
Introduction

The wide use of artificial insemination is the key technol-
ogy of livestock production for achieving genetic progress and
maintenance of genetic diversity (Waberski, 2018). Artificial
insemination is an alternative to increase the reproductive ca-
pacity of livestock and is expected to accelerate the breeding,
productivity, and genetic quality of goats (Ren et al., 2019),
cattle (Lamb and Mercadante, 2016), and pigs (Rodriguez et
al., 2017). To achieve an excellent result and for the artificial
insemination program to be carried out properly, best quality
semen from superior males is needed to be stored properly
for a long time, distributed to various regions and artificially
inseminated into females (Sitepu and Marisa, 2018).

Indonesian local goats normally have a smaller body size
and low production performance. However, they can adapt to
unfavorable environments and low quality feed. Therefore,
crossbreeding is performed to introduce genetic sources with
high productivity performance. Boer goats have excellent
body conformations, good carcass quality, fast growing, and
have high adaptability (Casey and Van Niekerk, 1988); further-

more, Boer goats have high resistance against diseases and
can increase the carcass percentage of crossbred goat (Malan,
2000). Based on those characteristics, Boer goats are potential
genetic resources in crossbreeding programs for improving
Indonesian local goat productivity [Duridic et al., 2012).

The quality of frozen semen is a major determinant to the
success of the artificial insemination program. Semen cryop-
reservation extend the viability of spermatozoa, fertilization
capacity, and increase the reproductive efficiency of males
(Casali et al., 2017). The semen preservation method has been
developed for the past few decades. However, the decline of
sperm quality during this process has not been resolved (Oliv-
era-Muzante et al., 2011; Paul et al., 2018). The sperm cell
motility rates after cryopreservation have been usually lower
than when fresh semen is used. The composition of the ex-
tender before the freezing process is one of the most impor-
tant factors that affects cryopreservation.

The cold shock resistant and cryoprotectant are necessary
to preserve sperm during freezing and thawing. Cryopreser-
vation and thawing might disrupt the plasma membrane of
spermatozoa and reduces their post-thawing motilities and
viabilities (Wahjuningsih et al., 2019). During the freezing
process, a cold shock occurs to frozen spermatozoa due to a
decrease in temperature to −196 °C and lipid peroxidation*Corresponding author: Sri Wahjuningsih
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Extract of Cincau (Mesona palustris B.) Supplementation in Semen
Extender Improves Boer Goat Sperm Cryopreservation
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The spermatozoa freezing process of Boer goat sperm leads to cold shock and lipid peroxidation, which
increases reactive oxygen species. To reduce oxidative stress, antioxidants are required as semen diluents,
which can be supplemented with the extract of black cincau (Mesona palustris B.) leaves. This study
aimed to analyze the effects of black cincau leaf extract supplementation at dosages of 0%, 1.5%, 2%,
and 2.5% in a basic diluent of skim milk yolk on the quality of post-thawing frozen semen and to deter-
mine the in vivo fertile quality of frozen semen through artificial insemination. This study used a com-
pletely randomized design using 110 sperm samples. There were four dilution treatments: skim milk
yolk supplemented with 0%, 1.5%, 2%, and 2.5% (v/v) black cincau leaf extract, and added to sperm
samples labeled T0, T1, T2, and T3, respectively. The motility, viability, membrane integrity of spermato-
zoa, and malondialdehyde (MDA) levels were observed. The best quality of spermatozoa from this study
was used for artificial insemination to determine the percentage of conception rate and observed until
the female gave a birth. Treatment of T2 (2% black cincau leaf extract supplementation) was found to
have the best record on motility, viability and integrity of plasma membranes, and lower level of MDA.
The results of artificial insemination on 30 female goats using T0 (without black grass jelly extract sup-
plementation) and 30 female goats using T2, each resulted in a conception rate of 63.33% vs 80%. It
could be concluded that skim milk yolk base diluent supplemented with 2% black cincau leaf extract
has the capability to protect the motility, viability, and plasma membrane integrity, decreased MDA level
of sperm after freezing and increase conception rate.
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(LPO) caused by an increase in reactive oxygen species (ROS)
(Sariözkan et al., 2014). The production of ROS by sperms is a
normal physiological process, but an imbalance between ROS
generation and scavenging activity is detrimental to the
sperms.

Antioxidants are required to prevent the damage to the
spermatozoa plasma membrane caused by LPO. Previous
studies showed that exogenous antioxidant treatments im-
proved the semen performance by reducing the effects of ox-
idative stress (Fang et al., 2017; Syarifuddin et al., 2017; Eriani
et al., 2018). Researchers have studied the potential of antiox-
idant supplementations to overcome this problem by reduc-
ing ROS accumulation during the preservation process (Len et
al., 2019). Natural antioxidant supplementation from plant ex-
tracts to maintain the quality of semen has been studied, in-
cluding Moringa oleifera leaf extract (Wahjuningsih et al.,
2019), grape seed procyanidin extract (Nigella sativa Oil), and
honey (Wen et al., 2019).

One of the plants that contain antioxidant property is the
grass jelly plant (cincau). It has several types, namely green
grass jelly (Cyclea barbata Miers), black cincau (Mesona palus-
tris B.), and grass jelly shrub (Premna parasitica Blume). The
antioxidant activity of black cincau leaves extracted using ethyl
acetate and methanol yielded an inhibition concentration 50
(IC50) of <200 μg/mL. Black cincau extract contains flavonoids,
phenols, and tannins, with an antioxidant amount of
1054.7600 mg/L and IC50 of 4.3670 mg/ml, which classifies it
as very strong antioxidant (Tarnajaya et al., 2018). The effect
of skim milk yolk base diluent supplemented with Cincau leaf
extract on the quality of post-thawing goat semen and its fer-
tility has not been studied. Therefore, this study aimed to an-
alyze the effect of black cincau leaf extract supplementation
at different levels in skim milk yolk base diluent on the frozen
quality of post-thawing goat semen and to test the in vivo fer-
tility of frozen semen through artificial insemination.

Materials and methods

Ethical approval

This research has obtained ethical approval from the Ethics
Commission of Brawijaya University (058-KEP-UB-2020).

Samples collection

Semen were collected from four healthy male goats aged
3–3.5 years old, weighing 50–56 kg, which were farmed in the
Sumbersekar Field Laboratory of the Faculty of Animal Hus-
bandry, University of Brawijaya. Sampling was carried out
twice a week using the artificial vaginal method, using a Doe
in heat as a teaser.

Evaluation of semen quality

Semen quality was evaluated in the Sumbersekar Field
Laboratory and Animal Reproduction Laboratory of the Fac-
ulty of Animal Husbandry, UB's Central Laboratory of Biolog-
ical Sciences. The evaluation was based on standard criteria
(Rather et al., 2016). If there were no abnormalities in color
and odor, then microscopic examination was continued to de-
termine the motility, viability, abnormalities, membrane in-
tegrity, and spermatozoa concentration.

A total of 128 semen ejaculates were collected from goats,
out of which 110 ejaculates were found suitable for preserva-
tion. Only semen with a progressive motile spermatozoa qual-
ity of more than 75% and normal morphology of more than
85% were used in this study.

Microscopic analysis evaluation of semen includes pro-

gressive motility (Lukman et al., 2014), viability, and morphol-
ogy of the abnormality, which can be observed using eosin–
nigrosin staining (Ducha et al., 2012), and hypo osmotic
swelling test (Karunakaran and Devanathan, 2016; Eriani et al.,
2018). 

Spermatozoa with intact plasma membrane are character-
ized by a coiled spermatozoa tail, whereas spermatozoa with
damaged membranes are characterized by a straight tail
(Ramu and Jeyendran, 2013). The sperm concentration was
counted subjectively with a hemocytometer Neubauer Cham-
ber. LPO levels of spermatozoa in the semen sample was esti-
mated by measuring the malondialdehyde (MDA) production
using thiobarbituric acid test (Morte et al., 2008; Kumaresan
et al., 2009). 

Preparation of Black cincau leaf extract and test for antioxidants
and phytochemical content

The black cincau leaf extract was prepared based on Pus-
pitasari and Wulandari (Puspitasari and Wulandari, 2017). Four
hundred grams of dried black cincau leaf powder are macer-
ated using 3 L of 96% ethanol for 3 days. The macerate was
then concentrated using a rotary evaporator at 45 oC to ob-
tain the extract. The extract was placed in a 1.5-mL Eppendorf
tube and stored in the freezer at −20 °C. The antioxidant ac-
tivity test was carried out using the 2,2 dipenyl-1-picrylhidrazyl
method based on Maesaroh et al. (2018). The phytochemical
content test was conducted based on Puspitasari and Wulan-
dari (2017) and the vitamin content was determined based on
the method by Techinamuti and Pratiwi (2018). A 0.1 gram of
black cincau extract was weighed and dissolved in 100 mL
aquabidest. Samples with a concentration of 1000 ppm were
then taken 1 mL and diluted until the volume reached 10 mL.
The diluted sample was then measured using a UV-Vis spec-
trophotometer at a wavelength of 265 nm.

Experimental design

This study used a completely randomized design, using
four treatments with 110 sperm samples. The basic diluent was
skim milk–egg yolk (Herbowo et al., 2019), which was prepared
by dissolving 10 g of skim milk powder (Tropicana Slim) and 1
g of fructose (Merck, KgaA, Darmstadt Germany) in 100-mL
distilled water. The mixture was then heated at 92 °C for 10
min and then cooled to 32 °C. Fresh yolk from <3 days old of
chicken eggs at a concentration of 5%, 1000 IU/mL of peni-
cillin (Meiji, Japan), 1 mg/mL of streptomycin (Meiji, Japan),
and 7% glycerol (Merck, KgaA, Darmstadt Germany) were
added to the egg milk scheme yolk extender. Four different
treatment diluents were prepared by adding 0%, 1.5%, 2.0%,
and 2.5% black cincau leaf extract to 100 ml basic diluent, and
labeled as T0, T1, T2, and T3, respectively. After preparation,
the diluent was kept in a water bath at 37 °C for semen dilu-
tion. The osmolarity values of freezing media used in each
treatment were 270 mOsm/kg (T0), 310 mOsm/kg (T1), 352
mOsm/kg (T2), and 395 mOsm/kg (T3).

Semen processing

Filling and sealing of straws

Extended semen was filled in 0.25 ml French mini straws
(IMV Technologies, France), and subsequently sealed using a
filling-sealing machine (Minitube, Germany).

Equilibration, vapor exposure, freezing, and thawing

The straws were laid on a stainless steel rack and placed
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in a cooling cabinet for 4 h to attain a temperature of 3º C–4
°C. After equilibration, rack of straws from the cooling cabinet
was transferred into a Styrofoam box with LN2. The LN2 quan-
tity in the Styrofoam box was so decided that its upper surface
remained 4 cm below the rack. Straws were exposed to LN2
vapored for 10 min. Finally, the straws were immediately trans-
ferred into liquid nitrogen goblet of a LN2 container and
stored at −196°C for 2 weeks prior to thawing. Thawing of
semen straws was done at 37 °C for 30 s in a water bath.

Artificial insemination

Healthy fertile does (n = 68) aged 3–3.5 years old (already
had at least one offspring) were selected for artificial insemi-
nation. Each doe was estrus-synchronized via a subcutaneous
injection of 1.5 mL PGF2α (Lutalyse, Holland).

Does were observed twice daily for heat behavior. To ac-
celerate and detect the heat condition, a mature goat was
shown in front of them in a separate room for 30 min. A total
of 60 does were detected on to be in heat; eight does were
excluded from the study because they were not in heat. The
does were equally divided into two groups (30 does each). The
first group of does was inseminated with skim milk–egg yolk
without black cincau leaves extract supplementation (T0), con-
sidered as a control group, while the rest of 30 does (second
group) was inseminated with the best frozen semen treatment
(2% black cincau leaves extract). Each doe was inseminated
twice; initial intracervical insemination was performed at 12 h,
after the first heat sign, a second insemination was performed
10 h later. All straws (150 x 106 sperm/straw) used in the ex-

periment were thawed in warm water (37 °C) for 30 s and then
loaded into the insemination gun (IMV Technologies). Success
of pregnancy was observed until the female inseminated using
T0 and T2 gave birth.

Statistics analysis

All data were expressed as the mean values ± SD. Data of
the progressive motility, viability, plasma membrane integrity,
and MDA were evaluated by analysis of variance. In order to
know the relationship between parameter, the Pearson’s cor-
relation was performed. All statistical analysis were performed
using SPSS 17.0 and the Duncan’s Multiple Renge Test (DMRT)
was used for further analysis if there was a significantly differ-
ence at α = 0.05.

Results

This research used fresh Boar goat semen, which was ex-
amined macroscopically to determine the quality of volume,
color, and pH. The microscopic examination parameters are
mass movement, individual movement, concentration, viabil-
ity, abnormality, and integrity of the spermatozoa plasma
membrane. The quality of fresh semen of Boer goat is pre-
sented in Table 1.

The results on motility, viability, abnormality, and mem-
brane integrity of diluted, equilibrated, and post-thawed
sperms of Boer goat treated with various concentrations of
black cincau extract are presented in Tables 2. The black cincau
extract in this study yielded total phenol = 39.79 ± 0.87

Table 1. Macroscopic and microscopic variables of fresh semen of Boer goat.

Variable Mean ± SD
Volume (ml) 1.25 ± 0.29
pH 6.70 ± 0.27
Color Milky white
Mass Motility +++
Individual motility (%) 80.55 + 8.35
Viability (%) 87.64 ± 6.56
Abnormality (%) 5.23 ± 0.52
Plasma membrane integrity (%) 88.34 ± 6.58
Concentration(106/ml) 2945.25 ± 125.52
MDA (μM) 4.94 ± 0.15

Parameters Treatments*) Phases of semen processing
Dilution Equilibration Post-thawing

Average motility (%)

T0 66.42 ± 5.63ᵃ 51.21 ± 4.84ᵃ 43.42 ± 3.67a

T1 67.35 ± 5.65b 54.23 ± 5.18ᵇ 45.95 ± 4.21b

T2 71.35 ± 6.35c 63.28 ±5.32c 50.40 ± 4.62c

T3 67.29 ± 6.19b 55.22 ± 4.35b 44.60 ± 3.90ab

Average viability (%)

T0 75.25 ± 3.83a 61.36 ± 4.25a 51.48 ± 3.25ab

T1 76.35 ± 5.57ᵇ 63.23 ± 3.57ᵇ 52.24 ± 3.36b

T2 82.12 ± 6.26c 78.12 ± 6.29c 59.21 ± 4.55c

T3 76.29 ± 5.65ab 61.28 ± 4.65ᵃ 51,44 ± 4.12ᵃ

Average plasma membrane in-
tegrity (%)

T0 76.12 ± 5.22 a 68.62 ± 3.36a 53.23 ± 2.80a

T1 77.15 ± 4.12b 68.78 ± 3.27a 54.29 ± 3.17b

T2 82.59 ± 6.76c 75.41 ± 5.93b 60.45 ± 3.75c

T3 7.22 ± 5.17b 68.59 ± 5.59ᵃ 54.24 ± 3.13b

Average MDA (μM)

T0 4.95 ± 0.10a 5.98 ± 0.18b 7.47 ± 0.18c

T1 4.94 ± 0.20a 5.92 ± 0.12a 7.35 ± 0.15b

T2 4.98 ± 0.13a 5.90 ± 0.08a 6.25 ± 0.12a

T3 4.99 ± 0.11a 5.96 ± 0.02ab 7.38 ± 0.10bc

Note: Means value in each parameter with different superscripts in the same column differ significantly (P < 0.05). *)Treatments means skim milk yolk supplemented with 0%
(T0), 1.5% (T1), 2% (T2), and 2.5% (T3) (v/v) black cincau leaf extract.

Table 2. The motility, viability, plasma membrane integrity, and MDA concentration of sperms of Boer goats treated with various concentrations of black
cincau extract in different phases of semen processing.
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mgGAE/gram, total flavonoids = 169.50 ± 1.77 mgQE/gram,
vitamin C = 3.86 ppm, and vitamin E = 147.87 ppm.

Spermatozoa motility is an important parameter of semen
quality that needs to be considered before artificial insemina-
tion. Motility strongly correlates with the ability of the sperm
to fertilize the ovum. The evaluation of the motility of individ-
ual spermatozoa at several phases of semen processing is
listed in Table 2. This study confirmed that the cryopreserva-
tion process significantly reduced Boer goat sperm motility in-
dicated by the reduced post-thawing motility of sperms
compared with the effects of dilution and equilibration of the
black cincau extract supplementation (Table 2). Sperms diluted
in skim milk yolk based diluents containing 2% (v/v) black cin-
cau extract had better post-thawed motility than those diluted
in T0, T1, and T3.

A supplementation of 2% black cincau extract can main-
tain the viability of frozen semen after thawing, higher than
those found in the control group and other groups treated
with different concentrations.

The spermatozoa plasma membrane integrity was also ex-
amined in this study. The addition of black cincau extract to
skim milk was for improve membrane integrity of plasma
membrane of sperms. The results showed that the addition of
a proper concentration of black cincau extract could signifi-
cantly (P < 0.05) maintain the integrity of the plasma mem-
brane of spermatozoa. Sperms diluted in skim milk yolk
diluents containing 2% (v/v) black cincau extract (T2) had bet-
ter plasma membrane integrity than the control group or
other treatments.

In all treatments, MDA levels of semen samples increased
after freezing and thawing (post-thawing) compared with dur-
ing dilution and equilibration. There was a significant differ-
ence (P < 0.05) in MDA levels between treatments. Table 2
shows that if the MDA concentration at post-thawing is com-
pared, among all treatments, T2 had the lowest MDA concen-
tration. The antioxidant components in black cincau extract
may protect the viability and integrity of the plasma mem-
brane through scavenging the LPO and prevent the formation
of MDA.

The results of this study indicated that motility has a sig-
nificantly positive correlation with viability (r = 0.957) and
plasma membrane integrity (r = 0.825). Motility, viability, and
plasma membrane integrity have significantly negative corre-
lation with MDA concentrations, r = -0.745, r = -0.728, and r
= 0.715, respectively (Table 3).

Frozen semen showing the best quality (T2) and control
(T0) was used in the artificial insemination to find out the fer-
tility quality in vivo. T0 and T2 were each inseminated into 30
does. Artificial insemination using frozen semen T0 contained
19 pregnant goats from 30 goats carried out by IB, while at T2
there were 24 pregnant goats from 30 goats carried out by IB.
Conception rates on T0 and T2 were 63.33% vs 80%, respec-
tively.

Discussion

The semen cryopreservation technology as an artificial in-
semination method has numerous advantages for animal hus-

bandry. However, the implementation of artificial insemination
with frozen–thawed semen to goat breeding is limited by the
poor ability of frozen spermatozoa. Therefore, the recovery of
good quality sperm cells, which is used for further cryopreser-
vation, is necessary. In this study, the addition of black cincau
as antioxidants was intended to obtain a better quality of Boer
goat semen after the freezing process. Semen quality was as-
sessed based on step of semen processing: dilution, equilibra-
tion, and post-thawing on the variables of motility, viability,
plasma membrane integrity, and sperm abnormality.

The results showed that 2% black cincau extract signifi-
cantly (p<0.05) produced a higher percentage of motility, vi-
ability, and plasma membrane integrity than the control and
other treatments. The study indicated that the addition of
black cincau extract with the proper concentration in skim milk
could improve the quality of frozen semen of Boer goats. This
research indicated that supplementation of black cincau ex-
tract could reduce LPO reactions that can damage the plasma
membrane of spermatozoa. The presence of antioxidant ac-
tivity in black grass jelly is influenced by the presence of phe-
nolic compounds such as flavonoids and phenolic acids.

According to Wahjuningsih et al. (2019) and Layek et al.
(2016), the addition of some herbal extracts, which contain an-
tioxidants into semen diluents, can improve the frozen-semen
quality. The best concentration of black cincau extract that
could maintain the high post-thawing quality of Boer goat
sperms was 2% (v/v). The results showed that 1.5% (T1) and
2.5% (T3) black cincau extract supplementation have lower
semen quality results than 2% (T2). The results obtained indi-
cated that the effects of the appropriate concentration of an-
tioxidants for maintaining semen quality (Sariözkan et al.,
2014). An addition of 1.5% black cincau extract (T1) did not
provide optimal protection for spermatozoa, while 2.5% (T3)
causes an increasing of osmotic pressure in the diluent, which
had a negative impact on the spermatozoa metabolism
process. A disrupted spermatozoa metabolic process will de-
crease energy production in the form of ATP, thereby reducing
the motility and viability of spermatozoa.

An addition of 2% black cincau extract supplementation
(T2) significantly (p<0.05) obtained a better result than T0, T1,
and T3 (Table 2). The results of this study support the fact that
black cincau extract supplementation that contains antioxi-
dants at an optimum level can improve the quality of post-
thawed semen based on its motility, viability, and plasma
membrane integrity. Black cincau extract supplementation
with the right concentration in the basic diluent of skim milk
yolk has a positive effect on improving the quality of frozen
goat semen.

A drastic increase in temperature during thawing leads to
a high metabolic activity, which means increased production
of free radicals. In addition, the plasma membrane of sperma-
tozoa cells undergoes a process of degradation due to the bad
effects of clotting so that it is very vulnerable to free radical
attack. The spermatozoa did not undergo such unfavorable
conditions at the dilution and equilibration phase. It is in un-
favorable conditions like this that the black cincau extract pre-
vents excessive LPO reactions in the plasma membrane of
spermatozoa cells caused by free radicals and other oxidants.

Reaction Oxygen Species (ROS) generated by spermato-

Sperm motility Sperm viability Plasm membrane integrity MDA concentration
Sperm motility 1 0.957** 0.825** -0.745**

Sperm viability 1 0.859** -0.728**

Plasma membrane integrity 1 -0.715**

MDA concentration 1

Table 3. Pearson’s correlation coefficient between sperm motility, vialbility, plasma membrane integrity, and MDA concentration.

**Correlations are significant at p<0.01 
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zoa is involved in normal physiological processes such as
sperm capacitation, acrosome reaction, maintenance of fertil-
izing ability, and stabilization of the mitochondrial capsule in
the midpiece in bovine (Awda et al, 2009; Goncalves et al.,
2010). However, excess ROS production in semen will have a
detrimental effect on spermatozoa (Takeshima et al, 2020). The
lipid of the plasma membrane of goat sperm has a higher con-
centration of unsaturated fatty acids compared with other ru-
minants. Therefore, in the thawing process, the lipid of the
plasma membrane can be damaged, resulting in LPO. Suscep-
tibility to cold temperatures is associated with a higher ratio
of unsaturated fatty acids than saturated fats, which may result
in the formation of a high LPO (Bansal and Bilaspuri, 2011).

Mammalian spermatozoa membrane is rich in polyunsat-
urated fatty acids (PUFA), which make it very sensitive to ROS.
Previous studies have shown that decreased motility of frozen
spermatozoa after thawing is associated with membrane
destabilization resulting in increased permeability to ions and
production of ROS (Awda et al, 2009). The process of preser-
vation results in over production of ROS, which is extremely
detrimental to spermatozoa. ROS promotes the peroxidation
of lipids, resulting in intracellular oxidative burden. The se-
quence of events involves LPO, loss of membrane integrity
with increased permeability, reduced sperm motility, structural
DNA damage, and apoptosis (Fang et al.,2017). In addition,
cryopreservation can cause DNA damage (Eveson, 2016). Con-
sequently, the fertility following artificial insemination using
cryopreserved semen is lower than that of fresh semen in
most species.

Based on the results of the analysis of black cincau extract,
it yielded total phenol = 39.79 ± 0.87 mgGAE/gram, total
flavonoids = 169.50 ± 1.77 mgQE/gram, vitamin C = 3.86
ppm, and vitamin E = 147.87 ppm. This shows that the black
cincau extract has an antioxidant activity that can suppress
free radicals due to phenolic compounds. The presence of
phenolic compounds in black cincau can play a role in inhibit-
ing free radicals by donating one electron to an unpaired elec-
tron in free radicals, so that it can reduce the number of free
radicals. Vitamins C and E can inhibit free radical chain reac-
tions. The collaboration between vitamins C and E can defend
spermatozoa from damage by capturing free radicals
(Maslukhah et al., 2016).

Radical metabolic wastes such as ROS and hydrogen per-
oxide are one of the byproducts of oxygen to provide energy
(ATP). These reactive compounds can disrupt the membrane
from LPO reactions (Tatone et al., 2010). Antioxidants block
LPO chain reactions by transferring one electron to a radical
compound or by accepting electrons to neutralize the
metabolites. These processes will prevent the detrimental ef-
fects of free radicals on the spermatozoa plasma cell mem-
brane.

The MDA level is one part of the semen quality assessment
using biochemical methods (Kordan et al., 2013). The plasma
membrane of spermatozoa is susceptible to LPO. This LPO
process occurs when PUFA, the largest constituent of the
plasma membrane that surrounds cells and cell organelles, are
broken down. Lipid oxidation of sperm membranes results in
an MDA compound, which is toxic to the cells. MDA is an alde-
hyde compound resulting from LPO, which is toxic to cells. The
higher the level of LPO that occurs, the more fatty acid chains
are broken into aldehyde compounds so that more MDA con-
tent is formed (Tatone et al., 2010). 

According to Susilowati et al. (2019), plasma membrane
integrity has a negative correlation with MDA and a positive
correlation with viability and motility of spermatozoa. Previous
research also found that there was a negative correlation be-
tween viability of spermatozoa and levels of MDA. The lower
the spermatozoa viability is, the higher the MDA level (Guthrie

and Welch, 2012; Febrianti et al., 2014). The greater the motil-
ity and viability of spermatozoa, the lesser LPO occurs (Tatone
et al., 2010).

MDA compounds cause damage to the spermatozoa
membrane and decrease the integrity of the spermatozoa
membrane (Sanocka and Kurpisz, 2004). Supplementation
with 2% black cincau extract (T2) obtained the lowest MDA
compared with T0, T1, and T3. Antioxidant compounds will
react with free radicals to minimize damage to the spermato-
zoa cell membrane. For all concentrations of black cincau ex-
tract supplementation, MDA levels during post-thawing had
a higher value (P<0.05) than during dilution and equilibration.

The high MDA levels during post-thawing are caused by
the activity of ROS, which disrupted lipids in the spermatozoa
membrane. The higher the level of LPO that occurs, the more
fatty acid chains are broken into aldehyde compounds so that
more MDA content is formed. Sperm plasma membrane im-
pairment during the freeze–thawing process can explain the
reduced ratio of post-thawing sperm motility, the increased
ratio of damaged acrosomes, and the higher MDA concentra-
tions (Fathi et al., 2019).

At the time of frozen semen thawing process, there is con-
tact between the semen and oxygen, which allows the forma-
tion of reactive oxygen compounds. At the same time, there
was a drastic increase in the temperature of the semen, which
spurred the metabolic rate of spermatozoa, increasing the
concentration of free radicals as a product of metabolism.

Cold shock will cause damage to cell structure and func-
tion. Free radicals will disrupt and take electrons from unsat-
urated fatty acids that make up the phospholipids of the cell
plasma membrane. The membrane will lose its permeability,
leads the release of many cellular components, including
lipids, proteins, and ions. Excessive production of ROS during
cryopreservation has been associated with the reduced post-
thawed motility, viability, membrane integrity, antioxidant sta-
tus, and fertility and sperm functions (Bansal and Bilaspuri,
2011). LPO can cause changes in membrane function, which
results in decreased metabolism, morphology, spermatozoa
motility, and fertility (Gallo et al., 2021).

Artificial insemination (AI) technology is one of the proven
reproductive technologies to improve the genetic quality and
population of livestock (Bearden and Fuquay, 2004). The eval-
uation of the success of AI can be measured from the number
of pregnant female goats, which indicates an increase in re-
productive efficiency. Conception rate (CR) is one indicator of
fertility that can be used to assess reproductive efficiency
(Pardede et al., 2020), and Dogan et al. (2015) stated that the
CR is cor¬related with the quality of semen. The quality of
semen must be considered in order to obtain a good fertility
rate for the artificial insemination of farm animal. The sper-
matozoa motility, viability, and plasma membrane integrity in
the skim milk yolk diluent with 2% black cincau extract sup-
plementation showed the highest percentage, while MDA
concentration were the lowest. The results of artificial insem-
ination on 30 female goats using T0 (without black grass jelly
extract supplementation) and 30 female goats using T2, each
yielding a conception rate of 63.33% vs 80%. The conception
rate at T2 is higher than T0 because the quality of frozen
semen at T2 is higher than at T0. The results of this study are
in accordance with the results of research from previous re-
searchers which proved that good semen quality will have a
big influence on the success of artificial insemination and in-
crease CR (Mekonnen et al., 2010; Kebede et al., 2018; Ku-
maresan et al., 2017; Sitali et al., 2017). 

Conclusion

A supplementation of 2% black cincau extract in skim milk
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yolk base diluent has the best protective effect on the motility,
viability, plasma membrane integrity, decreased MDA level of
frozen–thawed sperms and increase the conception rate.
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