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Objective: The aim of this study was to ascertain the effects of adding green tea extract 
(GTE) to skim milk-egg yolk (SM-EY) extender on both the quality of post-thawed bull 
semen and the pregnancy rates of the recipient cows. 
Methods: Twelve ejaculates from four Simmental bulls, aged 3 to 5 years and weighing 900 
to 950 kg, were diluted SM-EY extender, added with 0, 0.05, 0.1, and 0.15 mg GTE/100 mL 
extender and then frozen. After four weeks storage in liquid nitrogen, the sperm were thawed 
and evaluated for viability, motility, intact plasma membrane (IPM), and DNA fragmentation. 
Meanwhile, the estrus cycles of 48 recipient cows were synchronized by intramuscular 
administration of a single injection of 5 mg prostaglandin F2α. Estrus cows were divided 
into four equal groups and inseminated artificially 18 to 20 h after the onset of estrus by 
using semen from each extender group. Pregnancy was diagnosed by measuring serum 
progesterone levels at 21 days, followed by transrectal palpation 90 days after insemination. 
Results: The findings revealed that adding 0.1 mg of GTE/100 mL extender produced the 
highest percentages of sperm viability (70.67%±1.75%), motility (69.17%±1.47%), and 
IPM (69.23%±1.21%) and the lowest percentage of DNA fragmentation (3.00%±0.50%). 
The pregnancy diagnosis revealed that all cows (36/36) inseminated using frozen semen in 
GTE addition extender were pregnant (pregnancy rate 100%), whereas the pregnancy rate 
of the control group was 83.33% (10/12). 
Conclusion: It may be concluded that 0.1 mg GTE/100 mL extender yields the best quality 
of spermatozoa and that all variants doses of GTE in extender produce a higher pregnancy 
rate among recipient cows.
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INTRODUCTION 

The problem with frozen semen is the low quality of post thawing spermatozoa, as char-
acterized by changes in the ultrastructure and functional quality of spermatozoa, resulting 
in failure to fertilize the ovum [1]. This is due to the susceptibility of unsaturated fatty acids 
of the plasma membrane to cold temperatures during freezing. The plasma membranes of 
spermatozoa consist of lipids, proteins, and carbohydrates. Cryopreservation mediates 
changes in the fluidity of mitochondrial membranes, causing a release of reactive oxygen 
species (ROS), production of malondialdehyde, and changes in membrane potential; followed 
by protein inactivation due to ionization, lipid peroxidation, and DNA damage [2]; and, 
ultimately, decreased sperm fertility.
  Extenders and cryoprotectants are used to prevent the disruption of spermatozoa caused 
by cold shock. Extenders consisting of 20% egg yolk are used widely to cryopreserve live-
stock sperm. Egg yolk prevents cell damage during cryopreservation mediated by the presence 
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of high-density lipoproteins and minerals that suppress sperm 
cell respiration and reduce the cells’ motility. Meanwhile, the 
low-density lipoproteins of egg yolk prevent sperm damage 
by covering the sperm membrane during freezing and thaw-
ing [3]. Extenders containing a combination of skim milk 
and egg yolk are also used widely. Skim milk contains car-
bohydrates, and egg yolk contains lecithin, which can preserve 
the integrity of the spermatozoa lipoprotein envelope. Oxi-
dative stress can be reduced by using plant-based antioxidants 
to neutralize ROS [4]. Antioxidants added to the extender 
can enhance spermatozoa function and reduce the harm-
ful effects of oxidative stress caused by ROS during freezing 
[5]. Green tea extract (GTE) contains polyphenol, catechin, 
epicatechin, epigallocatechin, epicatechin gallate, and epi-
gallocatechin-3 gallate, and it is reported to have a more 
potent antioxidant effect than vitamin C or vitamin E; and 
proven to improve the quality of post-thawed frozen semen 
of sheep [6]. Many studies on the effect of GTE on semen 
quality of bulls have been carried out [1,7]. However, the 
assessment of those on the Simmental bull semen and fer-
tility test on recipient cows had never been conducted.
  Therefore, this study focused on ascertaining the effect of 
the addition of GTE in skim milk–egg yolk extender (SM-
EY) on the quality of post-thawed semen and the pregnancy 
rate of beef cows inseminated artificially with this semen. 

MATERIALS AND METHODS 

Animal care
The experimental procedure was approved by 520/HRECC.
FODM/VII/2019 The Animal Care and Use Committee 
Universitas Airlangga, Surabaya, Indonesia.

Location of study
This study was carried out at the Regional Artificial Insem-
ination Center, a teaching farm owned by the Faculty of 
Veterinary Medicine, Universitas Airlangga, located at Driyo 
Rejo, Gresik district. The application of Simmental bull fro-
zen semen to artificially inseminate cows was performed in 
the Lamongan, Situbondo, and Bondowoso Districts, all in 
East Java, Indonesia. 

Extraction of green tea
Green tea leaves were dried and ground to a particle size of 
0.75 micrometers in a grinding machine. Green tea powder 
was soaked by maceration using 96% ethanol solvent, al-
lowed to stand for three days, and covered with aluminum 
foil. The soaked substance was squeezed through filter paper, 
evaporated at 50°C in a rotary evaporator at 45 rpm to obtain 
a thick extract, and then freeze-dried and stored at –20°C 
until required [7].

Semen collection
Four Simmental bulls, aged 3 to 5 years, and weighing 900 to 
950 kg were collected using an artificial vagina, twice a week. 
Three ejaculates of each bull were examined both macro-
scopically (color, pH, volume, odor, and consistency) and 
microscopically (progressive individual movements, mass 
movements, and spermatozoa viability). If the percentage of 
motility and viability of spermatozoa qualify the requirements 
(at least 70%), the semen can be frozen. The ejaculate was 
processed and frozen, according to The National Standard-
ization Agency of Indonesia [8].

Extender preparation and freezing semen
Ten grams of skim milk powder (Merck 115338) was dis-
solved in 100 mL distilled water, heated to 92°C to 95°C for 
10 minutes, and then cooled to 37°C. A laboratory chicken 
egg (CV Redjo, Surabaya, Indonesia) was cleaned, and its 
yolk was separated from its white. Egg yolk 5 mL was diluted 
in a skim milk solution to reach 100 mL in volume, and then 
penicillin and streptomycin were added at 1.000 IU/mL and 
1 mg/mL, respectively. This SM-EY extender was divided 
into four equal portions for the control group (T0, without 
GTE), and the treatment groups T1, T2, and T3, which had 
0.05, 0.1, and 0.15 mg of GTE added per 100 mL extender, 
respectively. Each of the extenders was divided equally into 
extenders A and B. 
  Each ejaculate of each bull was divided into four portions 
equally and added to extender A to obtain a concentration 
of 240 million spermatozoa/mL. Extender B was added glyc-
erol to reach 16% concentration. Extender B was added slowly 
and gradually to extender A to obtain a concentration of 120 
million spermatozoa/mL. All extended semen was equili-
brated for 2 h at 5°C and then packaged in 0.25 mL semen 
straws at a dosage of 30 million spermatozoa/straw. The filled 
straws were placed on steel racks (Cooltop, Minitube, Tiefen-
bach, Germany), held in liquid nitrogen vapor for 10 min at 
–140°C, immersed immediately in liquid nitrogen (–196°C), 
and stored for four weeks until further assessment [7]. 

Assessment of sperm quality
Twelve straws of frozen semen of each group (randomly taken 
one straw as representative of each ejaculate) used in this 
study. They were thawed in sterile water at 37°C for 30 s and 
divided randomly into two groups: six straws for ascertain-
ing the sperm motility and viability, meanwhile the other six 
straws for plasma membrane integrity and DNA fragmenta-
tion assessment (six replications on each parameter).
  Sperm viability: Fresh or post-thawed semen was dripped 
on object-glass, eosin negrosin was added and mixed homo-
geneously, and the mixture was smeared and dried over a 
flame. The semen was examined under a light microscope 
(Olympus BX-53, Olympus BX-53, Shinjuku City, Tokyo, Ja-
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pan) at 400× magnification. The heads of live spermatozoa 
are transparent, whereas dead spermatozoa show damage to 
the plasma membrane; permeability increases gradually as 
the dye enters the cell, and the head appears reddish [9].
  Sperm motility: Semen 10 μL was added with 10 μL of physi-
ological NaCl, homogenized, and dropped on an object-glass 
and covered. Observation of the progressive movement of 
spermatozoa conducted under the light microscope at 400× 
magnification. Using the Computer-assisted Sperm Analyzer 
(CASA) method, spermatozoa motility was determined by 
calculating the progressive forward movement of 100 sper-
matozoa [9].
  Sperm plasma membrane integrity: Hypo-osmotic solution 
(7.35 grams Na Citrate 2 H2O and 13.52 grams of fructose 
dissolved in 1,000 mL of distilled water) 1 mL plus 0.1 mL of 
spermatozoa was incubated for 30 minutes at 37°C. Obser-
vation of intact plasma membrane (IPM) was conducted 
under the light microscope (Olympus BX-53, Japan) at 400× 
magnification. Spermatozoa in which the plasma membranes 
are intact are characterized by circular tails, as the plasma 
membranes still function well at absorbing water in hypo-
tonic environments. Spermatozoa with damaged membranes 
are characterized by straight tails [10].
  Toluidine blue staining for DNA fragmentation assessment: 
Semen was dropped on an object-glass, smeared, dried in 
the air, and fixed in 96% ethanol (1:1) for 30 min at 4°C. The 
preparations were air-dried, hydrolyzed in 0.1 N HCl for 5 min 
at 4°C, rinsed three more times with distilled water, stained 
with 0.05% toluidine blue stain for 10 min. The preparation 
was washed once more with distilled water, dehydrated using 
t-butanol, and cleaned with xylol twice. DNA fragmentation 
in 100 spermatozoa was examined under the light micro-
scope (Olympus BX-53, Japan) at 400× magnification. Bright 
blue spermatozoa heads indicated intact chromatin integrity 
(normal DNA), whereas dark blue heads indicated reduced 
chromatin integrity (fragmented DNA) [11]. 

Estrus synchronization, artificial insemination, and 
pregnancy diagnosis of cow recipients
Selection of cow recipients was based on data recording and 
the recollection of the farmer, i.e., the cows were healthy, not 
pregnant, and had regular estrus cycles, body condition score 
4 to 6 (9 scales), with a parity of 2 to 4. A transrectal palpa-
tion examination was performed to ascertain the presence 
and condition of an active corpus luteum. The estrus cycles 
of the qualifying cows were synchronized via intramuscular 
injection of 5 mg prostaglandin F2α (Enzaprost-T, Hochiminh, 
Vietnam). Observation of estrus was carried out two days 
post-injection, based on signs of nervousness or restlessness, 
voice, swelling, the warmth of the vulva, reddishness of vagina 
mucosa, thin and transparent cervical mucus expelled from 
the vagina, and mounting of other cows [12]. The 48 head of 

estrus cows were divided equally into four groups, insemi-
nated with T0, T1, T2, and T3 post-thawed frozen Simmental 
bull semen. The straws of frozen semen of those groups (ran-
domly taken one straw as representative of 12 ejaculates) 
thawed in sterile water at 37°C for 30 s, then used to insemi-
nate of those 12 cows recipient of each group. The artificial 
insemination (AI) was conducted at 18 to 20 hours after the 
onset of estrus. Pregnancy was diagnosed by measuring the 
progesterone serum level at 21 days, followed by transrectal 
palpation at 90 days post AI.

Statistical analysis
Motility, viability, IPM, and DNA fragmentation data were 
analyzed using analysis of variance, followed by the Tukey 
honestly significant difference (HSD). The results of the 
pregnancy diagnosis are displayed in a descriptive table.

RESULTS 

The average volume and concentration of 12 ejaculates from 
four Simmental bulls were 7.50±0.51 mL and 1,035±70.89 
×106 spermatozoa/mL, respectively (Table 1). Mass move-
ments were 3+, which means that spermatozoa moved 
together in thick, numerous, and fast waves. Each ejaculate 
contained 7.763±0.278×106 spermatozoa, which were used 
to produce straws of 0.25 mL volume containing 30 million 
spermatozoa.

The quality of post-thawed semen
The quality of post-thawed semen (motility, viability, IPM, 
and DNA fragmentation) diluted in SM-EY extender with 
added GTE was shown in Table 2. The addition of 0.1 mg of 
GTE/100 mL extender (T2) produced the highest percent-
ages of sperm viability, motility, and IPM; in contrast, the 
percentage of DNA fragmentation was the lowest compared 
to the control group (T0), 0.05 (T1), and 0.15 (T3) mg of 
GTE/100 mL extender (Table 2), respectively. Post-thawed 

Table 1. The characteristics of fresh Simmental bull semen (four 
bulls, three ejaculates respectively)

Parameter Mean±SE

Volume (mL) 7.50 ± 0.51
Consistency Thick
Color Yellowish white
Smell Specific
pH 6–7
Concentration (million/mL) 1,035 ± 70.89
Viability (%) 90.75 ± 0.12
Mass motility +++
Progressive individual motility (%) 87.50 ± 0.11
Abnormalities (%) 5.25 ± 0.14

SE, standard error.
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progressive motility, viability, and IPM were revealed a similar 
pattern: T0 (46.25%±1.53%, 48.55%±2.13%, and 43.57%± 
1.21%), T1 (56.30%±1.36%, 59.00%±1.29%, and 55.67%± 
1.54%), and T2 (69.17%±0.62%, 70.67%±0.71%, and 69.23% 
±0.49%) were significantly different (p<0.05) among other, 
meanwhile T3 (52.63%±1.33%, 55.33%±0.92%, and 52.83% 
±1.31%) were not significantly different (p>0.05) to T0. Post-
thawed DNA fragmentation of T0 (5.33%±0.67%), T1 (4.50% 
±0.43%), and T3 (4.35%±0.49%) were not significantly dif-
ferent (p>0.05) among other, but all of those were significantly 
higher (p<0.05) compared to T2 (3.00%±0.21%). This indi-
cated that GTE 0.1 mg/100 mL in SM-EY extender resulted 
in the best quality of post-thawed Simmental bull sperm.

Estrus synchronization and pregnancy diagnosis
The result of pregnancy diagnosis based on measurement of 
progesterone level d 21 post-AI was the same with preg-
nancy diagnosis through transrectal palpation (Tables 3, 4). 
All cows (36/36) inseminated using frozen semen in GTE 
addition extender were pregnant (pregnancy rate 100%), 
meanwhile the pregnancy rate of the control group was 
83.33% (10/12).

DISCUSSION

Addition 0.1 mg GTE/100 mL in SM-EY extender was the 
best quality of spermatozoa and that all variant doses of GTE 
in extender result in a higher pregnancy rate compared to 
the control group. There were two reasons for it: the excel-

lent quality of fresh semen itself and the addition of GTE as 
an antioxidant. The first reason proven of the average motility 
of ejaculates used in the study (87.50%) was qualified accord-
ing to the Indonesian National Standard [8], which states that 
bovine semen used for AI should have the sperm motility of 
fresh semen at least 70%. This Simmental bull sperm motility 
was better compared to the same breed bull in the earlier 

Table 2. The quality of post-thawed Simmental bull semen diluted in SM-EY extender, with the addition of various doses of GTE (mean±SE) (n = 6 
replication respectively1))

Parameter T02) T12) T22) T32)

Progressive (%)/mass motility 46.25 ± 1.53c/ 2 56.30 ± 1.36b/ 3 69.17 ± 0.62a/ 3 52.63 ± 1.33c/ 3
Viability (%) 48.55 ± 2.13c 59.00 ± 1.29b 70.67 ± 0.71a 55.33 ± 0.92b

Intact plasma membrane (%) 43.57 ± 1.21c 55.67 ± 1.54b 69.23 ± 0.49a 52.83 ± 1.31b

DNA fragmentation (%) 5.33 ± 0.67a 4.50 ± 0.43a 3.00 ± 0.21b 4.35 ± 0.49a

SM-EY, skim milk–egg yolk; GTE, green tea extract; SE, standard error.
1) Twelve straw of frozen semen of each group (randomly taken one straw as representative of each ejaculate) divided randomly into two groups, six straws 
for ascertaining the sperm motility and viability, meanwhile the other six straws for plasma membrane integrity and DNA fragmentation assessment (six 
replications on each parameter, respectively).
2) T0 denotes SM-EY extender without GTE, and T1, T2, and T3 denote SM-EY extender withe addition of 0.05, 0.1, and 0.15 mg GTE/100 mL extender, 
respectively.
a-c Different superscripts in the same row are significantly different (p < 0.05).

Table 3. Progesterone serum level (ng/mL) of cows recipients at day 
21 and the results of pregnancy diagnosis through transrectal 
palpation at day 90 post-AI, using frozen semen in SM-EY extender 
with the addition of GTE at various doses

Cow number T01) T11) T21) T31)

1 15.65/+ 16.10/+ 16.45/+ 16.40/+
2 16.45/+ 15.90/+ 16.60/+ 16.55/+
3 15.05/+ 15.80/+ 15.70/+ 15.65/+
4 0.80/– 16.40/+ 16.05/+ 15.95/+
5 15.35/+ 16.15/+ 16.70/+ 16.65/+
6 15.40/+ 16.25/+ 15.45/+ 15.40/+
7 0.90/– 16.10/+ 16.75/+ 16.70/+
8 15.70/+ 16.40/+ 16.60/+ 16.55/+
9 15.30/+ 16.20/+ 16.40/+ 17.65/+
10 16.10/+ 15.85/+ 16.85/+ 16.55/+
11 15.15/+ 15.75/+ 16.90/+ 16.45/+
12 15.40/+ 15.70/+ 17.75/+ 16.80/+

AI, artificial insemination; SM-EY, skim milk–egg yolk; GTE, green tea 
extract.
1) T0 denotes SM-EY extender without GTE; T1, T2, and T3 denote SM-
EY extender with the addition of at 0.05, 0.1, and 0.15 mg GTE/100 mL 
extender, respectively.
+, pregnant; –, not pregnant.

Table 4. The average serum progesterone levels (ng/mL) at day 21 of pregnant cows (mean±SE) and the pregnancy rate of cow recipients based 
on transrectal palpation at day 90 post-AI using frozen semen in SM-EY extender, with the addition of GTE at various doses

Pregnancy diagnosis T01) T11) T21) T31) 

Progesterone levels 15.56 ± 0.18 16.06 ± 0.11 16.52 ± 0.27 16.44 ± 0.26
Transrectal palpation (%) 83.33 (10/12) 100 (12/12) 100 (12/12) 100 (12/12)

SE, standard error; AI, artificial insemination; SM-EY, skim milk–egg yolk; GTE, green tea extract.
1) T0 denotes SM-EY extender without GTE; T1, T2, and T3 denote SM-EY extender with addition of 0.05, 0.1, and 0.15 mg GTE/100 mL extender.
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study was 85.83% [7], or another report was 70.2% [13]. 
The second reason was the addition of GTE. In this study, 
GTE extracted in ethanol solvent. Of different extraction 
solvents used, ethanol extract produced the highest yield of 
total catechins from green tea leaf [14] compared to the other 
solvent. Furthermore, the high liquid chromatography–mass 
spectrometry (HPLC-MS) method proved the separation and 
quantification of catechin in green tea leaf [15] and has shown 
that GTE contained catechin, epicatechin, gallocatechin, 
epigallocatechin, gallocatechin gallate, and epigallocatechin 
gallate (EGCG) [16]. EGCG was a more potent antioxidant 
than vitamin C or vitamin E [6]. The best of post-thawed 
viability, motility, and IPM were 70%, 67%, 69.17%, and 
69.23% respectively; this was higher compared to an earlier 
report, were 68.25%, 64.35%, and 62.25%, respectively [7]. 
This result also better compared to an earlier study that ad-
dition of 0.75% GTE has reached motility, viability, and 
IPM as 52.64%, 64.32%, and 53.34%, respectively [1]. The 
lowest DNA fragmentation of this study (3%) was lower 
compared to the lowest (11.5%) observed in Bali cattle bulls 
[11]. 
  The initial effect of the freezing process was on the sperm 
plasma membrane. The plasma membrane of spermatozoa 
protects organelles from mechanical damage and acts as a 
filter for the exchange of intracellular and extracellular sub-
stances. The integrity of the plasma membrane is vital for 
spermatozoa as it affects the metabolism associated with 
motility and viability. As motility enables spermatozoa to 
travel from its point of introduction to the site of fertiliza-
tion, it is a significant parameter when assessing semen for 
AI [17]. According to the Indonesian National Standard 
Agency [8], frozen bovine semen used for AI should have 
post thawing motility of at least 40%, and DNA damage must 
not be greater than 5%. DNA quality plays a vital role in em-
bryo development. Fragmentation of spermatozoa DNA due 
to oxidative stress can result in pregnancy failure [18]. 
  Physiologically, spermatozoa require a low dose of ROS 
to play a pivotal role in events associated with sperm ca-
pacitation. However, overproduction of ROS depletes the 
antioxidant system in sperm, causing oxidative stress, dam-
ages sperm DNA, reducing both fertility and pregnancy 
rates [19]. The ROS problem can be solved by adding anti-
oxidants, such as EGCG. The antioxidant activity of EGCG 
is polyphenol groups of catechin as chelating agents, whereas 
flavonoids could favor divesting its catalytic activity to the 
lipid bilayers membranes [20]. Epigallocatechin-3-gallate 
(EGCG) is considered the most promising bioactive com-
pound in green tea due to its potent antioxidant activity [21]. 
EGCG interacts with the estrogen receptor (ER) or other 
proteins and/or lipids receptors in the plasma membrane, 
acted on signaling pathways to induced cyclic adenosine 
monophosphate, adenosine monophosphate-activated pro-

tein kinase, calcium ion, and ferric iron. This mechanism 
followed by reduced lipid peroxidation, protein carbonyl-
ation, and DNA damage; restored glutathione peroxidase 
and glutathione S transferase activity [20]. EGCG also af-
fected the reduction of triglycerides content, induction of 
lipase, as well as the glucose-6-phosphate dehydrogenase 
activity, increased cholesterol efflux, and tyrosine phos-
phorylation. EGCG increased phosphorylation of proteins 
controlling cell survival such as B-cell lymphoma 2, serine/
threonine-protein kinase B (Akt), and a family of non-re-
ceptor tyrosine kinases (Src) [22], Furthermore, EGCG 
preventing chromosomal impairment, low-density lipid 
oxidation, spontaneous mutation, reduced ROS level and 
regulation of gene expression, will further affect increased 
sperm motility, viability and finally improved fertility [23]. 
In in vitro experiments, either GTE or EGCG improved 
sperm capacitation hallmarks, including tyrosine phos-
phorylation and cholesterol efflux through the ER pathway 
[24]. This was proven in boar sperm freezing with GTE sup-
plementation of extender, which can reduce the generation 
of ROS during freezing. The motility and viability of the GTE-
supplemented extended semen were higher; meanwhile, 
the ROS level was lower compared to the control group [16]. 
  During the thawing process, spermatozoa once again will 
undergo extreme changes in temperature and osmolarity 
that are marked by plasma membrane damage [25], including 
the membrane of the acrosomal cap. Acrosome disintegra-
tion and partial removal of the outer acrosomal membrane, 
with depletion of acrosomal content, are common altera-
tions attributed to physical freezing events. These defects are 
likely due to the formation of ice crystals during the freezing 
of extracellular fluids, causing the sub acrosomal region to 
expand. Alternatively, osmotic changes may damage the 
structure of the lipid membrane structure, causing tension 
changes in water canal proteins and ionic leakage in plasma 
membranes, with resultant morphological changes in the 
cytoplasmic organs and the structure of the mitochondria 
[26]. Therefore, thawing at 37°C could maintain an osmose 
balance, improve lipid configuration, and help maintain the 
condition of spermatozoa plasma membrane proteins. Mean-
while, adding GTE to extender can maintain the motility, 
viability, intactness of the plasma membrane, and DNA integ-
rity of the spermatozoa. In this study, the quality of post-
thawed Simmental bull semen on T1, T2, and T3 still met 
the national standard for AI, the viability and progressive 
motility of spermatozoa exceeded 40%, and DNA fragmen-
tation less than 5% [8]. That was why all of cows recipient 
inseminated using post-thawed semen diluted in GTE ad-
dition were pregnant. All doses of GTE in this study (T1, 
T2, and T3; semen diluted in SM-EY containing 0.05, 0.1, 
and 0.15 mg GTE/100 mL respectively) revealed a higher 
pregnancy rate (36/36; 100%) of recipient cows compared 
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to control group (10/12; 83.33%) (Table 3). Higher quality 
of post-thawed spermatozoa is vital for attaining a higher 
rate of conception. GTE preserves the plasma membrane 
from lipid phosphorylation [7]. Intact of plasma membrane 
of the acrosomal cap required for the acrosomal reaction. 
The release of several proteolytic enzymes from the acro-
some facilitates the digestion of the zona pellucida. It allows 
the genetic material of the sperm to enter the cytoplasm 
and fertilize the ovum. This conception extends the life of 
the corpus luteum via an interferon-τ exerting an anti-lu-
teolytic, ensuring that progesterone levels remain high to 
maintain the pregnancy and useful for early pregnancy di-
agnosis [27]. 
  Pregnancy diagnosis through transrectal palpation is used 
to confirm pregnancy from approximately day 30 of gesta-
tion [28]. The number of cows diagnosed as pregnant based 
on measurement of serum progesterone level was equal to 
the number of cows diagnosed as pregnant via transrectal 
palpation (Tables 3, 4). All the cows diagnosed pregnant based 
on progesterone levels were also diagnosed pregnant through 
transrectal palpation. It was indicated that there were no early 
embryonic deaths in cows in this study.
  In conclusion, the best quality of post-thawed Simmental 
bull semen diluted in SM-EY extender was obtained with 
the addition of a 0.1 mg dose of GTE per 100 mL extender, 
based on high sperm viability and motility, an intact plasma 
membrane, and low DNA fragmentation. The rate of preg-
nancy among recipient cows artificially inseminated using 
post-thawed semen extended in a diluter containing GTE 
was higher than was that in the control group.

CONFLICT OF INTEREST

We certify that there is no conflict of interest with any financial 
organization regarding the material discussed in the manu-
script.

ACKNOWLEDGMENTS

This study was supported by funding from the Directorate 
General of Higher Education (2019), The National Educa-
tion Ministry, Republic of Indonesia, Grant Number: 4/E1/
KP.PTNBH/2019. 

REFERENCES 

1.	Khan H, Khan M, Qureshi MS, et al. Effect of green tea extract 
(Camellia sinensis) on fertility indicators of post-thawed 
bull spermatozoa. Pak J Zool 2017;49:1243-9. http://dx.doi. 
org/10.17582/journal.pjz/2017.49.4.1243.1249

2.	Bansal AK, Bilaspuri GS. Impacts of oxidative stress and 
antioxidants on semen functions. Vet Med Int 2011;2011: 

686137. https://doi.org/10.4061/2011/686137
3.	Ugur MR, Saber Abdelrahman A, Evans HC, et al. Advances 

in cryopreservation of bull sperm. Front Vet Sci 2019;6:268. 
https://doi.org/10.3389/fvets.2019.00268

4.	Kumar A, Prasad JK, Srivastava N, Ghosh SK. Strategies to 
minimize various stress-related freeze-thaw damages during 
conventional cryopreservation of mammalian spermatozoa. 
Biopreserv Biobank 2019;17:603-12. https://doi.org/10.1089/ 
bio.2019.0037

5.	Allai L, Benmoula A, da Silva MM, Nasser B, El Amiri B. 
Supplementation of ram semen extender to improve seminal 
quality and fertility rate. Anim Reprod Sci 2018;192:6-17. 
https://doi.org/10.1016/j.anireprosci.2018.03.019

6.	Mehdipour M, Daghigh Kia H, Najafi A, Vaseghi Dodaran 
H, García-Álvarez O. Effect of green tea (Camellia sinensis) 
extract and pre-freezing equilibration time on the post-thawing 
quality of ram semen cryopreserved in a soybean lecithin-
based extender. Cryobiology 2016;73:297-303. https://doi. 
org/10.1016/j.cryobiol.2016.10.008

7.	Susilowati S, Sardjito T, Widodo OS, et al. Effect of green tea 
extract supplementation in the semen extender on post-thaw 
sperm quality of Simmental bulls. Philipp Vet Med 2018; 
55:127-34. 

8.	INSA (Indonesian National Standard Agency). Frozen semen 
– part 1: bovine bull. Jakarta, Indonesia: Indonesian National 
Standardized Agency; 2017. 

9.	Susilowati S, Triana IN, Wurlina W, Arimbi A, Srianto P, 
Mustofa I. Addition of L-arginine in skim milk extender 
maintains goat spermatozoa quality in chilled temperature 
for five days. Vet World 2019;12:1784-9. https://doi.org/10. 
14202/vetworld.2019.1784-1789

10.	Ramu S, Jeyendran RS. The hypo-osmotic swelling test for 
evaluation of sperm membrane integrity. Methods Mol Biol 
2013;927;21-5. https://doi.org/10.1007/978-1-62703-038-0_3

11.	Dwinofanto H, Rimayanti R, Mustofa E, Susilowati S, Herna
wati T. The effect of duration of preservation on the quality, 
MDA level, and DNA damage of post-thawed Bali cattle 
bull sperm. Iraqi J Vet Sci 2018;32:249-52. https://doi.org/ 
10.33899/ijvs.2019.153857

12.	Islam R. Synchronization of estrus in cattle: a review. Vet 
World 2011;4:136-41. https://doi.org/10.5455/vetworld. 
2011.136-141

13.	Isnaini N, Wahjuningsih S, Adhitama E. Seasonal effects on 
semen quality of Ongole crossbred and Simmental bulls used 
for artificial insemination. Livest Res Rural Dev 2019;31:16. 

14.	Demir E, Serdar G, Sökmen M. Comparison of some extrac
tion methods for isolation of catechins and caffeine from 
Turkish green tea. Int J Second Metab 2015;2:16-25. https://
doi.org/10.21448/ijsm.240702

15.	Tsai YJ, Chen BH. Preparation of catechin extracts and nano
emulsions from green tea leaf waste and their inhibition 
effect on prostate cancer cell PC-3. Int J Nanomed 2016; 



204  www.animbiosci.org

Susilowati et al (2021) Anim Biosci 34:198-204

11:1907-26. https://doi.org/10.2147/IJN.S103759
16.	Park SH, Yu IJ. Effect of antioxidant supplementation in 

freezing extender on porcine sperm viability, motility and 
reactive oxygen species. J Embryo Transfer 2017;32:9-15. 
https://doi.org/10.12750/JET.2017.32.1.9 

17.	Pereira R, Sá R, Barros A, Sousa M. Major regulatory mechan
isms involved in sperm motility. Asian J Androl 2017;19:5-
14. https://doi.org/10.4103/1008-682X.167716

18.	Priyanto L, Budiyanto A, Kusumawati A, Kurniasih K. Damage 
to deoxyribonucleic acid (DNA) spermatozoa affecting the 
level of pregnancy in Brahman cattle. J Vet 2019;20:119-24. 
http://dx.doi.org/10.19087/jveteriner.2019.20.1.119

19.	Dutta S, Majzoub A, Agarwal A. Oxidative stress and sperm 
function: a systematic review on evaluation and management. 
Arab J Urol 2019;17:87-97. https://doi.org/10.1080/2090598X. 
2019.1599624

20.	Roychoudhury S, Agarwal A, Virk G, Cho CL. Potential role 
of green tea catechins in the management of oxidative stress-
associated infertility. Reprod Biomed Online 2017;34:487-
98. https://doi.org/10.1016/j.rbmo.2017.02.006

21.	Silva ECB, Arruda LCP, Vieira JIT, Soares PC, Guerra MMP. 
(+)-Catechin and (-)-epigallocatechin gallate: are these pro
mising antioxidant therapies for frozen goat semen? Arq Bras 
Med Vet Zootec 2019;71:521-8. https://doi.org/10.1590/1678- 
4162-10539

22.	De Amicis F, Santoro M, Guido C, Russo A, Aquila S. Epi
gallocatechin gallate affects survival and metabolism of human 

sperm. Mol Nutr Food Res 2012;56:1655-64. https://doi.org/ 
10.1002/mnfr.201200190

23.	Rahman SU, Huang Y, Zhu L, et al. Therapeutic role of green 
tea polyphenols in improving fertility: a review. Nutrients 
2018;10:834. https://doi.org/10.3390/nu10070834

24.	Martin-Hidalgo D, Bragado MJ, Batista AR, Oliveira PF, 
Alves MG. Antioxidants and male fertility: from molecular 
studies to clinical evidence. Antioxidants 2019;8:89. https:// 
doi.org/10.3390/antiox8040089

25.	Gürler H, Malama E, Heppelmann M, et al. Effects of cryo
preservation on sperm viability, synthesis of reactive oxygen 
species, and DNA damage of bovine sperm. Theriogenology 
2016;86:562-71. https://doi.org/10.1016/j.theriogenology. 
2016.02.007

26.	Hezavehei M, Sharafi M, Kouchesfahani HM, et al. Sperm 
cryopreservation: a review on current molecular cryobiology 
and advanced approaches. Reprod Biomed Online 2018;37: 
327-39. https://doi.org/10.1016/j.rbmo.2018.05.012

27.	Simintiras CA, Forde N. Understanding the uterine environ
ment in early pregnancy in cattle: how have the omics en
hanced our knowledge? Anim Reprod 2017;14:538-46. https:// 
doi.org/10.21451/1984-3143-AR997

28.	Balhara AK, Gupta M, Singh S, Mohanty AK, Singh I. Early 
pregnancy diagnosis in bovines: current status and future 
directions. Sci World J 2013;2013:958540. https://doi.org/10. 
1155/2013/958540


