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ABSTRACT

The aim of this research was to evaluate the Bali cattle semen quality during cryopreservation with different types of
extenders in term of live, total motility, progressive matility, and abnormality of post-thawed bull sperms. The
treatments were AndroMed® (TO), Tris-based egg yolk diluent (T1), Tris-based coconut water diluent (T2), Coconut
water egg yolk diluent (T3). Bulls’ semen was collected from two adult Bali cattle maintained at the semen production
facility at Bali Artificial Insemination Center, Tabanan Bali. The age of the bulls were 6 years old. Sperm live, total
motility, progressive motility, and abnormality were analyzed with computer assisted sperm analysis (CASA) post-
dilution, before and after thawed. The study was replicated five times, and data were analyzed using analysis of
variance (ANOVA). The results showed that AndroMed ® and Tris-based egg yolk had significantly higher sperm
live, total motility, progressive motility and abnormalities of spermatozoa for post-dilution, after equilibration and
post thawed than Tris egg yolk coconut water and Coconut water egg yolk diluent. It was concluded that AndroMed®
and Tris-based egg yolk can be considered as the best suitable extender for Bali cattle sperm cryopreservation.

Coconut water had a deleterious effect when supplemented with 20% in tris and egg yolk.
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INTRODUCTION

With the inability of national meat production to
meet the demand for beef in Indonesia, the government
necessitating imports of live cattle from abroad. Of
course, this is an indication that beef production is still
not on target. Hence, the Indonesian government
introducing special program to increase the population
and livestock production for meat self-sufficiency. In
2017, the government launched a program to increase
the population through the artificial insemination
program called 'Sapi Indukan Wajib Bunting (UPSUS
SIWAB). This program was a special effort to
accelerate the increased population of pregnant with
artificial insemination (Al). In 2020, the government
launched the SIKOMANDAN (Buffalo Cattle
Commodity Mainstay of the Country) program. With
this program, productive cows and buffalo are ensured
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to be mated, either through artificial insemination or
natural mating.

Artificial Insemination is one assisted reproduction
technology in which sperm are collected from the superior
bull, processed, preserved, and artificially placed into the
female reproductive tract at the proper time for purpose of
conception (Patel et al. 2017). The success rate of
artificial insemination may be influenced by several
factors, such as the profile of the technicians and the
practices used (Ybanez et al. 2017), the quality of frozen
semen (Haris et al. 2020), and cattle recipient.

Frozen semen quality is one of factor that affect the
success rate of artificial insemination. The physical
properties and biochemical properties of semen were
affected by different steps of freezing (Hussain et al.
2016). The frozen semen quality affected by the type and
composition of extenders used, the semen production
process, the implementation of artificial insemination,
temperature and the length of storage.
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The extender has a very vital role in the post-thaw
fertility of semen (Rehman et al. 2013). Semen extender
is used for providing nutrients, protection of sperm cells
against various shocks during processing, cooling buffer,
protecting sperm from bacteria. The extenders contain an
ingredient that maintains osmosis pressure, electrolyte
balance, the supply of food and energy sources, providers
of a buffer and inhibits microbial growth. Various semen
components that combine in a perfect medium are needed
to make semen retain its natural properties and can
prolong life from the initial process to the freezing and
post-thawing processes (Chung et al. 2019). For this
purpose, there is need of good quality semen extenders
which plays an indispensable role in improving the quality
of post-thawing semen in terms of sperm motility,
viability, plasma membrane and damage at the DNA level
(Raheja et al. 2018).

Recently, many of semen extenders are developed
and practiced all over the world for semen freezing
purposes. Some known extenders used animal protein
egg-yolk and plant protein source containing extenders. In
bovine, most extenders contain 20% of egg yolk or a
substitute of the same in composition. Egg yolk is a basic
ingredient for the use of bovine semen extender. Egg yolk
provides an excellent protection sperm against initial cold
shock. However, egg yolk has biosecurity risks (Anzar et
al. 2019). The semen diluents with egg yolk substitutes,
being recently available for freezing bull semen and were
successfully tested to improve cryopreserved bull semen
quality characteristics while eliminating the above-
mentioned egg yolk component disadvantages. The plant
protein source-based extender is developed recently with
more benefits i.e., free of transboundary diseases and
good conception rate (Raheja et al. 2018). Previous
studies performed by El-Sheshtawy et al. (2017), Puja et
al. (2018) and Baldaniya et al. (2020) showed that coconut
water-based extenders can be efficiently used as
alternatives to the removal of animal-based extenders in
frozen semen.

In Bali cattle, no information on the cryo-survival of
spermatozoa during cryopreservation with coconut water
extender. Therefore, the objective of this research was to
assess the effect of semen extenders containing coconut
water with Tris or combined with egg yolk on the viability
of spermatozoa.

MATERIALS AND METHODS
Semen Collection

Semen from two Bali cattle bulls 6-7 years old and
clinically normal were used in this study. Semen was
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collected by artificial vagina once a week. Semen
ejaculates were incubated in a 37°C water bath and
initially evaluated for sperm motility, progressive motility
and concentration. Semen volume was determined by a
graded collection tube, concentration was calculated with
a photometer (Minitube GmbH, Tiefenbach, Germany).
All procedures were carried out by the approval of the
Animal Care Committee of the Faculty of Veterinary
Medicine, Udayana University, Bali Indonesia.

Assessment of Sperm Motility

Progressive motility and motility were determined by
a computer-assisted sperm analyzer (CASA; IMV,
France). The samples with more than 80% progressive
motility and 80% morphologically normal spermatozoa
were included in the study. For each assessment, six
different fields were analyzed under the microscope.

Semen Extender

This experiment was designed to assess if treatment
of bull sperm with a tender coconut-based extender can be
use during cryopreservation of Bali cattle semen. Four
different extenders were wused in this study: (1)
Commercial extender AndroMed ® (T0), Tris-based egg
yolk diluent (T1), Tris-based coconut water diluent (T2),
Coconut water egg yolk diluent (T3) (Table 1).

Preparation of Coconut Water

Coconut water (CW) was collected on the day of the
experiment from tender, green, healthy, and undamaged
coconut fruits. The coconut water collected from coconut
fruits was first filtered through Whatman filter paper no.
4. Then, it was centrifuged at least for 5 minutes at 3000
rpm in a centrifuge machine and the supernatant from
each tube was obtained carefully in a sterile glass bottle.

Research Design

Experimental design used in this study was an
experiment in a completely randomized factorial design
with 4 factors. The first factor was AndroMed® (T0),
Tris-based egg yolk diluent (T1), Tris-based coconut
water diluent (T2), and Coconut water egg yolk diluent
(T3). The second factor was the time of processing which
consisted of 3 treatments, including after dilution (T3),
before freezing, and after freezing. Split ejaculates were
prepared and extended separately with each extender, so
that, both extenders were represented in each ejaculate
from each bull. The extension rate was determined based
on ejaculate volume, sperm progressive motility, sperm
concentration/ml, and the packaging-unit capacity (0.25ml
straws). Calculations were made, so that, each insemination

Table 1: Composition of extenders used for cryopreservation of Bali cattle bull semen

Tris-based egg

Tris-based coconut

Coconut water AndroMed®

yolk diluent water diluent egg yolk diluent
Fructose 19 19
Tris 3.025¢g 3.025¢g
Egg Yolk 20% - 20%
Citrate acid 1.675¢g 1.675¢ Phospholipids TRIS, Citric acid, Antioxidants,
Coconut water 20% 80% Buffers, Glycerol, purest Water, Gentamycin,
Penicillin 50.0001U 50.0001U 50.0001U Tylosin, Spectinomycin, and Lincomycine
Streptomycin Img/ml 1mg/mli Img/mi
Ultrapure water ~ Add until 200 ml 1mg/ml Img/mi
pH 6.8 6.8 6.8
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dose contained 20x108 motile spermatozoa/ straw before
freezing. The semen samples were cooled (4°C) and
equilibrated for 4h. Finally, the straws being exposed to
the liquid nitrogen for the final freeze. For post-thaw
evaluation, frozen straws were thawed in a water bath at
37°C for 30 seconds.

RESULTS

Characteristics of Fresh Semen

The semen volume of bull with a mean value of 6.44
ml. The color showed variation from milky (1) to creamy
grainy (3). The mean semen concentration was 1.242
billion sperm cells per ml. The mean of total motility
showed 86.20%. The pH was 6.52+0.00. The mean of
progressive motility was 76%. The live percentage
observed for sperm cells was 91.20%. The observation
results for primary abnormality in sperm cells was 0.86%
(Table 2).

Semen Quality During Cryopreservation

The average sperm live in four types of extender at
post-dilution, pre- and post- freezing were 88.86, 76.24
and 63.25, respectively, for TO (AndroMed®). It is
followed by Tris-based egg yolk diluent (T1), with a rate
of 84.12, 80.06, and 70.43, in Tris-based coconut water
diluent (T2) rate of 87.25, 69.22, and 58.68. Then in
Coconut water egg yolk diluent (T3) rates of 85.76, 73.04,
and 59.17, respectively. The sperm live in TO, T1, T2, and
T3, declined after the semen was added with extenders.
Among the four extenders used, Tris-based egg yolk
diluent (T1) exhibited a little effect on the decrease than
those other extenders (Table 3). The type of diluents
effect on live percentage was significant (P<0.05). Tris-
based egg yolk diluent were the type of diluent that had
the lowest reduction.

The type of diluent affected the total motility of
semen significantly (P<0.05). The total motility of semen
in four types of extender at post-dilution, pre- and post-
freezing was 83.83, 75.97 and 62.02, respectively, for TO
(AndroMed®). The total motility of semen in Tris-based
egg yolk diluent (T1), at post-dilution, pre- and post- post
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freezing were 82.84, 78.39, and 62.29, respectively. In
Tris-based coconut water diluent (T2) at post-dilution,
pre- and post- freezing were 82.22, 66.42, and 50.17,
respectively. Total spermatozoa motility in Coconut water
egg yolk diluent (T3) at post-dilution, pre- and post-
freezing were 82.68, 68.50, and 51.73, respectively.
Among the four diluents, it showed that Tris-based egg
yolk diluent (T1) had little effect on decreasing the total
motility of semen (Table 4).

The progressive sperm motility was significantly
(P<0.05) affected by the type of extenders. A significant
decrease (P<0.05) in the percentage of progressive
motility in four types of extenders. The progressive
motility of semen in four types of extender at post-
dilution, pre- and post-freezing was 72.02, 67.82 and
54.26, respectively, for TO (AndroMed®). The
progressive motility of sperm in Tris-based egg yolk
diluent (T1), at post-dilution, pre- and post- freezing were
71.77, 66.77 and 54.86, respectively. Tris-based coconut
water diluent (T2) at post-dilution, pre- and post- freezing
were 64.12, 41.11, and 29.99, respectively. The
progressive motility of sperm in Coconut water egg yolk
diluent (T3) at post-dilution, pre- and post- freezing was
71.53, 39.85, and 31.25, respectively. Among the four
diluents, it showed that Tris-based egg yolk diluent (T1)
and AndroMed® (T0) had the least effect on the decrease
in the percentage of progressive motility of sperm (Table
5). There was a nonsignificant (P>0.05) decrease in
percentage of progressive motility sperms in TO
(AndroMed®) when compared with T1 (Tris-based egg
yolk diluent (T1).

The abnormality parameter observed in this study
was only the abnormalities in the tail of spermatozoa.
The type of extenders affected the abnormalities of
semen significantly (P<0.05). The sperm abnormalities
mean values were higher in Tris-based coconut water
diluent (T2) and Tris-based coconut water diluent (T2)
(Table 5). In both extenders, the sperm abnormalities
mean value was more than 20%. There were non-
significant (P>0.05) sperm abnormalities in TO
(AndroMed®) extenders when compared with T1 (Tris-
based egg yolk diluent).

Table 2: Effect of different extender and storage duration on a live percentage (%)

Groups Post Dilution Pre-Freezing Post-Freezing
AndroMed® (TO) 88.86+0.92 76.24+0.41 63.25+0.28
Tris-based egg yolk diluent (T1) 84.12+0.17 80.06+0.26 70.43+0.49
Tris-based coconut water diluent (T2) 87.25+0.26 69.22+0.36 58.68+0.44
Coconut water egg yolk diluent (T3) 85.76+0.71 73.04+0.55 59.17+0.45

Table 3: Effect of different extender and storage duration on total motility (%)

Groups Post Dilution Pre-Freezing Post Freezing
AndroMed® (TO) 83.83+0.17 75.97+0.58 62.02+0.72
Tris-based egg yolk diluent (T1) 82.84+0.97 78.39+0.48 62.29+0.65
Tris-based coconut water diluent (T2) 82.22+0.47 66.42+0.61 50.17+0.17
Coconut water egg yolk diluent (T3) 82.68+0.68 68.50+0.46 51.73+ 1.0

Table 4: Effect of different extender and storage duration on progressive sperm motility (%)

Groups Post Dilution Pre-Freezing Post Freezing
AndroMed® (TO) 72.02+0.64 67.82+0.49 54.26+0.44
Tris-based egg yolk diluent (T1) 71.77£1.47 66.77+£1.07 54.86+0.59
Tris-based coconut water diluent (T2) 64.12+0.37 41.1140.72 29.99+0.37
Tris-based coconut water diluent (T2) 71.53+1.14 39.85+0.85 31.25+0.82
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Table 5: Effect of different extender and storage duration on abnormality (%)

Groups Post Dilution Pre-Freezing Post Freezing
AndroMed® (TO) 0.86+0.08 0.86+0.05 0.90+0.07
Tris-based egg yolk diluent (T1) 0.88+0.04 0.92+0.04 0.92+0.04
Tris-based coconut water diluent (T2) 13.39+0.56 16.04+0.37 20.80+0.70
Coconut water egg yolk diluent (T3) 14.83+0.66 17.04+0.45 21.34+0.45

DISCUSSION

Characteristics of Fresh Semen

The results of the evaluation of fresh semen
parameters such as volume, concentration, total motility,
viability, and primary abnormalities and pH were showed
corresponding characteristics to most of Bali cattle bull
semen quality in general. The average volume of semen in
this study was higher than the average volume of semen
for Balinese cows in Lampung (Savitri et al. 2014) and
Balinese cattle raised in BIB Singosari (Prastowo et al.
2018). The nature of semen is influenced by the age of the
male. Age has a significant effect on the volume of
ejaculate and percentage of motile spermatozoa. The
variation in volume in Bali cattle is probably due to the
age of the cows for which semen is collected (Argiris et
al. 2018) as well as by the climate during harvest
(D'Andre et al. 2018).

The sperm concentration of Bali cattle in this study is
slightly different from the results of observations of
Balinese cattle in Singosari, which have semen
concentrations of 1128. 77x10° spermatozoa per ml
(Prastowo et al. 2019) and 1044. 178x10° spermatozoa per
ml (Novianti et al. 2020). Sperm concentration is
influenced by the age of the bulls (Nirwana and Suparman
2017; Bayu et al. 2020) and the spermatozoa progressive
motility in this study was 75%.

The Progressive semen motility in this study was
higher than Bali cattle raised in Nusa Tenggara Timur
with an individual movement average of 70% (MataHine
et al. 2014) and Balinese cattle raised in Sulawesi
(Nirwana and Suparman 2017). This difference in
progressive motility is caused by the age of different
males (Bayu et al. 2019).

The primary abnormality in the form of tail
abnormalities observed in fresh semen from Bali cows
was 0.86%. Observations of primary abnormalities in
these spermatozoa are very low. The percentage of
spermatozoa that have primary abnormalities ranges from
0-2.86% (Prastowo et al. 2018). The primary abnormality
most commonly found in cattle was simple bent tails with
an average of 4.42%. Primary abnormalities are
influenced by male age (Sitali et al. 2017).

Semen Quality During Cryopreservation

Semen cryopreservation is principally used to store
sperm, which is very important in cattle production.
Although semen freezing technology in cattle is very
developed compared to other species, it appears that there
are still gaps in knowledge and technology related to
semen quality after freezing (Ugur et al. 2019). In this
study, four types of extenders were compared whose
composition acts as a buffer, an energy source, and a
cryoprotectant. All ingredients in these extenders are
designed to protect by providing an optimal environment
for spermatozoa.
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AndroMed® diluent is a commercial diluent that
contains lipoproteins derived from soybeans. Diluents
containing coconut water can provide the physical and
chemical needs of spermatozoa so that they can maintain
the fertility and viability of spermatozoa (El-Sheshtawy et
al. 2017).

In this study, the sperm viability in four types of
diluent showed gradually decreased over the freezing
process. The four types of diluents are quite effective in
maintaining sperm viability against cold stress and in the
freezing process. Egg yolk Tris Citrate diluent showed the
best results. The percentage of sperm viability in this
diluent was 70%, slightly higher than AndroMed®
diluent. The percentage of sperm viability of Bali cattle in
this study was higher than the sperm viability in
Simmental cattle (45.17%) (Yendraliza et al. 2019). This
difference in viability was due to the difference in diluent
composition. The lipoprotein content of Tris citrate
diluent in egg yolk and lipoprotein from soybeans in
AndroMed® diluent are effective components in
maintaining viability during the fast-cooling process.

The total sperm motility of Bali cattle in the four
diluents after freezing still showed good quality. The
percentage of total sperm motility in the four diluents in
this study ranged from 58-62%. This showed that the
diluent composition is quite effective in maintaining the
total sperm motility of Bali cattle.

This study was found a significant effect of extender
on progressive sperm motility. The results of this study
showed that AndroMed® diluent and Tris citrate yolk was
an optimal role in maintaining sperm motility. These
diluents can maintain the progressive sperm motility
above the SNI (National Standard of Indonesia, 2017)
standard. According to SNI. 4869-1-2017, the quality of
cattle semen after undergoing the freezing process must
contain at least 40% live and motile spermatozoa. These
results indicated that the progressive sperm motility in this
study following the provisions of SNI. 4869-1-2017
(BSN. SNI. 4869-1-2017) and this agreed with the
findings of Kalonji et al. (2017) egg yolk-based diluent is
a good diluent for maintaining spermatozoa motility
compared to coconut water. Also, this study agreed with
the findings of Ghareeb et al. (2017) that stated
AndroMed ® can be considered as the best suitable
extender for bull sperm cryopreservation. An increase in
the progressive sperm motility in this study was suspected
by the composition of the extender with fructose as a
source of energy to maintain the viability of spermatozoa
during cryopreservation also egg yolk as an extracellular
cryoprotectant which protects the motility of sperm
(Bencharif et al. 2010).

In this study, the tris coconut water extenders and egg
yolk coconut water showed that the progressive sperm
motility below the eligibility standard of SNI. The
incidence of tail abnormalities was higher in these
extenders. The less progressive sperm motility in this



study was due to the large number of spermatozoa having
abnormalities in the tail. Sperm motility is generated
through activation of the spermatozoa flagella, whose core
structure, axoneme, resembles vibrating cilia. Also, the
axonemal structure requires a variety of accessory
structures to support the integrity of the spermatozoa tail
(Lehti and Sironen 2017). These abnormalities in the tail
may be associated with higher supplemented coconut
water in extenders. The motility degeneration rate was
observed in extenders supplemented with 20% coconut
water in tris egg yolk citrate extender. This was due to the
harmful effect of coconut water in tris egg yolk citrate
extender when supplemented at a higher concentration
(Baldaniya et al. 2020).

Conclusion

It was concluded that the highest progressive sperm
motility was found in AndroMed ® and Tris amino
methane egg yolk was further maintained above 40% and
following the provisions of SNI. 4869-1-2017.
AndroMed® and Tris amino methane egg yolk can be
considered as the best suitable extender for Bali cattle
sperm cryopreservation. Coconut water had a deleterious
effect as an additive when supplemented with 20% in tris
and egg yolk.
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