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ABSTRACT

Kacang goats can be bred through artificial insemination techniques using liquid semen
from a superior buck. The study was aimed to determine the quality of Kacang buck semen in
chilled storage when green tea extract (GTE) was added to the semen extender. Specifically,
12 ejaculates from three Kacang bucks were diluted in skim milk-egg yolk extender containing 0
mg, 0.05, 0.10, and 0.15 mg of GTE/100 mL. The extended semen was stored at 5°C, and its quality
was evaluated daily for 5 d. Comparatively, semen with 0.10 mg of GTE/100 mL had the best quality
(p<0.05): it had the highest sperm viability, sperm progressive motility, and sperm intact plasma
membrane values, and the lowest malondialdehyde levels and DNA fragmentation percentage.
However, as the storage period increased, there was a decrease in sperm viability, sperm motility,
and sperm intact plasma membrane values with an increase in malondialdehyde levels and DNA
fragmentation (p<0.05). The sperm motility of semen with 0.10 mg of GTE/100 mL was maintained
during 5 d of chilled storage to meet the qualification for artificial insemination. In contrast, the
sperm motility of semen with 0.05 mg and 0.15 mg of GTE/100 mL was maintained for 4 d, whereas
that of the control semen was maintained only for 3 d. Thus, the addition 0.10 mg of GTE/100 mL
of skim milk-egg yolk extender seems to help maintain the quality of Kacang goat sperm in chilled
storage.
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INTRODUCTION

Kacang goats are small ruminants that are often
reared as sources of income to prevent poverty. Given
the small size of these goats, they are relatively easy
to rear; they do not require a large land area, the cost
of investment is relatively low, and there is acces-
sibility to the market. Kacang goats can be bred using
artificial insemination (AI) techniques; thus, farmers do
not necessarily require their own Kacang bucks. Indeed,
superior Kacang bucks owned by breeder groups are
selected for their semen, which is used for Al, whereas
Kacang bucks not selected for breeding are sold for
their goat meat. Either fresh or frozen semen, which is
deposited intracervical, can be used for AI;, however,
frozen Kacang buck semen is not typically available in
rural areas (unlike bull semen, which is easily accessed
through inseminator services). Therefore, Al of Kacang
goats is usually achieved with liquid semen; insemina-
tor trainees are trained to collect and dilute semen for Al
of does in estrus.
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Currently, there is no minimum standard for the
quality of goat semen in chilled storage; hence, we refer
to frozen semen standards. The Indonesian National
Standard Agency stipulates that the minimum sperm
motility in frozen semen be 40% in 50 million sperm per
dose for AI (SNI 4869.3, 2014). With room temperature
(24 °C) storage, fresh Kacang buck semen qualifies
for Al within 15 h from the collection (Kusumawati
et al., 2017); sperm motility decreases rapidly at room
temperature because of lactic acid derived from the
metabolism of sperm as they produce energy (Reynolds
et al., 2017). Consequently, using fresh semen for Al is
challenging, particularly when only a small number of
does are being inseminated over a large area. Storage
at 5 °C extends the lifespan of semen for several days
before use (Macias et al., 2017); thus, chilling is used to
maintain semen quality for transportation and short-
term storage (Di Iorio ef al., 2014). The metabolism of
sperm slows when it is chilled, which decreases the rate
of lactic acid formation and increases sperm lifespan. In
an earlier study, we showed that Ettawa buck semen in
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a skim milk extender maintained 43.5% motility for 4 d
when stored at 5 °C (Susilowati et al., 2019).

To the best of our knowledge, a protocol for chilled
storage of Kacang buck semen has yet to be established.
Nevertheless, semen extender is generally considered
critical to maintaining the quality of chilled semen. For
example, skim milk-egg yolk (SM-EY) extender im-
proves the protection of ram semen during chilled stor-
age (Rahman et al., 2018; Ugur et al., 2020). The presence
of antioxidants in extenders provides their protective
function; these neutralize reactive oxygen species (ROS)
and reduce oxidative stress in sperm (Allai ef al., 2018;
Kumar ef al., 2019). Green tea extract (GTE) is a natural
plant antioxidant that contains epigallocatechin-3
gallate (EGCG), which is a potent antioxidant shown
to improve the quality of post-thawed sheep sperm
(Mehdipour et al., 2016). Thus, we hypothesized that
the addition of GTE to SM-EY extenders would extend
the lifespan of sperm used for Al In the present study,
we tested this hypothesis with a specific focus on the
sperm viability, sperm motility, sperm intact plasma
membrane (IPM), malondialdehyde levels, and sperm
DNA fragmentation percentage of Kacang buck semen
in chilled storage. The study was aimed to determine
GTE’s effect in SM - EY extenders on the 69 threshold
period of sperm viability, sperm motility, sperm IPM,
MDA levels, and sperm 70 DNA fragmentations per-
centage of Kacang buck semen in chilled storage. In
general, our results will provide valuable information
for the storage and quality maintenance of Kacang buck
semen at chilled temperatures.

MATERIALS AND METHODS

The study was conducted at The Regional Artificial
Insemination Center of the Faculty of Veterinary
Medicine, Universitas Airlangga, Indonesia. The experi-
mental procedure was approved by The Animal Care
and Use Committee, Airlangga University (No. 520/
HRECC.FODM/VII/2019).

Green Tea Extract Preparation

To prepare the GTE, 1.5 kg of green tea leaves
(Camellia sinensis L. Kuntze) was dried and ground to a
particle size of 0.75 um, before being soaked in 96% eth-
anol for 3 d in a container covered with aluminum foil.
The solution was then filtered using standard cellulose
extraction filter paper (Whatman Cellulose Filter Paper,
Sigma-Aldrich) with a pore size of 0.5 um. The filtrate
was rotary-evaporated at 50 °C and 45 rpm (Greatwall
Scientific Industry, Zhengzhou, China) before being fur-
ther evaporated in an acid chamber (Greatwall Scientific
Industry, Zhengzhou, China). Finally, the extract was
freeze-dried (Millrock technology, Kingston, New York,
USA) and stored at —20 °C (Susilowati et al., 2021).

Experimental Animals and Semen Collection
Three Kacang bucks (2-3 years old) weighing 30-

40 kg were kept in individual pens. They were fed 5 kg
of forage and 3.5 kg of concentrate (16%-17% crude

protein) daily with drinking water available ad [ibitum.
Semen was collected twice a week using an artificial va-
gina. A total of 12 ejaculate samples were collected and
examined for progressive motility; as all 12 samples had
sperm motility >70%, they were each used as a replicate
in the study.

Skim Milk-Egg Yolk Extender

Skim milk powder (10 g; Merck 115338) was dis-
solved in 100 mL of distilled water, heated to 92-95 °C
for 10 min, and then cooled to 37°C. This solution was
added to 5 mL of egg yolk derived from laboratory
chicken eggs to obtain a 100-mL solution; to this, we
added penicillin (Meiji Seika Pharma, Tokyo, Japan)
1 IU/mL, and streptomycin (Thermo Fisher Scientific,
Singapore) 1 mg/mL (Susilowati et al., 2021). The solu-
tion was then divided into four equal portions to estab-
lish treatment groups: the control group (T0, without
GTE) and three GTE treatment groups (T1, T2, and T3
with 0.05, 0.10, and 0.15 mg of GTE/100 mL of extender,
respectively).

Chilled Semen

Each ejaculate was divided into four equal volumes
and diluted into the four treatment groups (as above)
to achieve final sperm levels of 400 million sperm/mL
(Susilowati et al., 2019). All samples were stored at 5 °C
and evaluated daily for 5 d.

Sperm Quality Assessment

Sperm viability, progressive motility, plasma
membrane integrity, malondialdehyde levels, and DNA
fragmentation were evaluated in each treatment group
to assess sperm quality (Susilowati ef al., 2019).

Viability. To determine sperm viability, samples were
dropped on a glass slide, mixed homogenously with
eosin (Sigma-Aldrich) and nigrosine (Sigma-Aldrich),
smeared, and then dried over a flame; these preparations
were examined at 400x magnification under a light mi-
croscope (Olympus BX-53, Shinjuku-ku, Tokyo, Japan).
The heads of live sperm appeared brightly transparent as
they did not absorb the dye, whereas those of dead sperm
absorbed the dye.

Motility. To assess sperm motility, 10 pL of the sample
was added to 1 mL of physiologic salt solution before
being homogenized, dropped on a glass slide, and then
covered. Under 400x magnification, the number of pro-
gressively motile sperm was counted from 100 sperm
using a light microscope (Olympus BX-53, Shinjuku-ku,
Tokyo, Japan) equipped with Linkam Warming Stages at
37-38 °C (Meyer Instruments, Houston, Texas, USA).

Intact plasma membrane (IPM). To assess the IPM of
sperm, a hypoosmotic solution was first produced con-
taining 7.35 g of sodium citrate 2H,O (Sigma-Aldrich)
and 13.52 g of fructose (Sigma-Aldrich) dissolved in 1 L
of distilled water. To 1 mL of this hypoosmotic solution,
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0.1 mL of the sample was added and incubated at 37 °C
for 30 min. The IPM of 100 sperm was assessed under a
light microscope (Olympus BX-53, Shinjuku-ku, Tokyo,
Japan) at 400x magnification. Sperm with IPMs showed
a bent tail, whereas those with a damaged plasma mem-
brane showed a straight tail.

Malondialdehyde levels. The thiobarbituric acid
(Sigma-Aldrich) method was used to measure malondi-
aldehyde levels. Along with 100-puL samples, malondi-
aldehyde kits containing 0, 1, 2, 3, 4, 5, 6, 7, and 8 pg/
mL were respectively added to 550 uL of distilled water
with 100 uL of 20% trichloroacetic acid. These mixtures
were homogenized for 30 s before 250 uL of 1IN HCI was
added and homogenized, and then 100 uL of 1% sodium
thiobarbiturate was added and homogenized. The final
mixture was centrifuged at 500 rpm for 10 min, and then
the supernatant was incubated in a water bath at 100 °C
for 30 min before being left at room temperature. The col-
or absorption was read in a spectrophotometer (Thermo
Fisher Scientific) at a wavelength of 533 nm, and malo-
ndialdehyde levels (ng/mL) were obtained on the basis
of the extrapolation of sample absorbance values against
the standard malondialdehyde curve.

DNA fragmentation. DNA fragmentation of sperm
was assessed using acridine orange staining. First, the
sample was dropped on a glass slide, smeared, air dried,
and fixed in 96% ethanol (1:1) for 30 min at 4 °C. After
air drying at room temperature, the slide was hydro-
lyzed in 0.1N HCI for 5 min at 4°C, rinsed three times
with distilled water, and then stained with 0.05% tolu-
idine blue (Sigma-Aldrich) for 10 min. Afterward, the
slide was washed in distilled water, dehydrated using
t-butanol (Sigma-Aldrich), and cleaned twice with xylol
(Sigma-Aldrich). The DNA fragmentation of 100 sperm
was examined under a light microscope (Olympus BX-
53, Shinjuku-ku, Tokyo, Japan) at 400x magnification.
Yellow-colored sperm heads indicated intact DNA,
whereas green-colored sperm heads indicated frag-
mented DNA (Dwinofanto et al., 2018).

Data Analysis

Sperm quality indicator (viability, motility, IPM,
malondialdehyde levels, and DNA fragmentation)
values among treatment groups and storage times were
analyzed using ANOVA followed by Tukey’s honestly
significant difference test. The statistical analysis was
conducted to a 95% level of significance using Statistical
Product and Service Solutions (SPSS) Version 23.

RESULTS

From 1.5 kg of dried green tea leaves, 1.2 kg
of powder (0.75-um particle size) was produced.
Extraction of the powder with ethanol yielded a thick
GTE (205 g), which reduced in weight after freeze-
drying (129 g).

The characteristics of the goat ejaculate used in this
study were as follows: yellowish-white in color with a
specific odor, thick consistency, and pH of approxi-

410  December 2021

mately 7. The average volume and levels of ejaculate
were 2.33 = 0.37 mL and 3679.15 + 320.92 sperm/mL, re-
spectively. The viability, progressive motility, and IPM
of the ejaculate were 91.30 + 1.75%, 88.05 + 2.33%, and
84.26 + 2.04%, respectively (Table 1).

Quality of Chilled Semen Based on the Addition of
Green Tea Extract

Compared with fresh ejaculate, there was a
substantial decline in sperm viability and progressive
motility in the control group (T0) at 24 h after samples
were in chill-stored (see Day 1 in Table 2). With 0.10 mg
of GTE/100 mL of SM-EY extender, this decline was
reduced (see Day 1 for T2 in Table 2). Higher levels of
GTE seemed to improve semen quality to a certain
extent, after which semen quality decreased (Table 2).
Specifically, the T2 group (0.1 mg of GTE/100 mL of
extender) had the best semen quality (p<0.05), as it had
the highest sperm viability, motility (Table 2), and IPM
percentages, as well as the lowest malondialdehyde lev-
els (Table 3) and DNA fragmentation percentage (Table
4). Indeed, the T3 group (0.15 mg of GTE/100 mL of
extender) had significantly lower semen quality (p<0.05)
than the T2 group.

Quality of Chilled Semen Based on Storage Time

Semen quality decreased significantly as storage
time increased (p<0.05); sperm viability, sperm motility
(Table 2), and sperm IPM levels decreased over time,
whereas malondialdehyde levels (Table 3) and DNA
fragmentation (Table 4) increased. The sperm motility
threshold (40%) period was 3 d in TO, 4 d in T1 and T3,
and at least 5 d in T2.

DISCUSSION

Sperm motility is a critical performance indicator
of semen quality as a requirement for Al Although
there is no minimum standard for the sperm motility of
chilled goat semen, frozen semen standards suggest that
motility should be at least 70% to qualify for Al (SNI
4869.3, 2014). The freshly ejaculated Kacang goat semen
collected in the present study had sperm motility of
88.05 + 2.33%, making it suitable for AL

The Kacang buck semen used in the current study
was diluted in SM-EY. Skim milk contains sulfhydryl
groups, nonenzymatic antioxidants, {3-lactoglobulin,
and phosphocaseinate, which all help to prevent the
harmful effects of metabolism by-products. In addi-
tion, casein micelles effectively preserve plasma mem-

Table 1. The variables of fresh Kacang goat semen

Variables Values
Sperm volume (mL) 2.33+0.37
Sperm concentration (million/mL) 3,679.15 + 320.92
Sperm viability (%) 91.30+1.75
Sperm progressive motility (%) 88.05+2.33
Sperm intact plasma membrane (%) 85.26 +2.04
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Table 2. Sperm viability and sperm motility of Kacang buck semen treated using green tea extract in skim milk-egg yolk (SM-EY)

extender and stored at 5 °C for 5 days

Storage times

Variables
Day 0 Day 1 Day 2 Day 3 Day 4 Day 5
Sperm viability
TO 77.15 £ 0.8244 75.15 +0.22% 66.57 +0.24% 53.17 +0.12" 39.35 + 0.23F¢ 27.85 + 0.58F¢
T1 84.65 + 0.614° 82.35 + 0.24" 72.65 £ 0.24° 59.56 +0.32" 41.31 +0.58% 36.17 +0.38%
T2 90.15 + 0.4242 88.64 + 0.24% 79.35 + 0.25< 66.19 + 0.18"* 50.08 + 0.15% 43.10 + 0.27%
T3 81.94 +0.814¢ 79.56 + 0.43"¢ 67.57 +0.41¢ 55.35 +0.17°¢ 39.54 + 0.27" 28.50 + 0.24%¢
Sperm motility
TO 76.06 + 0.634 73.35 +0.25% 65.65 +0.37< 51.25+0.51" 38.54 + 0.18F 25.55 + 0.32"
T1 83.48 + 0.694° 80.44 + 0.28" 70.50 + 0.34< 58.15+0.33™ 40.05 +0.31% 31.60 + 0.39%
T2 87.55 +0.7342 85.30 + 0.355 7745 +0.22¢ 62.28 + 0.37P2 48.25 + 0.34" 39.75 + 0.22%
T3 79.30 + 1.094¢ 74.25 + 0.235¢ 66.35 + .28 54.28 +0.30°¢ 38.35 + 0.28F 27.45 +0.28F

Note: #F Means in the same row with different superscripts differ significantly (p<0.05). *¢ Means in the same column with different superscripts differ
significantly (p<0.05). Day 0= immediately after dilution (before storage); T0= SM-EY without GTE; T1, T2, and T3= SM-EY extender with the
addition of 0.05, 0.10, and 0.15 mg of GTE/100 mL of extender, respectively. Values in bold indicate the best quality parameters of semen.

Table 3. Sperm intact plasma membrane (IPM) and malondialdehyde levels of Kacang buck semen treated using green tea extract in
skim milk-egg yolk (SM-EY) extender and stored at 5 °C for 5 days

Storage times

Variables
Day 0 Day 1 Day 2 Day 3 Day 4 Day 5
Sperm IPM
T0 57.69 +1.004 50.18 + 0.425¢ 45.20 +0.19¢ 38.15 £ 0.29"¢ 30.54 + 0.10%¢ 25.45 + 0.58%
T1 64.27 +0.944° 60.10 +0.21%° 50.25 +0.28 39.45 +0.14™ 38.71+0.22% 28.54 +0.27%
T2 69.71 £ 0.924 65.35 = 0.09% 54.10 + 0.28< 50.05 = 0.21° 41.55 +0.11% 36.06 = 0.09"
T3 59.85 + 0.734¢ 49.60 + 0.14% 47.15+0.07< 37.90 + 0.09"¢ 30.50 + 0.52°% 27.02£0.11%
Sperm malondialdehyde levels
TO 2136.93 +11.13" 223516 +0.19%  2512.51+0.10°  2609.65+0.16<*  2846.86 +0.26%  3126.83 +0.104*
T1 1790.17 +41.15% 187520 +0.13%  2092.36+0.13° 221573 +0.12°  2532.42 +0.10%  2831.34 +0.21*¢
T2 1379.53 £ 21.34"  1586.33 £ 0.11"%¢  1776.19+0.12°¢  1825.35 £ 0.13“¢  1976.54 + 0.13%¢  2196.54 + 0.104¢
T3 1834.15+361.19" 2198.37+0.17%>  2226.32+0.13">  2485.26 +0.17<*  2705.59 + 0.10%>  2985.50 + 0.12"

Note: AF Means in the same row with different superscripts differ significantly (p<0.05). *¢ Means in the same column with different superscripts differ
significantly (p<0.05). Day 0= immediately after dilution (before storage); T0= SM-EY without GTE; T1, T2, and T3= SM-EY extender with the
addition of 0.05, 0.10, and 0.15 mg of GTE/100 mL of extender, respectively. Values in bold indicate the best quality parameters of semen.

Table 4. Sperm DNA fragmentation (%) of Kacang buck semen treated using green tea extract in skim milk-egg yolk (SM-EY) ex-

tender and stored at 5 °C for 5 days

Storage times

Treatments

Day 0 Day 1 Day 2 Day 3 Day 4 Day 5
TO 4.23 +0.08% 5.25+0.22< 5.45 +0.14< 6.75+0.14% 6.85 +0.24% 7.60 £ 0.154
T1 3.84 +0.15% 4.75£0.22P° 5.30 £ 0.14< 6.10 + 0.42% 6.40 +0.21% 7.40 £ 0.234
T2 2.09 £ 0.17%¢ 2.40 +0.18% 2.77 £0.18"4 3.65 +0.16<¢ 3.90 + 0.09%4 4.75 £ 0.18%¢
T3 3.67 +0.20™ 4.20 +0.12¢ 442 +0.17¢ 5.25 +0.07< 5.50 +0.11% 5.80 +0.16*°

Note: AT Means in the same row with different superscripts differ significantly (p<0.05). *¢ Means in the same column with different superscripts differ
significantly (p<0.05). Day 0= immediately after dilution (before storage); T0= SM-EY without GTE; T1, T2, and T3= SM-EY extender with the
addition of 0.05, 0.10, and 0.15 mg of GTE/100 mL of extender, respectively. Values in bold indicate the best quality parameters of semen.

brane stability and protect sperm from the oxidative
stress caused by lipid peroxidation (Fadl et al., 2020).
Furthermore, egg yolk is rich in cholesterol, which im-
proves the quality of frozen semen (Anzar et al., 2019);
it helps decrease mitochondrial, and plasma membrane
deterioration and thereby inhibits DNA damage (Ezz et
al., 2017).

We found that the presence of GTE in the SM-EY
extender reduced the dramatic decline in semen quality
that occurred during chilled storage. High sperm qual-
ity requires a balance of ROS-mediated mitochondrial
metabolism and endogenous antioxidants in semen
plasma (Leite ef al, 2010). ROS plays a vital role in
regulating sperm functions (Wagner et al., 2018), such as
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maturation, hyperactivation, sperm-oocyte fusion, and
the acrosome reaction (Sanocka & Kurpisz, 2004). At low
levels, ROS also functions in tyrosine phosphorylation,
sterol oxidation, and cholesterol efflux in the process of
capacitation and fertilization (Takeshima et al., 2018).
However, the overproduction of ROS causes oxidative
stress, damages sperm DNA, and ultimately reduces
fertility (Thompson et al., 2014).

Aerobic respiration in cells produces ROS as a
by-product. High levels of ROS restrict the use of ATP
in mitochondria, which in turn reduces sperm viability,
motility, and membrane integrity (Sanocka & Kurpisz,
2004). Oxidative phosphorylation is an electron trans-
port chain in mitochondria in which nicotinamide ad-
enine dinucleotide acts as an electron donor and oxygen
acts as an electron acceptor. This process is the reduc-
tion and oxidation reaction involved in ATP synthesis,
which provides the energy needed for sperm motility
(Wagner et al., 2018). High ROS levels disrupt electron
flow along this electron transport chain, leading to
electron leakage in the mitochondria and a consequent
negative effect on sperm motility and DNA integrity
(Takeshima et al., 2018).

In the present study, the antioxidants derived
from the T1 group seem to have been insufficient to
offset excess ROS production. Oxidative stress occurs
when there is an imbalance in oxidation and reduction
reactions, which results in an increase in oxidants or
molecules that can readily accept electrons compared
with other molecules. Lipids in membranes and car-
bohydrates in nucleic acids can easily accept unpaired
electrons (Wagner et al., 2018). Sperm have endogenous
antioxidants, such as glutathione peroxidase, catalase,
and superoxide dismutase, and the sperm membrane
consists of polyunsaturated fatty acids, which are
sensitive to oxidation. When ROS levels are higher
than those of the endogenous antioxidants, as would
likely be the case with the T1 GTE treatment, lipid
peroxidation will occur in the sperm membrane. Lipid
peroxidation causes the loss of membrane integrity with
increased permeability, which reduces sperm motility
and increases DNA damage (Takeda et al., 2015). It also
generates toxic lipid aldehyde species, including malo-
ndialdehyde; thus, malondialdehyde levels reflect the
extent to which cells are attacked by free radicals (Wen
et al., 2019) and incur sperm plasma membrane damage.
As shown in the present study, an increase in malondi-
aldehyde levels is followed by a decrease in sperm IPM.
Sperm plasma membranes protect the organelles from
mechanical damage and act as filters to exchange intra-
cellular and extracellular substances; therefore, plasma
membrane integrity is vital for sperm success and af-
fects motility, viability, and DNA integrity (Leite et al.,
2010), including sperm chromatin structural damage
(Manente et al., 2015). The observed changes in DNA
fragmentation in the current work were consistent with
the changes in malondialdehyde levels and inversely
related to sperm IPMs.

We speculate that the following physiological
mechanism is responsible for the positive effect of GTE
in the T2 group on Kacang goat semen quality. First,
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GTE passed through the cell membrane and protected
DNA from free radical damage. The antioxidant ac-
tion of GTE could have lowered the acid phosphatase
enzyme levels, which are an indicator of cellular death
or damage (El-Battawy, 2019). Additionally, the EGCG
from GTE likely controlled ROS production by regulat-
ing catalase, superoxide dismutase 1, superoxide dis-
mutase 2, and glutathione peroxidase levels (Zhang et
al., 2020). Furthermore, GTE may have improved sperm
capacitation, tyrosine phosphorylation, and choles-
terol efflux via the estrogen receptor pathway (Martin-
Hidalgo et al., 2019). Although the T2 treatment most
improved goat semen quality, lower semen quality was
observed following a higher treatment of GTE in the T3
group. The EGCG contained in GTE is a potent antioxi-
dant; overly high exposure to antioxidants (reductants)
creates an antioxidant paradox that can negatively af-
fect cells and male fertility (Majzoub & Agarwal, 2018;
Majzoub et al., 2018). Additionally, the higher dose of
antioxidants in T3 could have reduced ROS levels to the
extent that the physiological function of sperm was af-
fected. In both cases, the T3 GTE treatment would have
lowered sperm quality.

As storage time increases, the percentage of live
sperm is known to decrease (Hahn et al., 2019). In addi-
tion, temperature fundamentally affects semen motility.
Skim milk-based extenders can preserve goat semen for
5 or 17 h at room or chilled (4 °C) temperatures, respec-
tively (Ferdinand et al., 2012); indeed, sperm stored at 4
°C survive longer than sperm stored at 23 °C (Wusiman
et al., 2012). The decrease in sperm quality over time is
likely due to ROS accumulation, which leads to the loss
of membrane selectivity and permeability. Superoxide
dismutase and catalase are essential components of
the antioxidant system in seminal plasma as they can
antagonize and block free radicals; however, their levels
become insufficient when ROS is overproduced because
of cooling and extended storage (Wen ef al., 2019). An
extender can increase the lifespan of sperm, but its ef-
fects are lessened with storage time, which is directly
proportional to increases in ROS levels. As shown in
the present study, extended storage increases ROS ac-
cumulation in the media, which consequently decreases
sperm viability, motility, and IPM, while increasing
malondialdehyde levels and DNA fragmentation.
Nevertheless, despite the negative effect of storage time
on semen quality, the TO, T1, and T3 groups studied
here still met the requirements for Al (i.e., 240% progres-
sive motility) until the third day of storage. Importantly,
the T2 treatment met the Al requirement until the fifth
day. These results show an improvement compared
with refrigerator-preserved ram semen, which was
acceptable for Al for approximately 48 h in skim milk
extender (Rahman et al., 2018).

DNA quality plays a vital role in embryo develop-
ment; sperm DNA fragmentation due to oxidative stress
can result in pregnancy failure (Takeda et al., 2015). In
fact, high sperm DNA fragmentation levels are nega-
tively correlated with fertilization rates (Manente et al.,
2015). In our previous study, sperm DNA fragmentation
<7% resulted in a satisfactory pregnancy rate (Susilowati
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et al., 2020). In the present study, 7% sperm DNA frag-
mentation was reached at 4 d of chilled storage in the TO
and T1 groups and 5 d in T2 and T3.

CONCLUSION

It can be concluded that the addition of 0.10 mg of
GTE/100 mL of SM-EY extender maintains the highest
quality of Kacang goat sperm (based on the highest
sperm viability, motility, and IPM, with the lowest
malondialdehyde levels and DNA fragmentation
percentage) when it is chill-stored for 5 d. This additive
method could therefore be used with chilled semen
storage in the field to improve Al success in goats.
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