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A B S T R A C T

The study aimed to determine the addition of green tea extract (GTE) in extender on the quality and DNA mu-
tation of post-thawed Kacang buck sperm. The sperm DNA mutation was observed on nicotinamide adenine
dinucleotide hydride (NADH) dehydrogenase 1 (ND1) of mitochondrial Deoxyribonucleic Acid (mtDNA). A pool
of 12 Kacang buck ejaculates was diluted in skim milk-egg yolk extender contained 0, 0.05, 0.10, and 0.15 mg of
GTE/100 mL for T0, T1, T2, and T3 group, respectively. Each of the aliquot groups was packaged in 0.25 mL
French mini straw contained 60 million alive sperm and froze according to the protocol. The ND1 mtDNA
amplification of samples was carried out Polymerase Chain Reaction machine, followed by DNA sequencing using
the Sanger method. Meanwhile, the phylogenetic tree was constructed using the neighbor-joining (NJ) method
with MEGA 7.0 software. The results showed that the T2 group maintained the highest quality for Kacang buck
post-thawed semen. There was the highest percentages of sperms viability, motility, intact plasma membrane
(IPM), the lowest of malondialdehyde (MDA) concentration, sperm DNA fragmentation (SDF), the total and types
of ND1 mtDNA mutation frequency. The phylogenetic tree analysis revealed that the clade of the T2 group was
most closely related to the sequence reference. However, there was no correlation between the semen quality
parameters (sperm viability, motility, IPM, MDA concentration, and SDF) with ND1 mtDNA mutation of post-
thawed Kacang buck semen. It could be concluded that GTE was useful as an antioxidant for Kacang buck
semen extender for frozen sperm.
1. Introduction

Kacang goats (Capra hircus) are an indigenous Indonesian livestock
species that can be reared by rural communities as an additional source of
income to prevent poverty and to provide animal protein. Breeding of
Kacang goat through artificial insemination (AI) technique expected to
accelerate the population. Unfortunately, the frozen semen of Kacang
buck semen has not available yet. Kacang buck sperm's main problem is
that goat sperm is more susceptible to cold shock stress than the other
species [1, 2]. Kacang buck's sperm is more sensitive to cryo-damaged
than Ettawa goat, ram, and Simmental bull's semen. Post-thawed of
Kacang buck semen, which extendedwithout any antioxidant, about 60%
of the sperm die, leaving less than 40% of the motile sperm [3]. This
post-thawed motility has not met the artificial insemination (AI)
requirement, which must more than 40% [4]. It was caused by the
freezing process of semen leads to the overproduction of reactive oxygen
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species (ROS). The plasma membranes contain large quantities of poly-
unsaturated fatty acids (PUFA), susceptible to oxidation. The cytoplasm
contains antioxidant enzymes but low concentrations due to the low
volume of the cytoplasm itself. Seminal plasma also contains both
enzymatic and nonenzymatic antioxidants. The enzymatic antioxidant
includes superoxide dismutase (SOD), glutathione reductase (GR),
glutathione peroxidase (GPx), and catalase (CAT). Meanwhile, the
nonenzymatic antioxidant covers glutathione (GSH), vitamins, minerals,
amino acids, and proteins. Those antioxidants protect sperm from
oxidative stress; however, their concentration decreases and becomes
insufficient to prevent oxidation after the extender's addition [5].

Oxidative stress may result in an imbalance between ROS generation
and endogenous antioxidant activities. The higher ROS causes peroxi-
dation of PUFAs, especially docosahexaenoic acid, which has six double
bonds per molecule in sperm cell membranes. One of the products of lipid
peroxidation is MDA [6]. The MDA level is an indicator of plasma
mail.com (S. Susilowati).
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membrane damage followed by reduced sperm viability and motility [5].
The DNA bases and phosphodiester backbones of sperm are also sus-
ceptible to oxidative stress [7]. Free radicals may cause lipid peroxida-
tion on nuclear DNA base modifications. The change of 8-OH-guanine or
8-OH-20-deoxyguanosine destabilizes DNA structure and causes sperm
DNA fragmentation (SDF) [8]. Additionally, cold sock causes the opening
of interchain disulfide bridges in protamines that may interfere with
sperm DNA [9]. DNA integrity is necessary for embryo development
[10]. Higher sperm SDF resulted in lower fertilization rates [11], lower
pregnancy rate [12], and finally, lower pregnancy rate [3].

The extender was essential to maintaining semen quality during
freeze-thawing semen. The skim milk-egg yok (SM–EY) extender was
chosen for this study. The proteins in skimmilk functioned as a pH buffer.
The sulfhydryl groups, β-lactoglobulin, and phosphocaseinase of skim
milk prevent sperm from the harmful effects of sperm metabolism
byproducts themselves. The caseinmicelle of skimmilkmaintains plasma
membrane stability and protects sperm from the ROS action [13].
Cholesterol derived from egg yolk maintains plasma membrane stability
[14] and inhibits DNA damage [15]. The addition of cholesterol in ex-
tenders before cryopreservation will increment the cholesterol mem-
brane content, protecting sperm against cryodamage [5]. Skim milk and
egg yolk's combination proved better protection during the freezing
process in ram semen [16]. The antioxidants addition is needed to bal-
ance the excessive ROS during the freeze-thawing process and enhance
sperm function by neutralizing ROS and reducing oxidative stress [17,
18] and improves sperm cryo survival [5]. Green tea extract (GTE) is a
plant-derived antioxidant that contains epigallocatechin-3 gallate
(EGCG). The EGCG has been reported to have a potent antioxidant and to
be able to decrease lipid peroxidation and protein carbonylation [19].
The EGCG has been shown to improve the quality of post-thawed ram
sperm [20], lowering oxidative stress, increases post-thaw microscopic
parameters of sperm buffalo [21], and decrease DNA damage [19].

The mitochondrial DNA (mtDNA) is maternal inheritance [22]. This
means the mtDNA in the Kacang buck sperm also comes from the dam.
The mtDNA encodes respiratory chain components required for oxidative
energy metabolism [23]. Genetic variants of mtDNA were associated
with male infertility [24]. Mutation of mtDNA is correlated to repro-
ductive capacity [22]. The mtDNA genetic variants in the NADH dehy-
drogenase 1 (ND1) genes may cause decreasing activities of
mitochondrial respiratory chain complexes [25]. Best to our knowledge,
there has not yet revealed mtDNA mutation on post-thawed Kacang buck
sperm, even in other livestock animals. The present study aimed to
determine whether the GTE addition in SM-EY extender increased the
semen quality (sperms viability, motility, IPM, MDA levels, SDF) and
reduced the ND1 mtDNA mutation of post-thawed Kacang buck sperm.

2. Material and methods

This study was conducted at The Regional Artificial Insemination
Center, the Faculty of Veterinary Medicine, Universitas Airlangga,
located in the village of Tanjung, Kedamean, Gresik District, East Java,
Indonesia. Furthermore, DNA analysis laboratory at the Animal Disease
Diagnostic Laboratory, Faculty of Veterinary Medicine, Brawijaya Uni-
versity, Lowokwaru, Malang, East Java, Indonesia.

2.1. Ethical approval

This study's proposal was approved by The Animal Care and Use
Committee, Airlangga University, Surabaya, Indonesia, No 520/
HRECC.FODM/VII/2019. The assessment was based on the animal wel-
fare principles, including the UK Animals (Scientific Procedures) Act
1986 and its associated guidelines (EU Directive 2010/63/EU) for animal
experiments. Buck semen was collected according to the protocol of
Chapter 4.7 (“The collection and processing of bovine, small ruminant,
and porcine semen”) the Terrestrial Animal Health Code of the World
Organization for Animal Health [26].
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2.2. GTE preparation

A total of 1.5 kg of green tea leaves (Camellia sinensis L. Kuntze,
herbarium accession number TRI-2025, Indonesia Research Institute for
Tea and Cinchona, Indonesia) were dried and then ground to a particle
size of 0.75 μm. The ground leaves were soaked in 96% ethanol for three
days in containers covered with aluminum foil to prevent evaporation.
The green tea solution was then filtered through standard cellulose
extraction filter paper and thimbles (Whatman) that had 0.5 μm nominal
pore size. The filtrate was evaporated at 50 �C in a rotary evaporator at
45 RPM to separate the solvent's green tea extract. The extract was then
evaporated in an acid chamber until a solid was formed and then freeze-
dried to obtain ready-to-use dried GTE. The extract was stored at �20 �C
[27].

2.3. Experimental animals

Four head of Kacang bucks (2–3 years; 35–45 kg) were kept in indi-
vidual stalls. All of those animals were fed 5 kg forage and 3.5 kg
concentrate (16%–18% crude protein) daily and ad libitum drinking
water.

2.4. Semen collection

An artificial vagina was used for semen collection twice a week. A
total of 12 ejaculate samples were examined for progressive individual
movements. If the sperm motility percentage of fresh semen was reached
at least 70% [4], the ejaculate was further processed as frozen semen.

2.5. Skim milk–egg yolk extender

Ten grams of skim milk powder (Merck 115338) were dissolved in
100 mL of distilled water, heated to 92–95 �C for 10 min, and subse-
quently cooled to 37 �C. The skimmilk solution was added to 5 mL of egg
yolk derived from laboratory chicken eggs to obtain 100 mL of the skim
milk-egg yolk mix. Next, penicillin (1.000 IU/mL) and streptomycin (1
mg/mL) were added to the mixture [27]. The aliquot was divided into
four equal portions, for the control group (T0, without GTE) and the
treatment groups T1 (0.05 mg GTE), T2 (0.1 mg GTE), and T3 (0.15 mg
GTE) added per 100 mL extender.

2.6. Frozen semen

Each group of aliquots (as mentioned in section 2.5) was further
divided into two equal amounts. The first portion was added to the semen
samples to obtain a final concentration of 480 million spermatozoa/mL.
The second was added with glycerol to reach 16% concentration, then
slowly added into the first mixture equally to obtain a concentration of
240 million spermatozoa/mL extended semen, then equilibrated at 5 �C
for one hour. The extended semen was packaged in 0.25 mL French
straws at 60 million sperm/straw. The filled straws were placed on the
Cold Handling Cabinet (Minitube), held in liquid nitrogen vapor (�140
�C) for 10 min, immersed, and stored immediately in liquid nitrogen
(�196 �C) for two weeks before it was assessed [3].

2.7. Post-thawed sperm quality assessment

Straw samples from each group were thawed in sterile water at 37 �C
for 30 s to evaluate six replicates' post-thawed semen quality. Sperm
viability, progressive motility, IPM, MDA, and SDF were evaluated.
Eosin-nigrosin stained of the dry-smeared sample was used for sperm
viability. The live sperm were marked by their bright transparent heads;
meanwhile, the head of the dead sperm was a reddish color. The
Computer-assisted Sperm Analyzer (CASA) method was used to measure
sperm motility. Only sperm with progressive motility was counted as
motile sperm. The hypoosmotic swelling test was used to evaluate the
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IPM. The intact plasma membranes were marked by circular tails;
meanwhile, the damaged plasma membranes were characterized by
straight tails. The thiobarbituric acid method was used for MDA con-
centration measurement [3]. Toluidine blue staining was used for SDF
assessment. Bright blue spermatozoa heads indicated intact chromatin
integrity (normal DNA), whereas dark blue heads indicated reduced
chromatin integrity (fragmented DNA) [27]. The sperm viability,
motility, IPM, and SDF measurement was conducted in 400 spermatozoa
under the light microscope (Olympus BX-53, Japan) at 400�
magnification.

2.8. Amplification and sequencing of the subunit 1 NADH dehydrogenase
gene

Amplification of the subunit 1 NADH dehydrogenase (ND1) mtDNA
housekeeping gene was performed before sequencing. The primer used
for this process were AB 736120.1 F: 50 CCCATACCCTACCCCCTCAT 30,
R: 50 GGGGTAGGATGCTCGGATTC 3’. The primer was designed using
the Primer3plus program based on goat (Capra hircus) sperm ND1 Capra
mtDNA (ID number: 1485856) from the NCBI Gene Bank (www.ncbi.nl
m.nih.gov). The amplification was carried out with a 35-cycle Polymer-
ase Chain Reaction (PCR) machine, using the QIAamp DNA Mini Kit
(Qiagen). Initial denaturation was performed at 94 �C for 5 min, dena-
turation at 94 �C for 1 min, annealing 60 �C for 45 sec (gradient: � 4 �C),
extension at 72 �C for 1 min, and post extension at 72 �C for 1 min. The
cycle begins with a hot start at 94 �C for 2 min and ends with incubation
at 72 �C for 5 min. The measurement of DNA quantity was carried out by
the spectrophotometric method at a wavelength of 260 and 280 nm. DNA
purity was determined based on the absorbance (A) ratio A260 to A280
[28]. The amplification was observed on the 2% agarose gel electro-
phoresis stained with red nucleic acid gel dye. The 2 μl of PCR product
was put into a 2% gel agarose well placed in the electrophoresis device,
then Tris-borate-Ethylene diamine tetra-acetic acid (TBE 10x, Promega
Corporation) was added to the limit covering the surface of the agarose
gel. The DNA electrophoresis tool was set with 400 V 100mA for 35 min
[29]. The Sanger method was used for DNA sequencing; meanwhile, the
MEGA 7.0 software was used to read the sequence of nucleotide bases
and the neighbor-joining phylogenetic tree construction with 1,000
bootstrap replicates [30].

2.9. Data analysis

The sperm quality was evaluated based on its viability, motility, IPM,
MDA concentrations, SDFs, and ND1 mtDNA fragment mutation fre-
quency. Sperm quality among the group was evaluated with analysis of
variance (ANOVA) and followed by the Tukey Honestly Significant Dif-
ference (HSD) test. Pearson's Product-Moment Correlation use for
analyzing the correlation of semen quality with ND1 mt DNA sperm
mutation. All statistical analysis was conducted to a 95% level of sig-
nificance using Statistical Product and Service Solutions (SPSS) Version
23. Meanwhile, the type of ND1 mtDNA sperm mutation was presented
as descriptive statistics.

3. Results

The sperm motility is the main indicator of semen quality as a
requirement for AI. The minimum sperm motility of ejaculates that
qualify for froze was 70% [4]. The result showed that the average sperm
motility of Kacang buck ejaculate was 89.02 � 1.77% (Table 2); this was
higher than the standard.

3.1. The quality of post-thawed semen

There was a sharp decrease in the quality of fresh semen to the post-
thawed semen without adding GTE to the extender. The sperm viability,
motility, and IPM were decreased from 91.86 � 1.49, 89.02 � 1.77, and
3

85.75 � 1.78% in fresh semen (Table 1) to 33.55 � 0.15, 29.63 � 0.45,
and 28.80 � 0.29% in the control group (Table 2). The addition of GTE
0.1 mg/100 mL extender showed the best semen quality (p < 0.05), with
the highest sperms viability, motility, and IPM and the lowest MDA
concentration (Table 2), and the lowest SDF (Table 3).

3.2. Mutation of ND1 mtDNA of post-thawed semen

The ND1 mtDNA amplification target was 550–575 bp band, and
reach 560 bp band (Figure 1). Meanwhile, the electrophoresis results of
PCR products were presented in Figure 2. The lowest (p< 0.05) mutation
frequency of ND1 mtDNA fragments was revealed in the T2 group
(addition of GTE 0.1 mg/100 mL extender, Table 3). The characteristics
of ND1 mtDNA mutation of post-thawed buck semen were based on
groups presented in Table 4. There was no correlation between the semen
quality parameters (sperm viability, motility, IPM, MDA concentration,
and SDF) with ND1 mtDNAmutation of post-thawed Kacang buck semen
(Table 5).

Based on characteristic joining in the phylogenic tree, T1 was an
outgroup (pleisiomorphic character), T0, T2, and T3 as a synapomorphic
character, while T2 a monophyletic character (Figure 3). Bootstrap
confidence values of the phylogenic tree were moderate (T0) and mod-
erate to good (T1, T2, and T3). The T2 genetic distance value was 0.008,
which was nearest to the reference sequence compared to 0.34, 0.35, and
0.66 of T0, T3, and T1, respectively (Figure 3, Table 6).

4. Discussion

Kacang buck ejaculate's average motility meets for AI requirement
(more than 70%) [4]. This percentage was better than another study's
findings of 75.2% [31] but lower than the 94.8% [32]. In this study,
Kacang buck ejaculates diluted in SM-EY extender with glycerol cryo-
protectant. Sperm need cryoprotectants to survive the freezing process.
The viability, motility, IPM, and DNA integrity of the sperm were sus-
ceptible to the freezing-thawing process [33] resulting from the extreme
temperatures and osmolarities marked by ROS production [34]. The
cryoprotectants should ideally have a low molecular weight. Glycerol is
an intracellular cryoprotectant that can penetrate the cell, thereby pre-
venting the formation of ice crystals that could otherwise result in
membrane rupture [35].

4.1. The quality of post-thawed semen

During the freeze-thawing process, there was a reorganization of
sperm membrane phospholipids, altering lipid-protein, lipid–carbohy-
drate, and protein-carbohydrate interactions, which causes alteration of
membrane activity [5]. Normally, the plasma membrane protects the
sperm's organelles and acts as a filter for transmembrane transport.
Therefore, the integrity of the plasma membrane vital for sperm viability
and motility [36]. Excessive production of ROS leads to protein, lipid,
and carbohydrate changes in the sperm membrane [37]. The ROS will
reduce the disulfide bonds between membrane proteins and membrane
phospholipids' peroxidation and modifications of the sperm glycocalyx.
As a result, the sperm membrane becomes fragile and lost of semi
permeability. Higher ROS impair several axonemal and mitochondrial
proteins, which results in the loss of sperm motility [5].

The T0 group had the lowest quality of post-thawed semen. There was
the lowest sperm viability, motility, IPM, and highest MDA levels and
SDF. This is not surprising since the freezing process of semen leads to the
cold sock of sperm. The cold sock changes the ratio of unsaturated fatty
acids and lowers cholesterol content [38], resulting in a less stable sperm
membrane [39]. Increased ROS causes peroxidation of PUFAs, especially
docosahexaenoic acid, which has six double bonds per molecule in sperm
cell membranes. One of the products of lipid peroxidation is MDA [6].
Free radicals of ROS may cause lipid peroxidation and mitochondrial and
nuclear DNA base modifications [40]. Modification of 8-OH-guanine or
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Table 1. The qualification of Kacang buck ejaculates.

Parameters Values

Volume (mL) 2.43 � 0.40

Concentration (million/mL) 3820.04 � 324.59

Viability (%) 91.86 � 1.49

Progressive motility (%) 89.02 � 1.77

Intact plasma membrane (%) 85.75 � 1.78

Figure 1. Total DNA electrophoresis results at 1% agarose gel. Description: M: 1
kb marker, and seven samples were taken to represent each treatment group. K
¼ control group, P1A, P1B ¼ T1, P2A, P2B- T2, P3B, P3A ¼ T3 samples group.
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8-OH-20-deoxyguanosine will destabilize the DNA structure and causes
SDF [8]. The opening of interchain disulfide bridges in protamines dur-
ing the freezing process may interfere with sperm DNA [41].

Various antioxidants have been supplemented in semen extenders,
including GTE. The EGCG contained in GTE can decrease lipid peroxi-
dation, protein carbonylation, and DNA damage, which improves sperm
motility and acrosome integrity [9]. The post-thawed semen quality
increased until a certain dose of GTE addition in the extender. The T1
group had better semen quality than had the control group, although the
number of antioxidants did not yet compensate for the excess ROS
created during the freeze-thawing process. Sperm produce its antioxidant
enzymes, such as glutathione peroxidase, catalase, and superoxide dis-
mutase. However, the transport of enzymes into another part of sperm
was challenged by a small volume of sperm cytoplasm [42]. Oxidative
stress has numerous effects, including reducedmotility and plasma sperm
integrity. Green tea polyphenols may increase sperm quality through
catechin's capability to reduce ROS production [43].

The T2 group had the best semen quality, as it had the highest post-
thawed viability, motility, and IPM and the lowest MDA concentration
and SDF. This result was consistent with findings that GTE's addition to
an extender maintained the motility, viability, IPM, and DNA integrity of
Simmental bull sperm [27]. In boar semen, GTE supplementation also
reduced ROS production during freezing, as evidenced by higher motility
and viability of the GTE-supplemented group compared with that of the
control group [44]. The beneficial effects of EGCG are most likely due to
the antioxidative activity of polyphenol groups of catechin, which
perform as chelating agents, whereas flavonoids act as catalysts on the
lipid bilayers and membrane function [45]. At the molecular level, green
tea polyphenol action occurs via the signaling pathway of adenosine
monophosphate-activated protein kinase, cyclic adenosine mono-
phosphate, calcium ion [43], Fe2þ, ferric iron, and low-density lipo-
proteins [19]. The T3 group showed a decrease in post-thawed semen
Table 2. Effect of green tea extract (GTE) in skim milk-egg yolk (SM-EY) extender on v
(nmol/mL) of Kacang buck sperm (six replicate respectively).

Group Sperm viability Sperm motility

T0 33.55 � 0.15c 29.63 � 0.45d

T1 37.18 � 0.15b 37.15 � 0.98b

T2 45.28 ± 0.21a 45.25 ± 0.35a

T3 33.23 � 1.12c 32.23 � 0.24c

Values with different superscripts in the same column are significantly different (p < 0
extender with the addition of 0.05, 0.1, and 0.15 mg GTE/100 mL extender, respecti

Table 3. SDF (%, six replicate) and the frequency of DNA mutation of post-thawed o

Group SDF Total mutation Mutation ty

Transition

T0 7.69 � 0.14a 51.11 � 8.39b 42.78 � 5.8

T1 6.80 � 0.14c 64.60 � 0.89a 50.40 � 1.1

T2 4.32 ± 0.11d 11.25 ± 5.86c 9.06 ± 4.83

T3 7.15 � 0.11b 54.44 � 35.37b 46.67 � 23.

Bold signifies (p < 0.05).
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quality. The higher antioxidant level in the T3 group disrupted the bal-
ance state needed for the physiologic function of sperm [16]. This finding
was in consonance with an earlier report that higher exposure of anti-
oxidants results in a paradox of antioxidants causes decreased male
fertility [47, 48].
4.2. Mutation of ND1 mtDNA of post-thawed semen

The cryopreservation of sperm causes water movement, dehydration
by intra and extracellular ice formation, ROS, apoptotic stimulation, lipid
peroxidation, cytochrome C release, activation of caspases, and activa-
tion of endonucleases and induced SDF [7]. During the cryopreservation
process, ruminant sperm suffer several structural and functional dam-
ages. The structural changes are followed by functional changes, cover
the membrane integrity/permeability changes, acrosome damage,
iability (%), motility (%), intactness of the plasma membrane (%), and MDA level

Sperm IPM MDA

28.80 � 0.297b 2563.83 � 0.77a

29.44 � 0.34b 2232.30 � 0.19c

34.04 ± 0.20a 1876.20 ± 0.11d

27.66 � 0.26d 2356.32 � 0.25b

.05). T0 denotes SM-EY extender without GTE; and T1, T2, and T3 denote SM-EY
vely. Values in bold were the best quality parameters of semen.

f Kacang buck semen.

pe

Transversion Deletion Insertion

5b 8.33 � 2.89b - -

4a 12.40 � 0.55a 1.00 � 0.00 1.20 � 0.45
c 1.88 ± 0.72c 1.25 ± 0.00 -

33b 7.50 � 4.95b - 8.33 � 0.00



Figure 2. Electrophoresis results of 2% agarose concentration PCR product. M: Marker 100 bp. P3B, P3C, P3D: samples of T3 group.

Table 4. The type of ND1 mtDNA mutation of post-thawed of Kacang buck semen based on groups.

Group Transition Transversion Deletion Insertion

T0 T-C, C-T, A-G, G-A (4) A-C, A-T, T-A, G-C (4) -(0) -(0)

T1 T-C, C-T, A-G, G-A (4) A-C, C-A, A-T, G-C, G-T (5) T, A (2) A (1)

T2 T-C, G-A, T-C (3) A-C, C-A, A-T (3) T (1) -(0)

T3 T-C, C-T, A-G, G-A (4) A-C, C-A, G-C, T-A, G-T (5) -(0) T, A, G (3)

Table 5. Pearson's correlation coefficient of the semen quality parameters with
ND1 mtDNA mutation of post-thawed of Kacang buck semen.

Parameters Correlation coefficient (r) p-value

Viability -0.29 0.71

Motility -0.22 0.78

IPM -0.05 0.95

MDA -0.02 0.98

DNA 0.24 0.76
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enzyme leakage, impairment of mitochondrial activity, increased ROS
resulting in oxidative stress, causes reduced viability, lower sperm
motility, and apoptosis. Meanwhile, the molecular change consists of
lipid peroxidation, DNA damage, epigenetic change, disruption of a di-
sulfide bond, change in mRNAs expression, tyrosine phosphorylation
increment, and protein/carbohydrate changes [5].

The total obtaining of isolation DNA based on the 1% agarose elec-
trophoregram (Figure 1) was more than 10,000 bp fragment. The elec-
trophoresis results at 1% agarose gel was an excellent yielding of DNA
isolation based on the quantity of DNA obtained [49]. The partial DNA
sequencing results indicate that there were fragments of nucleotide bases
with the same nucleotide bases as the NCBI database. However,
5

conserved regions have a mutation in their nucleotide bases [50].
Without any antioxidant (control group, Table 3), there was high SDF,
total mutation, transition, and transversion mutation of ND1 mtDNA
fragments mutation frequency. The mitochondrial membrane properties
were cryosensitive and caused increasing in ROS production [51]. High
ROS results in the oxidation of DNA, producing high frequencies of single
and double-strand DNA breaks. The SDF also causes defects in DNA
repair enzymes during the freeze-thawing process. The cryopreservation
was affected by the stability of sperm DNA. Oxidative stress cause
disruption of nucleoprotein structure, disulfide bonds, and the DNA–-
protamine complex of DNA [52].

Antioxidants improved sperm viability, motility, and reduced sperm
SDF [53]. The addition of GTE 0.1 mg/100 mL extender (T2 group,
Table 3) revealed the lowest SDF, total, and types of ND1 mtDNA frag-
ments mutation frequency. Only T2 has three of four probability transi-
tions (change from a purine to a purine or a pyrimidine to a pyrimidine)
of the ND1 mtDNA mutation. Meanwhile, the other group (T0, T1, and
T3) has a complete transition type. Transversion mutations (a purine
replaced by a pyrimidine, or vice versa) occur 4, 5, 3, and 5 in T0, T1, T2,
and T3, respectively, of eight the probability. Overall, nothing changes of
C to G, T to G of transversion ND1 mtDNA mutation. The deletion and
insertion mutation of ND1 mtDNA did not follow a specific pattern.
Overall, there was no deletion in G, C, and no insertion of C (Table 4).



Figure 3. Phylogenic tree analysis of ND1 mtDNA mutation of post-thawed of Kacang buck semen. T0 denotes SM-EY extender without GTE; and T1, T2, and T3
denote SM-EY extender with the addition of 0.05, 0.1, and 0.15 mg GTE/100 mL extender, respectively. Values in bold were the best quality parameters of semen.
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Disruptions of mitochondrial mtDNA may affect male reproductive
function [54]. Higher sperm mitochondrial DNA copy numbers
(mtDNAcn) and mitochondrial DNA deletions (mtDNAdel) were associ-
ated with lower sperm concentration, count, motility, and morphology
[55] and lower sperm fertilizing ability [56]. Sperm with mitochondrial
DNA (mtDNA) mutations was associated with lower semen quality and
fertility [7]. The damage of the mitochondrial genome and chromatin
integrity of sperm impairs male reproductive potential [57]. The mtDNA
copy number alterations and impaired chromatin integrity could affect
reproductive function [58]. In this study, there was no correlation be-
tween the semen quality parameters (sperm viability, motility, IPM, MDA
concentration, and SDF) with ND1 mtDNA mutation of post-thawed
Kacang buck semen (Table 5). It was linear to the finding that no cor-
relation was found between SDF and mtDNA copy number [58]. How-
ever, the post-thaw sperm with SDF was altered gene expression in
surviving embryos [52]. The blastulation rates were higher in the lower
of SDF [59]. The normal embryonic development is dependent on the
intactness and completeness of genetic material of sperm [60]. There was
a threshold of SDF to retain its fertilizing ability [61]. Sperm DNA
integrity is essential for embryo development [62]. Lower SDF of sperm,
followed by a higher pregnancy rate [3]. Sperm with SDF can complete
the fertilization process. However, embryo development can be inter-
rupted due to the transcription of damaged paternal genes [5].

Based on characteristic joining in the phylogenic tree, T1 was an
outgroup (pleisiomorphic character) [63], T0, T2, and T3 as a synapo-
morphic character [64], while T2 a monophyletic character [65]. The T2
genetic distance value was 0.008, and it was nearest to the reference
sequence (AB736120.1 Capra hircus mitochondrial ND1 gene for NADH
dehydrogenase subunit 1 partial cds isolate: G1239) compared to other
Table 6. Bootstrap values and genetic distance values (p-distance) of base
sequence result toward reference.

Group Boostrap Genetic distance values

T0 54% 0.034

T1 67–100% 0.066

T2 67–83% 0.008

T3 66% 0.035

6

groups (Figure 3, Table6). It means the T2 clade was most closely related
to the sequence reference [22] Capra hircus sperm ND1 Capra mtDNA
(Figure 3). The bootstrap confidence values of the T2 group were 77–83,
which means 77–83% of the same branch was observed when repeating
1000 times of the phylogenic reconstruction on the samples [66]. It
showed that based on neighbor-joining to the reference sequence, the T2
group (addition of 0.1 mg GTE/100 mL SM-EY extender) was the best
quality post-thawed Kacang buck semen.

This study was limited in extracting green tea using ethanol solvent
and exploring the advanced methods. The nanoparticle extract has a
large surface area to volume ratio [67] than ethanol extract, thereby
improving penetration into the cell [68]. Future studies were suggested
to use green tea extract nanoparticles to increase the post-thawed semen
quality, measure total antioxidant capacity, and implement the
post-thawed semen for artificial insemination on Kacang buck does
recipients.

5. Conclusion

The addition of GTE 0.1 mg/100 mL extender resulted in the best
quality of Kacang buck post-thawed semen based on the highest per-
centages of sperms viability, motility, the lowest MDA levels, SDF, the
total amount and types of ND1 mtDNA fragments mutation frequency.
The clade of the T2 group was most closely related to the sequence
reference. However, there was no correlation between the semen quality
parameters (sperm viability, motility, IPM, MDA concentration, and SDF)
with ND1 mtDNA mutation of post-thawed Kacang buck semen.
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