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INTRODUCTION

Artificial insemination is a reproductive technology 
widely applied on farms because it can increase re-

productive efficiency and improve the genetic quality of 
livestock. Artificial Insemination   technology is currently 
developing by using sexing semen to obtain the offspring 
sex as expected. In the beef cattle industry, male calves are 
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preferred over females because they can grow faster and 
have high prices. Meanwhile, in dairy cattle, female calves 
are needed more as replacement stock, and the price is also 
higher than that of male calves. The sex of a calf is deter-
mined by the presence of X and Y chromosomes, which 
have differences in size, shape, weight, motility, and bio-
chemical content on its surface (Prakash, 2014) and DNA 
content (Rahman and Pang, 2019). Those differences are 
factors that affected the separation of sperm X and Y. 
Methods of sexing sperm have been widely reported previ-
ously, including using flow cytometry (Garner et al., 2013) 
swim-up (Hikmawan et al., 2016) (Utomo et al., 2021), 
H-Y antigen (Yadav et al., 2017), albumin sedimentation 
and Percoll density gradient centrifugation (Kusumawati et 
al., 2019) and the SexedULTRATM method (Vishwanath 
and Moreno, 2018).

The Percoll density gradient centrifugation (PDGC) sex-
ing method was developed in Indonesia and has been 
commercialized by an artificial insemination center. The 
PDGC sexing method creates Percoll gradient layers with 
different concentrations in a tube and then centrifuges at a 
certain speed and time. The principle of the sexing method 
using Percoll centrifugation is that the difference in density 
between sperm carrying X and Y. X-carrying sperm weight 
is higher than Y-carrying sperm, causing X sperm to reach 
the lower fraction more quickly. In contrast, Y sperm will 
remain in the upper fraction (Kusumawati et al., 2019).

Sexing frozen semen using the PDGC method is currently 
produced using ten gradients, which has a motility of 44.60 
in sexing X and 42.10 in sexing Y (Yekti et al., 2023). Even 
though it has a good quality of frozen semen, making a 
gradient with many layers is difficult and takes a long time. 
(Promthep et al., 2016) It was revealed that using seven-lay-
er personal density gradients with a percoll concentration 
of 40-80% can separate the sperm about 65-70%, which 
produces 60.75% X sperm and motility of 95.86 ± 0.46%. 
Then, the resulting sex ratio was 71.4% of female offspring 
with X-sexing semen and 50% with unsexed semen. In 
comparison, the results of in vitro fertilization (IVF) and 
embryo transfer with sexing semen produced 67.86% fe-
male offspring. The sexing success of the PDGC method 
varies between 86 – 94% (Silva et al., 2017).

Sexing sperm requires a diluting medium that can protect 
and provide optimal environmental conditions for sperm so 
that the quality of sexing results can be maintained (Mur-
phy et al., 2017). The commercial diluent Andromed® is 
more widely used for sexing sperm because its application 
is more accessible and produces high fertility, being able to 
maintain good sperm quality and preventing sperm from 
experiencing early capacitation after the sexing process 
( Juniandri et al., 2014). However, Andromed® diluent is 
more expensive, causing the high cost of producing sexing 

semen and has a short duration of use. On the other hand, 
the diluent tris aminomethane + 20% egg yolk is also one 
of the diluents widely used at an affordable price and can 
maintain good sperm quality. The previous research con-
ducted by (Kusumawati et al., 2019) sexing was performed 
by using 10 gradient and andromed diluent, while (Yek-
ti et al., 2023) using 10 gradient with Tris aminomethane 
egg yolk 20% diluent. Furthermore, the research of sexing 
PDGC sexing using 5 and 3 gradients are not fully stud-
ied. Therefore, this study aims to evaluate sperm separation 
using the sexing method with different gradients and dil-
uents.

MATERIALS AND METHODS

Ethical Approval
The authors confirmed that no ethical issues were involved 
in this study, all the procedure was followed the standard 
procedure in artificial insemination center Singosari Ma-
lang with ISO 9001: 2015 and supervised by a veterinarian 
from AI Center Singosari, Malang. 

Animals and Semen Collection
Belgian Blue Cross mature bulls aged 6–7 years were raised 
at an artificial insemination center in Singosari, Malang, 
Indonesia. The bulls weighed 700–800 kg and had body 
conditioning scores (BCS) ranging from 3–4. The proce-
dure of collecting semen followed the standard operational 
procedure of AIC. Fresh semen was collected once a week, 
routinely using an artificial vagina. The fresh semen with 
progressive motility exceeding 70% and abnormal sperm 
below 20% were processed prior to the experiments.

Production of Sexed Semen with Centrifugation 
Gradient Percoll Density
The sexed semen was produced with centrifugation gradi-
ent percoll using 10 and 5 gradients.   The percentage of 
percoll gradient included ten gradients (20%, 25%, 30%, 
35%, 40%, 45%, 50%, 55%, 60%, 65%) and five gradients 
(20%, 30%, 40%, 50%, 60%) respectively. The fresh semen 
that meets the requirements is then diluted into diluent 
with a ratio of semen, and the diluent was 1:1, in this ex-
periment using 0,5 ml semen: 0,5 ml diluent. The diluent 
was using Andromed®   and Tris Aminomethan + 20% egg 
yolk. According to (Susilawati, 2013), Tris aminomethane 
diluent + 20% egg yolk in 100 ml consists of Tris Ami-
nomethan 1.363 g, citric acid 0.762 g, Lactose 1.5 g, Fruc-
tose 0.5 g, egg yolk 20 ml, Raffinosa 2.7 g, Streptomycin 0.1 
g, penicillin 0.1 g aquadest 80 g, while andromed is diluted 
using distilled water 1: 4. The centrifugation was performed 
at 45 G   for 5 minutes. The treatment was divided into 
four treatments with ten replications each. The following 
treatments were: 
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T0: 10 percoll gradients with Andromed® diluent
T1: 10 percoll gradients with Tris aminomethane diluent + 
20% egg yolk
T2: 5 percoll gradients with Andromed® diluent
T3: 5 percoll gradients with Tris aminomethane diluent + 
20% egg yolk

Parameters observed
The semen was evaluated after the sexing process for some 
parameters including:

Individual motility (%): The percentage of individual mo-
tility is measured based on the sperm movement which is 
classified into forward (progressive), backward and circular 
movements (Susilawati, 2013). One drop of sexing semen 
is placed on an object glass, then covered with a cover glass. 
Furthermore, semen was observed using an Olympus CX-
23 light microscope with 400x magnification. Individual 
motility is assessed in a minimum of five view fields.

Sperm Viability (%): One drop of semen was placed on 
a glass object, and then one drop of eosin nigrosine was 
homogenized gently. Make a smear of the sample along 
the surface of the object glass then air dry. The viability was 
observed using an Olympus CX-23 binocular light micro-
scope with 400x magnification. The live and dead sperm 
were calculated minimum for a total of 200 sperm viability 
is calculated by the formula (Susilawati et al., 2022): 

Sperm Concentration: placed 990 μl of 3% NaCl into the 
microtube. Then, add 10μl of sexing semen and homoge-
nize gently. Take the 10μl of semen that has been diluted 
with 3% NaCl in the counting chamber and cover with a 
cover glass. Sperm were observed using an Olympus CX 23 
binocular light microscope and counted in 5 boxes in the 
upper right and left corners, lower right and left corners, 
and the middle. Sperm concentration can be calculated 
with the formula (Yekti et al., 2023):

Description: 
N: Average number of sperm in chambers A and B
FP: Diluent Factor (1:100)
5: Correction Factor (chamber room)
10.000: Correction Factor (chamber depth 0.0001 ml)

Abnormal sperm (%): Abnormal sperm was observed from 
sperm with abnormal shapes such as no head, large head, 
small head, no tail, and circular tail. The observations were 
observed on a minimum of 200 sperm, then calculated by 
the formula (Yekti et al., 2023): 

Total Motile Sperm (TMS): TMS is calculated by mul-
tiplying the percentage of individual motility and sperm 
concentration in a million/ml (Susilawati et al., 2022; Al-
dini et al., 2022). The following formula calculates TSM: 

Identification of X and Y Sperm,
identification of the proportion of X and Y sperm was car-
ried out using morphometric tests. The morphometric test 
was carried out by measuring the sperm head, including 
the length and width, using Olympus LC Micro software.

Observations were made on 1000 sperm in fresh semen 
samples to determine the fresh semen proportion (50:50) 
and the average head area of sperm as a comparison to de-
termine X and Y sperm. If the sperm head is larger or equal 
to the average (fresh semen), it is categorized as X-chro-
mosome sperm. If the size of the sperm head is smaller 
than the average, it is categorized as Y sperm (Kusumawati 
et al., 2019). The percentage proportion of X and Y sperm 
can be calculated using the formula: 

Data analysis
The research design used was a Completely Randomized 
Design (CRD) with four treatments and ten replications. 
The data obtained was then analyzed using analysis of var-
iance, and then the Tukey test was carried out to compare 
treatments directly. The results of this test provide confi-
dence intervals and p values for each pair of groups, al-
lowing specific differences between treatment groups to be 
identified  (Sudarwati et al., 2019). Parameters observed in-
cluded individual motility, viability, abnormality, concentra-
tion, total motile sperm (TMS), and proportion of sperm. 
Calculations of sperm proportions were analyzed using the 
chi-square test to evaluate the significance of differences 
between treatment groups and assess accuracy in meeting 
the expected value of 70%. The data was then tabulated and 
analyzed statistically using IBM SPSS (Statistical Program 
for Social Science) version 25 software.

RESULTS AND DISCUSSION

Quality of Belgian Blue Cross Bull Fresh Semen
The quality of fresh semen is the leading indicator in esti-
mating the fertility capacity of sperm and determining the 
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suitability of semen for processing, whether diluted, frozen, 
or used for sexing. The quality of fresh semen is evaluated 
macroscopically and microscopically. Macroscopic evalua-
tion includes semen volume, color, pH, odor, and semen 
consistency, while microscopic evaluation includes mass 
motility, individual motility, viability, abnormalities, and 
concentration (Garner and Hafez, 2000). Fresh semen that 
is suitable for further processing has motility≥70%. The re-
sults of research evaluating the quality of fresh semen from 
Belgian blue cross bull are as follows. 

Table 1: Average Quality of Fresh Semen for Belgian Blue 
Cross Bull.
Parameters Average ± SD
Macroscopic
Volume (ml) 9,5 ± 2,35
Color Milky White
pH 6,3 ± 0,26
Odor Specific
Consistency moderate
Microscopic
Mass Motility ++
Individual motility (%) 80,67 ± 2,94
Viability (%) 86,24 ± 2,50
Concentration (106 /ml) 1425,00 ± 470,66
Abnormality (%) 5,16 ± 1,25
TSM (106/ml) 10620,61 ± 3529,49

Based on Table 1, it can be seen from the macroscopic and 
microscopic evaluation results of fresh semen that Belgian 
Blue cross bull have an average fresh semen volume of 9.5 
± 2.35 ml. According to (Filipcík et al., 2023), generally, 
the average volume of fresh sperm is 8.72 mL. (Susilawati, 
2011) stated that the volume of fresh semen production in 
cows ranges from 1-15 ml/ejaculate. The fresh semen pro-
duced from Belgian Blue cross bull is milky white and has a 
distinctive odor. The characteristics of fresh cow semen are 
dark white to milky white (Bintara, et al., 2021; Susilawati, 
2013). Belgian Blue cross bull has an average pH of 6.3 ± 
0.26, which means the pH of Belgian Blue cross bull semen 

is within the normal limits. According to (Nongbua et al., 
2020), a sperm pH of 6.2 can be categorized as normal. A 
pH of fresh sperm in cows that is too acidic can cause a 
decrease in individual motility and sperm capacity, which 
increases the possibility of infertility (Zhou et al., 2015).

The average percentage of individual Motility for Bel-
gian Blue cross bull is 80.67 ± 2.94%. These results are not 
different from the research results of (Lagu et al., 2020), 
which stated that the average individual motility of cow 
semen was 80.72 ± 6.34%. According to Indonesian na-
tional standard, fresh sperm can be processed into frozen 
sperm with a minimum criterion of 70% motility. Thus, the 
motility of fresh sperm from Belgian Blue cross bull can be 
categorized as good.

Viability parameters are related to the viability of sperm in 
terms of the condition of the sperm cell membrane. Based 
on the research results, it is known that the average per-
centage of viability of fresh semen from Belgian Blue cross 
bull is 86.24 ± 2.50%. It is known that the average viabil-
ity of fresh cow semen is 83.09 ± 2.22% (Nugroho et al., 
2014). The average concentration of fresh semen from Bel-
gian Blue cross bull is 1,425.00 ± 470.66 million/ml. This 
value is higher than the research results of (Nugroho et al., 
2014) and (Aisah et al., 2014), respectively. The average 
concentration of fresh cow semen was 1197.20 ± 335.25 
million/ml and 1043.36 ± 225.86 million/ml. The average 
percentage of abnormalities in fresh semen from Belgian 
Blue cross bull is 5.16 ± 1.25%; this value is lower than the 
results of research by (Nugroho et al., 2014), which states 
that the average abnormality in fresh cow semen is 10.40 
± 0.73%. High levels of abnormalities in sperm can affect 
sperm fertility (Rosyada et al., 2020).

Progressive Motility, Concentration, and 
Total Motile Sperm After Sexing
Progressive Motility and total motile sperm are essential 
factors for sexing semen quality because progressive mo-
tility is vital in fertilization success. The total value of mo-
tile sperm is influenced by the average individual motili-
ty value and the concentration of sexed semen produced 
(Yekti et al., 2023).Table 2 showed the percentage of pro 

Table 2: The Value of Progressive Motility, Concentration, and Total Motile Sperm after sexing in all treatments.
Parameters Treatment

Upper Layer Lower Layer
T0
(Mean)

T1
(Mean)

T2
(Mean)

T3
(Mean)

T0
(Mean)

T1
(Mean)

T2
(Mean)

T3
(Mean)

Motility (%) 68 ± 4.9ab 72 ± 4.8a 59 ± 13.7b 60 ± 9.8b 69 ± 3.5 71 ± 5.2 56 ± 9.6 52 ± 9.8
Concentration(106/ml) 228 ± 58.4 271 ± 101.7 61 ± 41.6 190 ± 39.5 256 ± 98.4 269 ± 123.8 215 ± 83.7 268 ± 99.4
Total Motile Sperm (106/ml) 151 ± 30.4ab 175 ± 65.5a 65 ± 34.3c 74 ± 56.5b 174 ± 64.8AB 188 ± 81.7A 98 ± 52B 138 ± 67.8AB

Significant discrepancies are indicated by dissimilar superscripts within rows. In this context, a and b denote the upper 
layer, while A and B represent the lower layer.
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gressive motility, concentration, and total motile sperm af-
ter the sexing process in all treatments. 

Table 2 showed   the results of the variance analysis for 
all treatments. Significant differences existed in the upper 
layer for motility, concentration, and TMS (P<0.01). On 
the other hand, in the lower layer, there were very signifi-
cant differences in motility parameters between treatments, 
while the total parameters of motile sperm showed signif-
icant differences (P<0.05). However, there were no sig-
nificant differences between treatments in concentration 
parameters. The percentage of progressive motility on ten 
gradients, both in the upper and lower layers, was higher 
than five gradients, about more than 65%, which meets the 
requirements for the freezing process. Meanwhile, the per-
centage of sperm motility with Tris aminomethane diluent 
+ 20% egg yolk was higher than Andromed diluent in the 
upper layer on T0-T4 values of 68%, 72%, 59%, and 60%, 
respectively. (Kusumawati et al., 2019) The Motility of gra-
dient SGDP 10 sexing semen with Andromed® diluent in 
the top layer was 61%, and the motility in the bottom layer 
was 67.5%.

The individual Motility sexing semen, both the top and 
bottom layers in 10 gradients, are still suitable for process-
ing into the frozen process. The decrease in motility values 
in sexed semen is caused by the centrifugation process dur-
ing sperm separation, causing damage to the sperm plasma 
membrane. The integrity of the sperm plasma membrane 
is related to motility and fertilization ability, which must 
maintain membrane integrity (Aslam et al., 2014). Damage 
of the plasma structure membrane due to centrifugal force 
while separating sperm disrupts metabolic and physiolog-
ical processes, resulting in decreased movement and death 
of sperm. (Kusumawati et al., 2017) also stated that re-
duced motility occurs due to various treatments, including 
the separation and washing process, which causes sperm 
to require much energy to maintain their physiological 
condition; the processing and storage period of sperm also 
affects the quality of sperm membranes, due to the meta-
bolic activity of sperm which produces adverse effects in 
the form of production. ROS, where ROS production can 
reduce motility values, is characterized by damage to the 
sperm membrane.

Furthermore, Tris aminomethane + 20% egg yolk diluent 
can maintain the individual motility of sexing semen in 
both the upper and lower layers compared to Andromed® 
diluent because of egg yolk addition to the tris aminometh-
ane diluent, and egg yolk contains lecithin and lipoprotein 
which function to maintain and protect the sperm plasma 
membrane during the separation process by centrifugation. 
(Tethool et al., 2022) also stated that egg yolk contains 
amino acids, and lipoprotein plays a role in maintaining 
the integrity of the sperm membranes. The carbohydrate, 

vitamin, and mineral content maintains the life of sperm; 
glucose and vitamins in egg yolk are also readily soluble in 
water, so they are beneficial for sperm.

Based on Table 2, the average concentration in this study 
between the upper layer and bottom layer is balanced, show-
ing that the separation of sperm was successful. Concentra-
tions in ten and five gradients in the diluent andromed   and 
tris aminomethane + 20% egg yolk showed a significant 
difference in the upper layer (P<0.01). In contrast, in the 
lower layer, there was no significant difference (P>0.05). 
( Juniandri et al., 2014) stated that sperm concentration in 
each layer of sexing semen is a primary factor influencing 
the TMS calculation. Based on the Indonesian (National 
Standards, 2021), the total number of motile sperm ob-
tained for frozen semen is a minimum of 10 million/straw, 
obtained by multiplying the standard motility of 40% by 
the standard concentration of 25 million/straw.

The concentration value in this study is not different from 
the study of (Fatahillah et al., 2016), which states that the 
TMS of PDGC 10 gradient sexing semen with a centrif-
ugation time of 5 minutes in the upper and lower layers, 
respectively, about 210 x 106/ml and 170 x 106/ml, while 
the TMS of PDGC 10 gradient sexing semen with cen-
trifugation time 7 minutes on the top and bottom layers 
respectively, namely 151 x 106/ml and 210 x 106/ml. Based 
on the results of TMS calculations for sexing semen in this 
study, it is known that the quality of PDGC 10 gradient 
sexing semen using Andromed® diluent and tris ami-
nomethane + 20% egg yolk in terms of TMS parameters is 
still suitable for freezing. (Fatahillah et al., 2016) explained 
that the total number of motile sperm for the AI standard 
is 40 million sperm/ml. The average TMS of the upper and 
lower layers of sexed semen in T1 is higher than T0, pre-
sumably because the sperm in T1 has more energy than the 
sperm in T0 because the diluent composition is tris ami-
nomethane + 20% egg yolk which contains more energy 
sources including fructose, lactose, egg yolk, and raffinose, 
where raffinose is a trisaccharide composed of galactose, 
glucose, and fructose (Pubiandara et al., 2016). Meanwhile, 
in Andromed® diluent, the energy source is only obtained 
from fructose (Arif et al., 2022).  

Viability and Abnormality Sperm after Sexing
Table 3 presents the average results of the percentage of 
viability of sperm from sexing by the percoll density gradi-
ent centrifugation method at 10 and 5 gradients of Belgian 
Blue cross bull using Andromed® diluent, tris aminometh-
ane + 20% egg yolk. Table 3. 

The analysis of variance showed highly significant differ-
ences in both the upper and lower layers in terms of via-
bility and abnormality parameters (P<0.01). These results 
indicate that the treatments applied had a considerable
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Table 3: The Viability and Abnormality of sperm after sexing in all treatments. 
Parameters Treatment

Upper Layer (Mean) Lower Layer (Mean)
T0 T1 T2 T3 T0 T1 T2 T3

Abnormality (%) 5 ± 1.7ab 4 ± 1.7a 8 ± 3.2b 8 ± 4.0b 4 ± 1.8A 4 ± 1.2A 8 ± 4.5B 7 ± 3.3AB

Viability (%) 85 ± 2.2b 87 ± 1.8b 96 ± 3.9a 95 ± 3.8a 87 ± 1.6B 86 ± 2.5B 95 ± 7.7A 95 ± 4.2A

Dissimilar superscripts within rows indicate significant discrepancies. In this context, a and b denote the upper layer, 
while A and B represent the lower layer.

impact on the viability and abnormality levels of sperm, 
both on the upper and lower surfaces. This significant dif-
ference may be due to variations in environmental condi-
tions   such environmental temperature and components 
contained in the medium used or treatments applied to the 
two layers. The percentage of viability in sexed sperm of 
Belgian Blue bull using ten gradients and five gradients as 
well as a combination of diluents, namely andromed and 
tris-aminomethane + egg yolk, showed a more significant 
percentage of viability at five gradients in the T2 and T3 
treatments in both the upper and lower layers, namely 
96±3. 9, 95±3.8 (in the upper layer), and 95±7.7, 95±4.2 (in 
the lower layer), while in the ten gradients, the percentage 
of viability in treatments T0 and T1 was 85±2.2, 87±1.8 
(in the upper layer), and 87±1.6, 86±2.5 (in the lower layer) 
respectively (P<0.01).

Using fewer gradients allows for more stable sperm sep-
aration, reducing the mechanical and osmotic stress that 
often occurs at higher gradients (Koh and Marcos, 2015). 
This was reflected in the higher viability in treatments T2 
and T3, compared to T0 and T1, which used 10 gradients. 
(Tethool et al., 2022) explain that dead sperm have plas-
ma membranes that are no longer active or semipermeable 
so that acidic eosin can be absorbed and color acidophilic 
parts of the tissue, such as the cytoplasm, red. The cyto-
plasm, which stores substances needed for cell metabolism, 
has acidic properties that cause acidic substances to stick in 
it (Hossain et al., 2011).

Sperm in the upper layer tend to run out of reserve energy 
faster and die faster because of their higher mobility than 
sperm in the lower layer. This aligns with research (Kusu-
mawati et al., 2017), which showed that the viability per-
centage of PDGC-sexed sperm in Ongole Crossbred bull 
was 85.15% in the upper layer and 88.64% in the lower 
layer. The results of sexing research with ten gradient den-
sity percoll centrifugation with tris aminomethane + 20% 
egg yolk diluent had a viability of 77.74% in the lower layer 
and 74.9% in the upper layer, while Andromed® diluent 
had a viability of 79.8% in the lower layer and 76.25% in 
the upper layer.

(Kumar et al., 2019) support these findings by showing 
that lower gradients reduce cellular damage and maintain 

sperm membrane integrity, which is essential for optimal 
fertility. In addition, using less gradient allows for a more 
even distribution of nutrients and buffers, helping to main-
tain ideal physiological conditions for sperm (Leung et 
al., 2022). Using a combination of android and tris-ami-
nomethane + egg yolk diluents provided additional support 
in maintaining sperm viability. Tris-aminomethane + egg 
yolk diluent is known to have the ability to protect sperm 
from oxidative damage and provide nutrients essential for 
cell survival (Pahlevy et al., 2022). The egg yolk in the dilu-
ent can protect the sperm membrane from damage due to 
refrigeration and freezing. This supports the results of this 
study, where higher viability and lower abnormality were 
observed in treatments with this diluent combination.

Sperm viability is also related to sperm abnormality. Ab-
normality is one sign of sperm quality due to abnormal cell 
structure and can cause problems or difficulties during fer-
tilization, even pregnancy failure (Rasad et al., 2020). The 
percentage of abnormality between the 10 and 5 gradient 
treatments, as well as between andromed diluent and tris 
aminomethane + egg yolk, showed a very significant differ-
ence (P < 0.01), the abnormality in the T0, T1 treatment 
was smaller than the abnormality in the T2 and T3 treat-
ments in the upper layer, vice versa in the lower layer the 
abnormality in the T0 and T1 treatments was smaller than 
the abnormality in the T2 and T3 treatments, this indicates 
that in the ten gradient, the abnormality is smaller than 
the abnormality in the five gradient. This is in line with 
research (Yekti et al., 2023), which states that the percent-
age of sexed semen abnormality in Friesian Holstein cows 
ranges from 5-7%. Several factors can cause sperm abnor-
malities, including oxidative stress, osmotic imbalance, and 
damage during the handling and separation (Agarwal et 
al., 2014). In this context, proper use of diluents such as 
andromed and tris-aminomethane + egg yolk also reduces 
abnormalities. Egg yolk in the diluent serves as a protective 
agent that protects the plasma membrane of sperm from 
damage (Watson, 2000). Andromed diluent is also known 
to provide a more stable environment for sperm, which 
helps to reduce abnormality rates (Medeiros et al., 2002). 
Oxidative stress during cold storage is one of the leading 
causes of sperm damage. Free radicals, primarily reactive 
oxygen species (ROS), can damage lipids, proteins, and 
DNA in sperm cells, which increases morphological ab-
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normalities and reduces viability. According to (Koppers et 
al,. 2008), oxidative stress can cause DNA fragmentation 
and membrane damage in sperm, which negatively affects 
fertilization ability.

Proportion of X and Y sperm after Sexing 
Sexing uses the Percoll density gradient centrifugation 
method based on the difference in weight or head size of 
X sperm being more significant than that of Y sperm. The 
proportion of X and Y sexing sperm was confirmed by 
measuring the heads of sperm morphometrically, namely 
based on the principle of differences in the characters of X 
and Y sperm (Yekti et al., 2023)  . The proportion of X and 
Y sperm in all treatments can be seen in (Tables 4) (upper 
layer) and 5 (lower layer). (Table 4, 5) (Figure 1).

Table 4: The Proportion of X and Y sperm after sexing in 
the upper layer in all treatments.
Proportion Fresh 

Semen
After Sexing
Upper Layer
T0 T1 T2 T3

X (%) 49.1 25.10 25.80 23.90 16.90
Y (%) 50.9 74.90 74.20 76.10 83.10

Based on chi-square analysis on calculating the proportion 
of X and Y sperm, it was found that in the upper and lower 
layers, all treatments met the expected value of 70% for 
the separation of X and Y sperm (P<0.01). These findings 
indicate that the distribution of X and Y sperm in each 
treatment did not differ significantly from the previous-
ly determined expected value. This confirms the accuracy 
and consistency in separating X and Y sperm in this study. 

Table 5: The Proportion of X and Y sperm after sexing in 
the Lower layer in all treatments.

Proportion Fresh 
Semen

After Sexing
Lower Layer
T0 T1 T2 T3

X (%) 49.1 85.80 84.10 83.00 85.10
Y (%) 50.9 14.20 15.90 17.00 14.90

This study found that the average head area of Belgian blue 
cross bull sperm was 35.79 μm with a head length rang-
ing from 7.19 - 10.41μm and a head width ranging from 
3.14 - 5 .0 μm (Figure 1). This result per the opinion of 
(Susilawati, 2014), who states that the length and width 
of the sperm head in cattle is approximately 8-10 μm and 
4.0 - 4.50 μm. The identification of X sperm is known to be 
larger than average, while Y sperm are smaller than average 
(fresh semen); this is to the statement of (Kusumawati et 
al., 2019) that the sperm head is larger or equal to the aver-
age (fresh semen), then it is categorized as X chromosome 
sperm, and if the sperm head size is smaller than average, 

then it is categorized as Y sperm. From the results of meas-
uring the length and width of the sperm head, it was found 
that X and Y sperm had a percentage of 49.1% and 50.9%, 
respectively.

This study showed that the proportion of sexing semen in 
the upper layer using Andromed® diluent and tris ami-
nomethane + 20% egg yolk was not significantly different; 
the Y sperm was 74.90% and 74.20%, respectively. These 
results show a higher value compared to the research of 
(Kusumawati et al., 2019), which stated that the percent-
age of Y sperm in Ongole crossbred cattle resulting from 
PDGC sexing, with Andromed® diluent in the top layer, 
was 72%, whereas in the results of research by (Susilawa-
ti, 2014) using the same sexing method the percentage of 
Y sperm in the top layer was obtained 73 .1%. (Rasad et 
al., 2019) stated that sexing PDGC 10 gradients in Etawa 
goats also produced a higher percentage of the Y chromo-
some, namely 76.10%

The proportion of sexing semen in the lower layer using 
Andromed® diluent and tris aminomethane + 20% egg 
yolk showed no significant difference; the X sperm was 
85.80% and 84.10%, respectively. This result is no different 
from the study of (Susilawati, 2014), that sexing PDGC 
10 gradients with a centrifugation speed of 44.5 G   for 
5 minutes produced 83.1% of X sperm in the lower layer. 
However, compared to (Fatahillah et al., 2016), which has a 
higher value using the PDGC 10 gradient sexing method 
for 5 minutes, it was found that the percentage of X sperm 
in the lower layer was 78.6%.

Figure 1: The length and width of sperm in Belgian Blue 
cross bull.

Several factors that can influence the size of the propor-
tion of sperm in the PDGC 10 gradient sexing meth-
od include the molecular weight of the density gradient 
(personal, diluent), centrifugation time, and speed. In this 
study, the molecular weight of Andromed® diluent and tris 
aminomethane + 20% egg yolk does not have a significant 
difference of 1.07 g/ml and 1.05 g/ml, respectively. (Susila-
wati, 2014) stated that percoll has a density of 1.13 ± 0.005 
g/ml and can form a density gradient below 1.13 g/ml. The 
speed and time of centrifugation affect the percentage of X 
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and Y sperm after centrifugation.
CONCLUSIONS AND 
RECOMMENDATIONS

In conclusion, the differences in gradients and diluents used 
during the sexing process significantly influence the quality 
of sperm. The best results of sperm motility were achieved 
when using ten density gradients with tris aminomethane 
diluent plus 20% egg yolk. Furthermore, the sexing process 
in all treatments has proportions above 70%, as expected. 
This finding showed that five gradient and diluents of tris 
aminomethane + 20% egg yolk can be used for further sex-
ing method. 
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