balance
(Zulyazaini et al., 2016). Ca in seminal plasma
affects each physiological stage of sperm,
including motility, metabolism, acrosome
reaction, and fertilization, as sufficient amount is
required for the capacitation process. High
intracellular Ca concentration will activate
adenylate cyclase, increasing intracellular cCAMP
and inducing sperm hyperactivation (Zulyazaini
et al., 2016; Hidayatik et al., 2021). Additionally,
Ca functions as an intracellular messenger crucial
for sperm motility, hyperactivation, capacitation,
acrosome reaction, and chemotaxis in the female
reproductive tract (Mirnamniha et al., 2019).

Several minerals including Zn, Cu, Fe, Mg,
and Se are essential for the enzyme production. In
this study, the Zn concentration was similar to
results reported in Jersey cattle by Sood et al.
(2020), while Cu was not substantially different
from Tirpak et al. (2022). The Se concentration
was similar to the value was reported by Khaki et
al. (2021) in simental cattle. Mg, Zn, Cu, Fe, and
Se play essential roles in antioxidant enzymes
formation. Cu and Zn bind to antioxidant
enzymes that convert superoxide radicals to H,0O-
in the cytosol. Fe is responsible for breaking down
H.O; directly into oxygen and water (Tvrda et al.,
2012). Concerning ATP production, Cu acts as
cofactor of mitochondrial cytochrome-C-oxidase
(Ferreretal., 2024). Mg is an intracellular mineral
that binds ATP (MgATP), functioning in
mediating ADP ribosylation and inhibiting
endonuclease activity essential to protect DNA
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(Eghbali et al., 2010). In energy metabolism, Zn
is included through sorbitol and lactate
dehydrogenase (Ferrer et al., 2024). Zn is also
important for germ cell proliferation and is
antibacterial (Fallah et al., 2018). Meanwhile,
deficiencies of Zn, Cu, and Se in plasma will
decrease sperm concentration, antioxidant
capacity, longevity, motility, and viability, and
increase free radical and sperm abnormalities
(Ferrer et al., 2024). This shows that high mineral
concentration above maximum threshold is toxic
and reduces sperm motility (Katayose et al.,
2004). Excess minerals bind with H,O, to form
free radicals that reduce motility, viability, and
antioxidant capacity, increasing abnormality
(Ferrer et al., 2024).

CONCLUSION

This study showed that age did not affect
characteristics of fresh semen or biochemical and
mineral composition of seminal plasma in
Balinese cattle. This finding illustrates that
Balinese cattle semen can still be produced into
frozen semen as long as the quality of the semen
used is according to SNI standards. The finding of
very high triglyceride concentrations in all age
groups is of note. We suggest further research on
how this occurs and what the optimal value of
triglyceride concentration in semen plasma is that
supports sperm characteristics.
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