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ABSTRACT

Spermatozoa sexing requires a diluent that can protect and provide an optimal envi-
ronment to maintain the quality of spermatozoa. This study targets to determine the
effectiveness of adding sucrose to tris-egg yolk diluent on the sperm quality of the
swamp buffaloes produced by sexing with the egg albumin method. Semen was col-
lected once a week for 12 consecutive weeks with an artificial vagina from three
male buffaloes at the Indonesian Center for Animal Research and Development
(ICARD) in April - June 2021. Semen was separated by sedimentation using 10%
and 30% egg albumins. Semen from sexing was divided into four diluent treatments,
namely 20% tris-egg yolk (TEY), TEY+0% sucrose, TEY+0.2% sucrose,
TEY+0.3% sucrose, and TEY+0.4% sucrose. Parameters measured included: motil-
ity, viability, intact plasm membrane, and intact acrosome cap of buffalo sperm. The
results showed the motility of X sperm: 43.75-47.5%, Y sperm: 40-45%, the viabil-
ity of X sperm: 78.25-79.75% and Y sperm: 77.25-79.75%, intact plasm membrane
of X sperm: 70.5-71.5% and Y sperm: 70.5-71%, and viable acrosome-intact for X
sperm: 79-80% and Y sperm: 78.75-79.5%. The addition of sucrose up to 0.4% into
tris-egg yolk diluent was proven can maintain motility, viability, and integrity of cell
membrane and acrosome of spermatozoa of water buffalo that was sexed with egg
albumin.

Keywords: Acrosome, Intact membrane plasm, Motility, Sexing, Spermatozoa,
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Introduction

Buffalo is one of the ruminants that become a

motility of spermatozoa X and Y as an implication

source of meat, where buffalo contribute 8% of the
protein needs of the Indonesian people. The total
increase in the buffalo population in Indonesia
from 2018 to 2020 was only 1.9% [1]. It was due
to the reduced number of males as the effect of the
large number of males used on religious holidays
and community customs [2]. The use of artificial
insemination technology with sperm sexing is one
solution to overcome the shortage of males [3].
The sexing process with sedimentation (albu-
min column) has been carried out on dairy cows
[4], Sumba cattle [5], and buffalos [6]. The albu-
min column is based on the difference in the
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of differences in mass and size, in which Y sper-
matozoa move faster or have high penetration [7].
One of the weaknesses of buffalo sperm is its sen-
sitivity to changes in temperature and physical
treatment due to the specific phospholipid compo-
sition [8]. Holt [9] stated that the causes of the low
quality of buffalo sperm are the type of diluent, the
condition of the spermatozoa, and the cryoprotect-
ant used. The use of carbohydrates in semen dilu-
ents, apart from being a source of energy, also
functions as a cryoprotectant [7]. Bearden &
Fuquay [10] added that tris egg-yolk can maintain
sperm viability as egg yolk contains low-density
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protein that can replace damaged and carbohy-
drates of the disaccharide group are able to protect
the plasm membrane of sperm by binding to water
molecules in the medium so as to prevent nuclea-
tion and the formation of ice crystals when there is
a change in temperature [11]. The centrifugation
during the sexing process makes sperm require
greater energy to survive. One of the possible
measures to maintain the quality of sexing buffalo
spermatozoa is by adding sugar (carbohydrates) to
the diluent solution. Fructose is a monosaccharide
carbohydrate commonly added to semen diluents
of various livestock as it is easily converted into
energy [12]. Sucrose is a disaccharide composed
of one molecule each of glucose and fructose. So,
it is expected that the addition of sucrose in the se-
men diluent will produce twice as much energy as
glucose and fructose because it has more C, H and
O elements. Sucrose has been shown to improve
the quality of frozen semen in cattle [13]. Rizal et
al. [14] showed that the addition of sucrose to the
Andromed® diluent could improve the quality of
the striped buffalo epididymal spermatozoa after
thawing. Moreover, the addition of 0.3% sucrose
into tris-egg yolk diluent can maintain the quality
of Garut sheep spermatozoa during storage at 5°C
[15].

This study aimed to determine the right con-
centrations of sucrose in tris-egg yolk diluent to
maintain the quality of the sexing spermatozoa of
buffalo. Improving the quality of spermatozoa af-
ter separation is expected to increase the success
of pregnancy in various reproductive technolo-
gies, such as Artificial Insemination (AI).

Material and Methods
Semen collection

This research has been approved by the ethics
committee of the Faculty of Agriculture and

Animal Science, State Islamic University of Sul-
tan Syarif Kasim Riau No: KE/KEP-
FPP/04/04/2021. The semen used in this study
came from three bulls swamp buffalo aged be-
tween 7 and 10 years which were kept Indonesian
Center for Animal Research and Development
(ICARD), Ciawi, Bogor, West Java. Buffaloes
were kept according to the management at the
ICARD and placed in individual cages. They were
fed with 45 kg/day/head of elephant grass and 5
kg/day/head of concentrated feed while drinking
water was provided ad-libitum.

Semen was collected once a week for 12 con-
secutive weeks at 8 AM using an artificial vagina
(IVM, France) at 42°C. The quality of fresh semen
was evaluated. The semen that was further pro-
cessed was those that had motility of >65%, ab-
normalities of <15% [8] and intact plasm mem-
brane percentage of >65% [16].

Separation medium preparation

The material used for sexing was egg white
(albumin). Albumin was dissolved in tris-buffer
solution. 2 mL of 30% albumin was used as the
lower fraction, added into a separator tube with a
diameter of 1.8 cm and a volume of 10 mL, fol-
lowed by adding 2 mL of 10% albumin as the up-
per fraction.

Diluent preparation

A 3.049 g Trisaminomethane, 1.7 g citric acid,
1.25 g fructose, sucrose (Table 1), and antibiotics
(penicillin 0.1 g and streptomycin 0.1 g) were put
into an Erlenmeyer and homogenized with 80 mL
double-distilled water. Before being used, 20%
egg yolk was added to the diluent.

Spermatozoa separation and dilution
The evaluated semen was diluted in the tris-

Table 1. Composition of 100 ml tris-egg yolk diluent with different levels of sucrose
Ingredient Sucrose
0% 0.2% 0.3% 0.4%

Tris-aminomethane (g) 3.049 3.049 3.049 3.049
Fructose (g) 1.25 1.25 1.25 1.25
Citric acid (g) 1.7 1.7 1.7 1.7
Egg yolk (mL) 20 20 20 20
Penicillin (g) 0.1 0.1 0.1 0.1
Streptomycin (g) 0.1 0.1 0.1 0.1
Sucrose (g) - 0.318 0.477 0.636
Distilled water (mL) 80 80 80 80
Total (mL) 100 100 100 100
Source: Modification of ICARD standard for diluent composition
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egg yolk (control). Diluted semen (1 mL) was put
in a syringe containing the separation medium and
left for 45 minutes at room temperature [17]. The
lower and upper fractions (2 mL for each) were
then mixed with diluent (1 mL) in separated cen-
trifuge tubes. Next, 1 mL of the middle fraction
was discarded. Each fraction was centrifuged for
5 minutes at 1500 rpm. The supernatant was dis-
carded to obtain clean spermatozoa precipitate
from the separating medium. The precipitate was
added with 0.5 ml of diluent and stored in a vessel
filled with water at 30-33 C. Spermatozoa were
then diluted with a diluent to obtain a concentra-
tion of 50-100 million sperm/ml.

Determine the percentage of sperm motility
Semen (20 pL) was dripped on top of the
glass slide with a micropipette, covered with a
cover glass, and observed in five fields of view un-
der a microscope with 400x magnification and
equipped with a heating table (37 °C). Sperm mo-
tility was assessed with the following formula:

Y. moving sperms
Ytotal sperms

X 100%

Determine the percentage of live spermatozoa

One drop of fresh semen was mixed with one
drop of eosin-nigrosin on a slide glass and
smeared with cover glass [18]. The smear was ob-
served under a microscope with a magnification of
400x. Spermatozoa that absorb colour mean that
the spermatozoa are dead, while those that do not
absorb colour are alive. The percentage of live
sperm was measured as follow:

Y live sperms % 100%
Y'total sperms °

Determine the percentage of intact plasm mem-
brane

Assessment of the plasm membrane integrity
of spermatozoa was using the Hypoosmotic Swell-
ing Test (HOS-Test). The HOS-Test solution con-
sisted of a mixture of solutions A (1.35 fructose +
50 ml distilled water) and B (0.735 sodium citrate
+ 50 ml distilled water) (IRTAP, 2021). Semen (20
L) was added with 80 pL. of HOS-Test solution
and left for 30 minutes in a water bath (37 C) [19];
[2]. After incubation, 10 pL. of semen mixture was
observed under a microscope with 400% magnifi-
cation. Straight tails characterized Spermatozoa

with damaged plasm membranes, whereas the in-
tact plasm membranes were noticed by circular or
bulging tails. The percentage was then measured
as follows:

> sperms with intact plasma membranes
x 100%

Ytotal sperms

Determine the percentage of intact acrosome
The semen was mixed with formal saline so-
lution (physiological NaCl + 1% formalin) in a ra-
tio of 1:5 into an Eppendorf tube, left to rest for a
while, and examined with a phase-contrast micro-
scope using a 400x magnification to count a min-
imum of 200 spermatozoa [20]. The intact acro-
some was marked with black colour on the head of
the sperm. The percentage was assessed as follow:

3 sperms with intact acrosome

x 1009
Ytotal sperms %

Data Analysis

The data obtained were analyzed using a ran-
domized block design and regression analysis to
examine the effect of adding sucrose on the sexing
sperm quality of buffalo. The data was processed
using SAS version 9.0.

Results and Discussion
Characteristics of the fresh semen of water buf-
falo

The characteristics of the fresh semen ob-
served in this study are presented in Table 2. The
volume of collected semen in this study was 1.63
ml, in line with Sianturi et al. [21], who stated the
semen volume of buffalo ranged from 1.44 to 1.76
ml. However, several studies had contradictions to
this result. Yendraliza et al. [2] found that the ejac-
ulated semen of buffalo has a lower volume (0.9
mL), while Herbowo et al. [22] and Ghodasara et
al. [23] reported higher results of 2.25 mL and
5.11 mL, respectively. The difference in the semen
volume is caused by environmental factors, sea-
son, age of livestock, and feeds [24]. The motility,
viability, intact plasm membrane, and intact acro-
some of fresh semen in this study have met the cri-
teria to be further diluted. This is following the
standard for fresh semen of Indonesian buffalo,
which is 50-70% [25]. The color of the semen ob-
tained was milky to creamy white. Jainudeen &
Hafez [26] stated that the semen of buffalo is
cream, creamy white, or milky white.

The consistency of semen in this study was
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Table 2. Characteristics of fresh buffalo semen
Characteristic Value
Volume (ml/ejakulation) 1.6 £0.15
Color Milky white-Creamy white
Consistency Moderate
Odor Specific smell of semen
Concentration (x 10® sperm/mL) 1360 +5.22
Mass movement ++ - +++
Motility (%) 72.5+2.88
Viability (%) 83.75+ 2.62
Intact plasm membrane (%) 76.75 £ 0.95
Intact acrosome (%) 84.25+1.70

Table 3. Spermatozoa concentraton (10° spermatozoa/ml) after separation process (sexing)

Stage

Concentration (million/mL)

Upper fraction (X sperm)
Lower fraction (Y sperm)

220+ 2.94
87.5+£2.5

moderate or rather thick, as Ghodasara et al. [23]
found in their research. Consistency correlates
with sperm concentration [8]. The concentration
of buffalo sperm in this study was 360 x 10° sper-
matozoa/mL with a mass movement of ++ - +++,
The semen motility observed in this study was
higher than that of the Murrah buffalo (66.3%)
[27]. The viability and intact plasm membrane of
fresh semen of water buffalo differed from the
swamp buffalo reported by Eriani et al. [28]. Like-
wise, the acrosome of the water buffalo was higher
than that of the Egyptian buffalo [29]. Differences
in ejaculatory characteristics from previous re-
search may be influenced by several factors, in-
cluding animal type, age, health condition, season,
collection experience, collection frequency, and
ejaculation treatment and management [30]; [31].

Sexing quality of water buffalo semen

The concentration of spermatozoa after sepa-
ration using albumin was divided into two, that
was upper and lower fractions. The higher the al-
bumin concentration in the lower layer, the
smaller the spermatozoa concentration (Table 3).

Motility

The average motility of separated spermatozoa
decreased compared to the motility of fresh se-
men. This decrease is due to the spermatozoa pass-
ing through the separation process that requires
large energy to maintain physiological conditions
[31]. The addition of 0.4% sucrose in tris-egg yolk
diluent produced the best motility value compared
to 0.2% and 0.3% sucrose for both X and Y sper-
matozoa. However, the motility of X sperm was

lower than Y sperm, as the Y sperm in the lower
fraction moved further to penetrate the albumin
layer and expend more energy. Y spermatozoa
have a high penetration power to penetrate solu-
tions, such as egg albumin [32]. Based on SNI
[33], the sexing semen from this study is suitable
for Artificial Insemination (AI) as it shows mini-
mum spermatozoa motility of 40%.

Based on Figure 1, it can be seen that addition
of sucrose increased the sperm motility after the
separation (sexing) process in both fractions.
Apart from being a source of energy, sucrose in
tris-egg yolk diluent is a cryoprotectant for sperm
storage. Uchida et al. [34] stated that the carbohy-
drates would bind to water molecules in the dilu-
ent to prevent nucleation and the formation of ice
crystals. On the other hand, the tris-egg yolk con-
tains low-density lipoprotein (LDL). Farstad [35]
mentioned that LDL could adhere to the surface of
the sperm plasm membrane to replace lost and
damaged phospholipids. Furthermore, Bergeron et
al. [36] and Akhter et al. [37] added that LDL
would bind to the protein PDC-109, prevent phos-
pholipid efflux, and produce a protective layer on
the surface of the sperm membrane.

The sperm motility after sexing in this study
was lower than the sperm motility of Pakistani
buffalo using the swim-up method with 68.33%
for X sperm and 70.83% for Y sperm [38]. In the
same separation method, the motility value of wa-
ter buffalo sperm was lower than that of Sumba
cattle, 63-65% for X sperm and 49-59% for Y
sperm [5]. This difference is caused by the type of
livestock, method and type of diluent, and the
quality of fresh semen [39].
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Figure 1. The Motility of Separated (sexing) Spermatozoa
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Figure 2. The Viabilty of Separated (sexing) Spermatozoa

Viability

The addition of several concentrations of su-
crose into tris-egg yolk diluent showed an increase
in the percentage of viability of both X and Y sper-
matozoa (Figure 2). The presence of tris in the sex-
ing diluent of buffalo sperm can maintain pH, os-
motic pressure, electrolyte balance, and the avail-
ability of energy sources for sperm [40]. Thus, the
viability value of buffalo sperm after separation is
categorized as good (Indonesian National Stand-
ardization [25]. Fahy [41] suggested that sucrose
in sperm diluents can help vitrify solutions, stabi-
lize proteins and membranes. Therefore, the sepa-
rated sperm viability increased along with the in-
crease in the dose of sucrose. This is reinforced by
Qadeer et al. [42], that sucrose in diluent will be
metabolized through the glycolysis pathway or
continued with the Krebs cycle to produce energy
in the form of ATP, which is utilized by sperm to
move.

This study recorded the viability of X and Y

spermatozoa was 78.25 — 79.75 % and 78.75 —
79.5 %, respectively. These results were higher
compared to the Nili-Ravi buffalo in Pakistan [43]
and Sumba cattle [5]. This difference may be due
to the type of animal, the method of separating,
and the type of diluent used [44].

Intact plasm membrane

The administration of several concentrations
of sucrose in tris-egg yolk had no significant effect
(P>0.05) on the percentage value of intact plasm
membranes in both X and Y spermatozoa. The vi-
ability of separated buffalo sperm at different con-
centrations of sucrose in egg yolk was categorized
as good (70.5%-71.5%) (Figure 3). This is pre-
sumably because the carbohydrates contained in
the cell envelope are still available. Srivastava et
al. [45] stated that the cell plasm membrane con-
tains carbohydrates that are bound to lipids (gly-
colipids) or to proteins (glycoproteins) called the
cell envelope or glycocalyx [46]. Manjunath [47]
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Figure 3. The Intact Plasm Membrane Percentage of Separated Spermatozoa
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Figure 4. The Intact Acrosome Percentage of Separated Spermatozoa

also mentioned that plasm membrane plays an im-
portant role in regulating all processes that occur
in the cell. Moreover, sucrose is an effective extra-
cellular cryoprotectant to maintain the integrity of
cell membranes [48]. The good integrity of the
plasm membrane in this study is reflected by the
good motility and viability of the separated sper-
matozoa, as explained by Amirat et al. [49]. Sperm
resistance is related to the hydraulic permeability
properties of the membrane and the tolerance level
and domain arrangement of the sperm membrane
[50].

The intact plasm membrane of Y spermatozoa
(56.33%) in this study was lower than Nili-Ravi
buffalo. However, the X spermatozoa had a simi-
lar percentage (70.5 — 71.5%) to the Nili-Ravi buf-
falo, as reported by Asma-ul-Husna et al. [43]. In
contrast, the plasm membrane integrity of sperma-
tozoa from Sumba cattle is 63.44 -71.58% for X
spermatozoa and 48.43 — 70.64% for Y spermato-
zoa [5]. With the same separation method, Rasad

et al. [51] noted a higher integrity percentage for
both spermatozoa in goats. The difference in per-
centage values was due to the different tolerance
levels of sperm interacting with diluents and phys-
ical treatment during the process. This study
showed that the osmotic stress and mitochondrial
performance in counteracting free radicals in
sperm were still functioning, reflected by the high
motility and viability [45].

Intact acrosome

Both spermatozoa from water buffalo were
proven to have a quite high percentage of intact
acrosome (78.75% -80%) (Figure 4). The high
percentages of the intact plasm membrane and
acrosome after separation indicate that most sper-
matozoa have not experienced changes in the acro-
some reaction. Because carbohydrates are the
main component of the acrosome [47], they can be
utilized in the metabolic process of spermatozoa.
Furthermore, the head of the spermatozoa has an
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acrosome with a double-wall structure located be-
tween the plasm membrane of the anterior part of
the nucleus. However, the value of the intact acro-
some between the X and Y spermatozoa was dif-
ferent. This difference was due to the function of
the membrane as a protective acrosome of sperma-
tozoa [44]. However, the administration of sucrose
in tris-egg yolk for separating the semen of water
buffalo still had an impact on acrosome values.
The acrosome has a pivotal role in the fertilization
process. The acrosome status determines the suc-
cess of fertilization to perform the acrosome reac-
tion and oocyte fusion [48]. Awan et al. [52] stated
that sperm quality as an indicator of Al's success
is based not only on the progressive motility of the
spermatozoa but also on the integrity of the acro-
some, which should surpass 50%. This result is in
line with the opinion of Yildiz et al. [53], which
concluded that the combination of monosaccha-
rides and disaccharides with appropriate concen-
trations could protect spermatozoa.

However, the results of this study differ from
several studies on various types of animals. By
adding trehalose and EDTA, the motility of frozen
sheep semen and diluted semen became 64% and
52.10%, respectively [47]. The addition of sucrose
or trehalose in the diluent significantly increased
the motility of spermatozoa in frozen bovine se-
men [13]. The mixture of tris and sucrose also im-
proved the frozen semen quality of Bali cattle. The
differences above are due to differences in the type
of animals, diluent, and method used.

Conclusion

Adding sucrose up to 0.4% in tris egg yolk dil-
uent can maintain the values of motility, viability,
intact plasm membrane, and acrosome for X
sperm and Y sperm of water buffalo produced by
sexing with albumin.

Acknowledgment

The author would like to thank the Institute for
Research and Community Service of the State Is-
lamic University of Sultan Syarif Kasim Riau,
which funded this study under contract number
0245/R/2021.

References

1 Statistics Indonesia (BPS). (2021). Buffalo Population In-
donesia. Jakarta.

2  Yendraliza, Yuliana E, Rodiallah M, Zumarni (2019)
Kualitas Semen Kerbau pada Waktu Ekuilibrasi dan
Inkubasi yang Berbeda dalam Larutan Hipoosmotic

10

11

12

13

14

15

16

17

Swelling TEST. Agripet, 19(1):
https://doi.org/10.17969/agripet.v19i1.13191.
Singh I, Balhara AK (2016) New approaches in buffalo
artificial insemination programs with special reference to
India. Theriogenology 86(1): 194-199.
https://doi.org/10.1016/j.theriogenology.2016.04.031.
Afiati F (2004) Proporsi dan Karakteristik Spermatozoa
X dan Y Hasil Separasi Kolom Albumin. Media
Peternakan 27(1): 14-17.
https://doi.org/10.5398/medpet.v27i1.695.

Maulana T, Said S, Arifiantini RI, Setiadi MA (2019) Sex
sorting sperm of sumba Ongole bulls by using snakehead
fish (Channa striata) albumin extract. Journal of the
Indonesian Tropical Animal Agriculture 44(1): 106-113.
https://doi.org/10.14710/jitaa.41.1.106-113.

Situmorang P, Sianturi RG, Kusumaningrum DA, Ross
R, Maidaswar M (2013) Female calves born resulted from
an artificial inseminatioan (AI) using sexed sperm
seperated with egg albumin coloum. Jurnal Ilmu Ternak
Dan Veteriner 18(3): 185-191.
https://doi.org/10.14334/jitv.v18i3.320.

Garner DL, Hafez ESE Spermatozoa and Seminal Plasm.
In Reproduction in Farm Animals Lippincott Williams &
Wilkins. https://doi.org/10.1002/9781119265306.ch7.
Andrabi S (2009) Factors Affecting the Quality of
Cryopreserved  Buffalo (Bubalus bubalis) Bull
Spermatozoa. Reproduction in Domestic Animals 44(3):
552-569. https://doi.org/10.1111/j.1439-
0531.2008.01240.x.

Holt WV (2000a). Basic aspects of frozen storage of
semen. Animal Reproduction Science 62(1): 3-22.
https://doi.org/10.1016/S0378-4320(00)00152-4.
Bearden HJ, Fuquay JW (2004) Applied Animal
Reproduction. 6th edition. Reston Publishing Company,
INC. https://www.pearson.com/us/higher-
education/program/Bearden-Applied-Animal-
Reproduction-6th-Edition/PGM62964.html.

Akhter S, Rakha BA, Ansari MS, Igbal S, Khalid M
(2018) Evaluation of pigeon egg yolk for post thaw
quality, enzyme leakage and fertility of buffalo (Bubalus
bubalis) bull spermatozoa. Theriogenology 119:
https://doi.org/10.1016/j.theriogenology.2018.06.019.
Souhoka DF, Matatula MJ, Mesang-Nalley WM, Rizal M
(2009) Role of Lactose in Maintaining Viability of Peran-
akan Etawah Goat Spermatozoa Preserved with Priangan
Ram Seminal Plasm. Journal Veteriner 10: 135-142.
Woelders H, Matthijs A, Engel B (1997) Effects of
Trehalose and Sucrose, Osmolality of the Freezing
Medium, and Cooling Rate on Viability and Intactness of
Bull Sperm after Freezing and Thawing. Cryobiology 35:
93-105.

Rizal M, Herdis, Yulnawati, Maheswari H (2007) The
Quality Enhancement of Epididymal Spermatozoa of
spotted Buffalo Cryopreserving with various Sucrose
Concentrations. Journal Veteriner 8: 188-193.
Yulnawati, Herdis (2009) The Quality of Garut Ram Lig-
uid Semen in Tris Egg Yolk Extender to the Sucrose Sup-
plementation. JITV 14: 45-49.

Akhter S, Ansari MS, Rakha BA et al. (2010)
Cryopreservation of buffalo (Bubalus bubalis) semen in
Bioxcell® extender. Theriogenology 74(6): 951-955.
https://doi.org/10.1016/j.theriogenology.2010.04.024.
Kusumaningrum DA, Sianturi RG (2018) Pengaruh
Waktu Pemisahan Spermatozoa Terhadap Kualitas Perma

22-30.

JTLS | Journal of Tropical Life Science

389

Volume 13 | Number 2 | May | 2023



Yendraliza et al., 2023 / Adding Different Sucrose in Tris-Egg Yolk Diluent on the Sperm Fertility of Sexing Swamp Buffalo

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

Kerbau  Hasil  Sexing. JNP 5:  368-374.
http://jnp.fapet.unsoed.ac.id/index.php/psv/article/view/
60.

Susilawati T. Spermatology. Universitas Brawijaya (UB)
Press Malang, Malang.

Jeyendran RS, Van Der Ven HH, Perez-Pelaez M et al.
(1984) Development of an assay to assess the functional
integrity of the human sperm membrane and its
relationship to other semen characteristics. Journal of
Reproduction and  Fertility  70(1):  219-228.
https://doi.org/10.1530/jrf.0.0700219.

Bhalakiya N, Haque N, Patel D et al. (2018) Sperm sex-
ing and its application in livestock sector. Int. J. Curr.
Mirobial. App. Scie Special Issues 7: 259-272.

Sianturi R, Purwantara B, Supriatna I, Amrozi, Situ P
(2012) Pengaruh Glutation dan Penggantian Plasm
Semen Kerbau dengan Plasm Semen Sapi terhadap
Kualitas Semen Beku Kerbau Rawa (Bubalus bubalis).
Jurnal Tlmu Ternak Dan Veteriner 17(3): 169-178.
Herbowo MT, Arifiantini RI, Karja NWK, Sianturi RG
(2019) Cryopreservation of swamp buffalo semen in skim
milk  yolk-based diluent with two different
cryoprotectants. Tropical Animal Science Journal 42(1):
13-18. https://doi.org/10.5398/tasj.2019.42.1.13.
Ghodasara SN, Gajbhiye PU, Ahlawat AR, Murthy KS
(2016) Evaluation Of Fresh Semen Quality And
Predicting The Number Of Frozen Semen Doses In
Jaffrabadi Buffalo Bull. Buffalo Bulletin 35(1): 65-72.
Bhave K, Koilpillai TPJ, Ragothaman V et al. (2020)
Semen production and semen quality of indigenous
buffalo breeds under hot semiarid climatic conditions in
India. Tropical Animal Health and Production 52(5):
2529-2539. https://doi.org/10.1007/s11250-020-02284-
9.

Standardisasi Nasional Indonesia (SNI). (2008) SNI
4869.2-2008 Semen Beku Kerbau Semen Beku Kerbau.
https://id.scribd.com/document/345026647/SNI-4869-2-
2008-Semen-Beku-Kerbau.

Jainudeen MR, Hafez ESE (2016) Cattle and Buffalo. In
Reproduction in Farm Animals. Lippincott Williams &
Wilkins. https://doi.org/10.1002/9781119265306.ch11.
Bhakat M, Mohanty TK, Raina VS et al. (2011) Effect of
Age and Season on Semen Quality Parameters in Sahiwal
Bulls. Trop. Anim. Health Pro 43: 1161-1168.

Eriani K, Azhar A, Thdina M et al. (2018) Quality
enhancement of aceh swamp buffalo (bubalus bubalis)
frozen semen by supplementing B-carotene. Tropical
Animal Science Journal 41(1): 1-7.
https://doi.org/10.5398/tasj.2018.41.1.1.

El-Sisy GA, Shahba MI, El-Sheshtawy RI (2016)
Freezability of buffalo semen with TRIS extender
enriched with disaccharides (trehalose or sucrose) and
different glycerol concentrations. Asian Pacific Journal of
Reproduction 5(5): 416-418.
https://doi.org/10.1016/j.apjr.2016.07.007.

Holt WV (2000b) Basic aspects of frozen storage of
semen. Animal Reproduction Science 62(1-3): 3-22.
https://doi.org/10.1016/S0378-4320(00)00152-4.
Watson PF (2000) The causes of reduced fertility with
cryopreserved semen. Animal Reproduction Science 60:
481-492. https://doi.org/10.1016/S0378-4320(00)00099-
3.

Boro P, Naha BC, Madkar A, Prakash C (2016) Sexing of
semen in bulls: A mini review. International Journal of

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Applied Research 2(4): 460—462.

SNI (Indonesian National Standardization) (2017) Frozen
sperm Part 2 Buffalo Sperm. BSN. Jakarta.

Uchida T, Nagayama M, Shibayama T, Gohara K (2007)
Morphological investigations of disaccharide molecules
for growth inhibition of ice crystals. Journal of Crystal
Growth 299(1): 125-135.
https://doi.org/10.1016/j.jcrysgro.2006.10.261.

Farstad W (1996) Semen cryopreservation in dogs and
foxes. Animal Reproduction Science 42(96): 251-260.
Bergeron A, Brindle Y, Blondin P, Manjunath P (2007)
Milk Caseins Decrease the Binding of the Major Bovine
Seminal Plasm Proteins to Sperm and Prevent Lipid Loss
from the Sperm Membrane During Sperm Storage 1.
Biology of Reproduction 77(April): 120-126.
https://doi.org/10.1095/biolreprod.106.058248.

Akhter S, Rakha BA, Ansari MS et al. (2017) Evaluation
of quail and turkey egg yolk for cryopreservation of Nili-
Ravi buffalo bull semen. Theriogenology 87:
https://doi.org/10.1016/j.theriogenology.2016.09.002.
Asma-ui-Husna A, Awan MA, Mehmood A et al. (2017)
Sperm sexing in Nili-Rapvi buffalo through modified
swim up Validation using SYBR green real-time PCR.
Animal  Reproduction  Science 182: 69-76.
https://doi.org/10.1016/j.anireprosci.2017.04.011.

Balao da Silva CM, Ortega Ferrusola C, Morillo
Rodriguez A et al. (2013) Sex sorting increases the
permeability of the membrane of stallion spermatozoa.
Animal Reproduction Science 138(3—4): 241-251.
https://doi.org/10.1016/j.anireprosci.2013.02.021.
Dorado J, Mufioz-Serrano A, Hidalgo M (2010) The
effect of cryopreservation on goat semen characteristics
related to sperm freezability. Animal Reproduction
Science 121(1-2): 115-123.
https://doi.org/10.1016/j.anireprosci.2010.04.182

Fahy GM (1984) Vitrification as an Approach to
Cryopreservation. Cryobiology 21: 407-426.

Qadeer S, Khan MA, Ansari MS et al. (2015) Efficiency
of antifreeze glycoproteins for cryopreservation of Nili-
Ravi (Bubalus bubalis) buffalo bull sperm. Animal
Reproduction Science 157: 56-62.
https://doi.org/10.1016/j.anireprosci.2015.03.015.
Asma-ul-Husna, Awan MA, Mehmood A et al. (2017)
Sperm sexing in Nili-Ravi buffalo through modified
swim up: Validation using SYBR®green real-time PCR.
Animal Reproduction Science 182.
https://doi.org/10.1016/j.anireprosci.2017.04.011.
Vishwanath R, Moreno JF (2018) Review: Semen sexing
- Current state of the art with emphasis on bovine species.
Animal 12(s1): $85—s96.
https://doi.org/10.1017/S1751731118000496.

Srivastava N, Jerome A, Srivastava SK et al. (2013)
Bovine seminal PDC-109 protein: An overview of
biochemical and functional properties. Animal
Reproduction Science 138(1-2): 1-13.
https://doi.org/10.1016/j.anireprosci.2013.02.008.

Aisen EG, Alvarez HI, Venturino A, Garde JJ (2000)
Effect of Trehalose and Edta on Cryoprotective Action of
Ram Semen Diluents. Theriogenology 53: 1053-1061.
https://doi-org10.1016/S0093-691X(00)00251-X./.
Manjunath P (2012) New insights into the understanding
of the mechanism of sperm protection by extender
components. Animam Reproduction 9(4): 809-815.
http://www.cbra.org.br/pages/publicacoes/animalreprod

JTLS | Journal of Tropical Life Science

390

Volume 13 | Number 2 | May | 2023



Yendraliza et al., 2023 / Adding Different Sucrose in Tris-Egg Yolk Diluent on The Sperm Fertility of Sexing Swamp Buffalo

48

49

50

uction/issues/download/v9n4/p809-815.pdf.

Aitken RJ, Jones KT, Robertson SA (2012) Reactive
oxygen species and sperm function-in sickness and in
health. Journal of Andrology 33(6): 1096-1106.
https://doi.org/10.2164/jandrol.112.016535.

Amirat, L., Anton, M., Tainturier, D., Chatagnon, G.,
Battut, 1., & Courtens, J. L. (2005). Modifications of bull
spermatozoa induced by three extenders: Biociphos, low
density lipoprotein and Triladyl, before, during and after
freezing and thawing. Reproduction, 129(4), 535-543.
https://doi.org/10.1530/rep.1.00011.

Oldenhof H, Gojowsky M, Wang S et al. (2013) Osmotic
stress and membrane phase changes during freezing of
stallion sperm: Mode of action of cryoprotective agents.
Biology of Reproduction 88(3): 1-11.

51

52

53

https://doi.org/10.1095/biolreprod.112.104661.

Rasad SD, Solihati N, Winangun K (2021) The quality of
Etawah crossbreed sperm after sexing with different
combination of Bovine Serum Albumin concentrations.
IOP Conference Series: Earth and Environmental Science
888(1). https://doi.org/10.1088/1755-
1315/888/1/012025.

Awan MA, Akhter S, Husna AU et al. (2018) Antioxidant
activity of Nigella sativa Seeds Aqueous Extract and its
use for cryopreservation of buffalo spermatozoa.
Andrologia 50(6). https://doi.org/10.1111/and.13020.
Yildiz C, Aksoy AK, Tekeli T (2000) Influence of sugar
supplementation of the extender on motility, viability and
acrosomal integrity of dog spermatozoa during freezing.
Theriogenology 54(4): 579-585.

JTLS | Journal of Tropical Life Science

391

Volume 13 | Number 2 | May | 2023



Yendraliza et al., 2023 / Adding Different Sucrose in Tris-Egg Yolk Diluent on the Sperm Fertility of Sexing Swamp Buffalo

This page is intentionally left blank.

JTLS | Journal of Tropical Life Science 392 Volume 13 | Number 2 | May | 2023



