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INTRODUCTION

Artificial insemination (AI) technology is being imple-
mented in the program to achieve self-sufficiency in 

meat production in Indonesia by 2026. This effective re-
productive technology is known for producing superior 

livestock breeds (Ministry of Agriculture,  2019). AI can 
be enhanced through sperm sexing technology to produce 
superior livestock breeds tailored to the desired sex (Utami 
et al., 2022). This technology is being developed to ena-
ble farmers to obtain offspring that align with their gender 
preferences. In the beef cattle industry, there is a particular 
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interest in producing male calves, as they grow faster and 
command higher prices than female calves, thus boost-
ing efficiency in livestock production ( Joshi et al., 2021). 
Sperm sexing technology works by separating X and Y 
sperm based on differences in weight, size, shape, densi-
ty, motility, charge, and biochemical composition on their 
surfaces (Ngcobo et al., 2024). The PDGC ten gradients 
sexing method has been used by an artificial insemination 
center in Indonesia to produce sexed semen using Tris 
aminomethane diluent. This diluent is a commonly used 
semen extender, often combined with egg yolk (Baharun 
et al., 2017). Throughout the sperm sexing process, the Tris 
aminomethane diluent plays a crucial role in maintaining 
the quality of the sexed semen until subsequent processing 
steps are carried out (Yekti et al., 2024). The PDGC sexing 
method is based on the principle of the difference in spe-
cific gravity between X and Y sperm. The PDGC sexing 
method is predicated on the principle of differing specific 
gravities between X and Y sperm. During this process, X 
sperm quickly settles and forms sediment, as it has a larger 
mass and size compared to Y sperm (Kusumawati et al., 
2017). PDGC sexing method is commonly used in Indo-
nesia, this method is simpler to prepare than other media 
because the Percoll density variation is easier to make (Ut-
ami et al., 2025).

In Indonesia, the PDGC sexing method employs ten gra-
dients (20, 25, 30, 35, 40, 45, 50, 55, 60, and 65%), yielding 
X sperm at a proportion of 77% and Y sperm at 80.6%. 
The individual motility for the sexed frozen semen qual-
ity shows the bottom layer (bearing sperm X) at 44.60% 
and the top layer (bearing sperm Y) at 42.10% (Yekti et 
al., 2023). However, utilizing ten gradients is deemed more 
challenging, as preparing multiple gradients is time-con-
suming. A PDGC method using seven gradients (40, 50, 
60, 65, 70, 75, 80%) has been developed, with optimal re-
sults at a Percoll gradient percentage of 65-70%, achieving 
a proportion of X sperm at 60.75% and a motility rate of 
95.86% (Promthep et al., 2016). Meles et al. (2022) ex-
plored PDGC sexing with both three gradients (30, 60, 
90%) and five gradients (30, 45, 60, 75, 90%) on Simmental 
bulls. For Y-bearing sperm, individual motility was 77.80% 
(three gradients) and 75.40% (five gradients), while for fro-
zen Y-bearing sperm individual motility was 44.52% (three 
gradients) and 43.36% (five gradients). The most recent 
study by Yekti et al. (2024) investigated PDGC with ten 
and five gradient sexing using the diluents tris aminometh-
ane and andromed in Belgian Blue bulls. This research re-
ported proportions exceeding 70% for each treatment, with 
the best motility observed in the ten gradients using the 
tris aminomethane diluent. However, the findings indicat-
ed that the five gradients with tris aminomethane diluent 
could also be effective for the PDGC method. Given the 
discussion above, it is evident that research on the PDGC 
method with variations in gradient counts of ten, five, and 

three has not been conducted comprehensively. There-
fore, this study aims to evaluate the quality and kinematic 
characteristics of frozen sexed semen utilizing the PDGC 
method across varying gradient levels, leveraging a Com-
puterized-Assisted Sperm Analyzer (CASA).

MATERIALS AND METHODS

Ethical Approval
This study had no animal ethics issues as the semen collec-
tion process was conducted by employees of the Singosari 
National Artificial Insemination Center (SNAIC) with all 
procedures taking into account animal welf are in accordance 
with the production management used by SNAIC, name-
ly the ISO 9001:2015 National Standard. Therefore, this 
study has received an ethical review certificate No. 67 / EC / 
KEPK from the Faculty of Medicine, Universitas Brawijaya.

Materials
Animal experimental design and semen collection: 
The research was conducted at the SNAIC located on Jalan 
BBIB, Ngujung, Toyomarto, Singosari, Malang District, 
East Java, as well as at the Animal Reproduction Laboratory, 
Faculty of Animal Science, Universitas Brawijaya. The 
study focused on a 7-year-old Bali bull (ID: Sabala), 
weighing 508 kg, with a body conditioning score (BCS) of 
6 (scale of 1 to 9). Semen collection procedures followed to 
the standard operational protocols of SNAIC. Fresh semen 
was collected weekly, using an artificial vagina (AV; IMV 
Technologies, France). The semen was considered viable 
if it exhibited a mass motility quality of at least 2+, with 
progressive motility ≥70% and abnormal sperm below 20%.

Semen processing and evaluation: Fresh semen that 
has been collected by SNAIC was immediately examined 
for macroscopic tests, including volume, color, odor, pH, 
and consistency. Microscopic tests include mass motility, 
individual motility, viability, abnormality, concentration, 
and total motile sperm (TMS). Additionally, motility 
characteristics and kinetic patterns were analyzed using 
CASA. A morphometric assessment was performed to 
determine the proportion of X and Y sperm in sexed semen. 
The quality of sexed semen before freezing was evaluated 
based on individual motility, viability, and abnormality, 
while the post-thawed quality was assessed through 
individual motility, viability, abnormality, concentration, 
and TMS, along with motility characteristics and kinetic 
patterns analyzed using CASA.

Based on Figure 1 experimental design of frozen Bali bull 
sexed sperm using PDGC method with various gradients, 
analyzed the quality of fresh Bali bull semen (Table 1) and 
then processed it for sexing. Bali cattle belong to Bos son-
daicus cattle breed which is native to Indonesia so the use 
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of Bali cattle can represent local cattle in Indonesia. The 
PDGC sexing process refers to Yekti et al. (2024), accord-
ing to Figure 2 and Figure 3, the sexed semen was produced 
by Percoll density gradient centrifugation using gradients 
of ten, five, and three with tris aminomethane diluent. The 
diluent consisted of tris aminomethane combined with 
20% egg yolk from SNAIC, including the following com-
ponents: tris aminomethane, citric acid, lactose, raffinose, 
penicillin, streptomycin, distilled water, and egg yolk. 

Figure 1: Experimental design of frozen bali bull sexed 
sperm using percoll density gradient centrifugation method 
with various gradients.

The Percoll gradient percentages (Sigma-Aldrich, St. Lou-
is, MO, USA) used included ten gradients (20%, 25%, 30%, 
35%, 40%, 45%, 50%, 55%, 60%, 65%), five gradients (20%, 
30%, 40%, 50%, 60%), and three gradients (20%, 40%, 
60%). Each gradient was arranged in its respective test tube 
(Pyrex) from highest to lowest density, with the volumes 
allocated at T1 (0.5 mL), T2 (1 mL), and T3 (1.5 mL). 
The fresh semen meeting the required standards was then 
diluted with the diluent at a 1:1 ratio for this experiment, 
specifically using 0.5 mL of semen and 0.5 mL of diluent. 
Centrifugation was carried out at 451 G for five minutes 
for separation, followed by washing at 286 G for five min-
utes in each layer, the top layer (bearing Y sperm) and the 
bottom layer (bearing X sperm). The experiment included 
three treatments, each with ten replications, as follows:

T1: ten Percoll gradients with tris aminomethane diluent 
+ 20% egg yolk
T2: five Percoll gradients with tris aminomethane diluent 
+ 20% egg yolk
T3: three Percoll gradients with tris aminomethane diluent 
+ 20% egg yolk

Table 1: Average quality of fresh semen from bali bull.
Parameters Mean ± SD
Macroscopic
Volume (ml) 8.44 ± 2.31
Color Milky white
pH 6.5 ± 0.13
Odor Specific
Consistency Dilute
Microscopic
Mass motility ++
Individual motility (%) 83.22 ± 4.50
Viability (%) 88.46 ± 3.24
Abnormality (%) 5.33 ± 0.78
Concentration (106/ml) 903.50 ± 371.62
TMS (106/ml) 745.79 ± 294.65
CASA
Motility (%) 88.27 ± 4.27
Progressive (%) 73.48 ± 3.63
DCL (μm) 71.87 ± 6.19
DSL (μm) 46.34 ± 4.78
DAP (μm) 51.54 ± 5.50
VCL (μm/s) 185.39 ± 11.54
VSL (μm/s) 120.27 ± 7.76
VAP (μm/s) 132.77 ± 7.56
STR (%) 90.11 ± 1.97
LIN (%) 67.36 ± 3.35
WOB (%) 73.92 ± 3.35
ALH (μm) 5.62 ± 0.77
BCF (Hz) 37.21 ± 4.58

Sexed semen that has been tested were processed for freez-
ing according to the SNAIC frozen semen production pro-
cedure. This involves adding VA1 (at a ratio of 1:1) in a 
water bath (Advantage, USA) set at 37°C. The mixture was 
then placed in a cool tub (IMV, France) to facilitate a tem-
perature drop to 5°C, followed by 18-22 hours of cooling, 
after which VA2 was introduced. VB (Tris aminomethane 
+ 13% glycerol) was added and then tested before freez-
ing with the condition that sperm motility >55%. Filling, 
sealing, and racking straw in the cool tub (glycerol equili-
bration 0-4 hours) and first freezing with liquid nitrogen 
vapor for 12 minutes to reach a temperature of -140°C, af-
ter which a second freezing with liquid nitrogen is carried 
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out to reach a temperature of -196 ° C for 24 hours. Frozen 
sexed semen straws were thawed at 37°C for 30 seconds 
(National Standards, 2024).

Figure 2: Percoll density gradient centrifugation method 
with various gradients.

Measured Parameters
Sperm individual motility (%): was assessed using 10 µL 
of sample observed under a binocular light microscope 
(Olympus CX-23, Japan) at a magnification of 400×. In-
dividual motility is determined as the average across five 
fields of view (National Standards, 2017). 

Viability and abnormality (%): based on Susilawati et al. 
(2022), a smear was prepared by homogenizing 10 µL of 
semen with 10 µL of eosin nigrosin on an object glass (On-
eLab, China) and examined at a magnification of 400×. The 
calculations for viability and abnormality are based on Yek-
ti et al. (2024).

Total motile sperm (TMS): based on Susilawati et al. 
(2022), TMS represents the number of motile sperm and 

is calculated by multiplying the progressive motility of the 
semen by the total concentration of the sperm and calcula-
tion of TMS according to Yekti et al. (2024).

Figure 3: Process after first centrifugation of frozen bali bull 
sexed sperm using percoll density gradient centrifugation 
method with various gradients.

The concentration of sperm (million/straw) was deter-
mined using a Neubauer counting chamber (Marienfeld, 
Germany) as described by Susilawati et al. (2022): 1) A 
microtube (Onemed, Indonesia) was prepared by adding 
990 µl of 3% NaCl, followed by the addition of 10 µl of 
sexed semen, which was carefully transferred using a mi-
cropipette (Socorex, Germany). The exterior of the yellow 
tip was wiped with a tissue before inserting it into the 3% 
NaCl solution within the microtube. 2) The mixture was 
then homogenized by manually moving the microtube in 
a figure-eight pattern for 2 minutes. 3) After homogeniza-
tion, 10 µl of the semen and saline mixture was placed into 
the Neubauer counting chamber (Marienfeld, Germany). 
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4) Sperm were observed under a binocular light microscope 
(Olympus CX 23, Japan). Sperm counts were conducted in 
five chamber boxes (top right and left, bottom right and 
left, and center) following the calculation method outlined 
by Mahendra et al. (2018).

Identification of sperm aims to determine the proportion 
of X and Y chromosome sperm using a morphometric test. 
This test involves measuring the length and width (area) 
of the sperm head. Sperm categorized as X has a head area 
larger than average, while Y sperm exhibit a smaller head 
area than the average (Solihati et al., 2023). The stages of 
identifying X and Y sperm are as follows: 1. A drop of 10 µl 
of sexed semen is taken and mixed with 10 µl of eosin-ni-
grosin on a glass slide (OneLab, China). 2. The samples are 
observed under a trinocular microscope (Olympus CX-33, 
Japan) at a magnification of 400×. The length and width of 
the heads of 100 sperm are measured using LCmicro soft-
ware. For comparison, the dimensions of 1000 fresh semen 
sperm were measured to obtain a natural X:Y proportion of 
50:50, with the average head area of fresh semen serving as 
the benchmark for identifying sexed semen sperm (Yekti et 
al., 2024). The formula for proportion calculation is based 
on Yekti et al. (2024).

Observation of Motility Characters using CASA: The pro-
cedure for testing motility characteristics with the CASA 
system from Hamilton Thorne (France), specifically the 
IVOS-II (IVOS = Integrated Visual Optical System), is 
conducted in accordance with the Laboratory Work In-
struction Guidelines of the SNAIC. The steps are as fol-
lows: 1) Turn on the machine by pressing the ON button, 
then open the IVOS II application and allow the system 
to warm up to a temperature between 36 ºC and 38 ºC. 2) 
Prepare the sample for testing using a micropipette (Soco-
rex, Germany) to take 4 µl of the sample. Place this sample 
onto a glass slide (OneLab, China) and cover it with a cover 
slip (Herma). 3) Press the load button to initiate the sample 
entry process and use the jog in and jog out buttons to ad-
just the field of view position. 4) Set the live configuration, 
ensuring that the machine accurately detects both the head 
and tail of the sperm. 5) Adjust the focus using the focus 
setting button, and then click auto capture to capture the 
field of view automatically across five observations. 6) Re-
view the results of the motility testing, including kinematic 
parameters, in the results tab. Parameters Measured Using 
CASA: Motility (%); Progressive (%); Distance Straight 
Line (DSL, μm); Distance Curvilinear (DCL, μm); Dis-
tance Average Path (DAP, μm); Velocity Straight Line 
(VSL, μm/s); Curvilinear Velocity (VCL, μm/s); Velocity 
Average Path (VAP, μm/s); Straightness (STR, %); Line-
arity (LIN, %); Wobble (WOB, %); Amplitude of Lateral 
Head (ALH, μm); and Beat Cross Frequency (BCF, Hz).
The advantage of CASA technology is to analyze the qual-
ity of sperm by looking at motility characteristics quick-

ly using the help of computer devices. The tools used for 
CASA are standardized tools for evaluating sperm motility 
characters and kinetic patterns so that more accurate and 
objective data can be obtained (Susilawati et al., 2022). It 
was also mentioned by Ehlers et al. (2011) that the analysis 
of sperm motility using CASA will get kinetic observations 
with the results obtained will be accurate and objective. 
However, according to Mortimer et al. (2015) the CASA 
instrument has the limitation of not being able to analyze 
flagellum beats directly, so it relies on tracking the move-
ment of the sperm head. In extreme situations, Brownian 
motion of a stationary object similar in size and appearance 
to the sperm head can be misinterpreted as sperm motili-
ty. This makes it difficult to define non-progressive sperm 
motility, which requires the CASA test field of view to be 
free of debris.

Data Analysis
The research utilized a Randomized Group Design (RGD) 
featuring three treatments and ten replications. Each 1 
mL sample of bull semen with different quality is used as 
a repeat. Grouping based on the quality of each 1 mL of 
semen. Previously, the data had been tested for normality 
using Shapiro-Wilk and Barlett’s test for data homoge-
neity in R studio 4.4.3. The quality of the samples before 
freezing was evaluated, followed by continued testing using 
the Duncan multiple range test, with statistical analyses 
conducted through the R Studio 4.4.3 application. Addi-
tionally, the individual motility of samples before freezing 
and sexed frozen semen, concentration, and proportion of 
sexed frozen semen, were analyzed using Chi-Square tests. 

RESULTS AND DISCUSSION

Quality of Fresh Semen from Bali Bull 
The quality of fresh semen serves as the primary indicator 
for assessing its suitability for subsequent processing, in-
cluding dilution, freezing, or sexing. This quality is evalu-
ated through both macroscopic and microscopic examina-
tions. Research findings regarding the average macroscopic 
and microscopic evaluations of fresh semen from Bali bulls 
are presented in Table 1. 

Based on Table 1, it is known that the average semen vol-
ume is 8.44 ± 2.31 mL with a range of 5.8-12 mL. In com-
parison, the semen volume results for Bali bulls in our study 
are consistent with those reported by Setyani et al. (2017), 
where the average semen volume was recorded at 7.79 mL, 
within a range of 4.8 to 12 mL. The viability of fresh semen 
from Bali bulls in this study was 88.46 ± 3.24%, which is 
like the findings of Brillianti et al. (2021), indicating an 
average viability of 87.63 ± 1.85% in older cattle (7-8 years 
of age). The average result of mass motility was good (++), 
and the average of individual motility was 83.22 ± 4.50%. 
The motility characteristics of fresh semen from Bali bulls 
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in this study were notably higher, potentially due to the 
lower progressive motility of 68.5% reported by Haryani et 
al. (2016). Thus, the semen is deemed suitable for further 
processing, meeting the National Standards (2021), which 
stipulate that fresh semen for processing should have a 
motility of at least ≥70% and a maximum abnormality rate 
of 20%.

The Impact of Various Gradients in PDGC 
Sexing on the Quality of Sexed Semen from Bali 
Bull Before Freezing
Based on Table 2, gradient variation gave a highly signif-
icant difference in the individual motility of sexed semen 
before freezing in the bottom layer (P<0.01). T1 showed 
the highest results and T2 showed results that were not 
different from T3 in the lower layer individual motility 
parameter, respectively T1 (61,68 ± 8,63%a); T2 (56,34 ± 
8,71%b); and T3 (57,20 ± 10,27%b). The gradient variation 
had no difference on individual motility in the top layer, as 
well as viability and abnormality of the sexed semen before 
freezing in both the top and bottom layers (P>0.05). T1 
(10 Percoll gradients) showed the highest results compared 
to other treatments in both layers with individual motili-
ty (48.78 ± 9.64; 61.68 ± 8.63%), viability (53.88 ± 10.64; 
65.65 ± 10.15%), and lowest results for abnormality (6.96 
± 2.15; 4.22 ± 1.54%). Group analysis revealed a highly 
significant difference in individual motility of sexed semen 
before freezing for both layers, as well as in the viability 
of sexed semen in the top layer (P<0.01), with significant 
differences also present in the bottom layer (P<0.05). Ad-
ditionally, a significant difference was noted in the abnor-
mality of sexed semen before freezing in the bottom layer 
(P<0.05), whereas no significant differences were observed 
in the top layer (P>0.05).

Table 2: Average quality of sexed semen before freezing 
from bali bull.
Parameters Treatments

Top Layer (Mean) Bottom Layer (Mean)
T1 T2 T3 T1 T2 T3

Motility (%) 48.78± 
9.64

48.42± 
8.02

48.36± 
7.73

61.68± 
8.63b

56.34 
± 8.71a

57.2± 
10.27a

Viabilty (%) 53.88± 
10.64

52.23± 
8.40

53.57± 
8.82

65.65± 
10.15

63.08± 
11.64

60.81± 
11.04

Abnormality 
(%)

6.96 ± 
2.15

7.9 ± 
2.77

7.29 ± 
2.51

4.22± 
1.54

4.4 ± 
1.46

5.3 ± 
2.77

T1: (10 percoll gradients); T2: (5 percoll gradients); T3: (3 
percoll gradients); a-b Uncommon superscript in the same 
row indicates a very significant difference (P<0.01).

In PDGC sexing, the decrease in individual semen motility 
is caused by the centrifugation process, which damages the 
sperm plasma membrane (Safa et al., 2025). Following this, 
the sexed semen undergoes a freezing process after being 

diluted. It has been observed that semen quality can decline 
by 40-50% during the cryopreservation process (Susilawati 
et al., 2022). Consequently, it is essential to ensure that the 
liquid semen possesses high quality prior to freezing. For 
effective cryopreservation, liquid semen should have a min-
imum individual motility of 55% (To’aloh et al., 2023). The 
individual motility before freezing the top layer is lower 
than the bottom layer. According to Susilawati et al. (2014), 
the individual motility before freezing in the top layer was 
49.5% and the bottom layer was 56.5%. T1 has the highest 
quality of individual motility. This can be attributed to the 
higher viscosity encountered at five gradients compared to 
ten gradients, and the increased viscosity at three gradients 
relative to five gradients. During the sexing process, sperm 
tend to lose more energy in higher viscosity gradients, re-
sulting in lower individual motility observed in the five and 
three gradient (Simbolon et al., 2024). Chi-square analysis 
revealed that all treatments met the expected 55% motility 
threshold in the bottom layer. However, the top layer did 
not meet this benchmark. It is suspected that this discrep-
ancy is due to a higher presence of abnormal and immo-
tile sperm, many of which exhibited damaged membranes. 
Such conditions negatively impact sperm metabolism and 
their ability to generate energy (Susilawati et al., 2017). 
Consequently, during the cooling process of sexed semen 
in the top layer before freezing, individual motility is likely 
to decline. According to Dasrul et al. (2013), sperm metab-
olism is influenced by the energy metabolic capacity of the 
environment, temperature, and components of the extra-
cellular medium. Both endogenous and exogenous energy 
limitations can adversely affect sperm motility.

The viability of sexed semen before freezing the top layer is 
lower than the bottom layer. According to Susilawati et al. 
(2014), sexed semen before freezing the PDGC method, 
the viability of the top layer is 61.65% and the bottom layer 
is 69.92%. The decrease in the viability of sexed semen at 
the before freezing is due to the cooling process of sperm. 
The occurrence of cold shock during this cooling phase in-
creases the production of reactive oxygen species (ROS), 
leading to damage to the sperm cell membrane (Meles et 
al. 2022). Such damage disrupts both metabolic and phys-
iological processes, ultimately resulting in decreased sperm 
motility and increased mortality. The differences in the av-
erage abnormalities observed in semen sexing, particularly 
before the freezing stage, can be linked to multiple factors, 
including the separation and cooling processes. Kusuma-
wati et al. (2017) also noted that the sexing, cooling, and 
freezing processes contribute to an increase in sperm ab-
normalities. This is primarily due to the damage sustained 
by the sperm cell membrane during the sexing process and 
subsequent cooling and freezing, which result from cold 
shock and the resulting osmotic pressure imbalances during 
metabolism. Additionally, the presence of toxic substances 
from dead sperm or oxidized diluents during storage can 
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lead to elevated levels of free radicals, further compromis-
ing the integrity of the sperm plasma membrane. These 
changes ultimately affect cellular water and ion concentra-
tions, potentially causing damage to the acrosome and the 
tail of the sperm, which are particularly vulnerable during 
smearing procedures (Mahfud et al., 2019).

Table 3: Average quality of sexed semen post thawing 
from bali bull.
Parameters Treatments

Top Layer (Mean) Bottom Layer (Mean)
T1 T2 T3 T1 T2 T3

Motility (%) 38.37± 
8.33

46.92± 
11.84

35.60± 
13.72

54.12± 
10.76

52.02± 
15.40

47.72± 
10.67

Progressive 
(%)

26.98± 
6.72

31.13± 
10.34

22.44± 
8.07

40.30± 
8.39

34.39± 
9.86

33.04± 
13.36

Individual 
Motility (%)

30.08± 
6.12

30.40± 
7.36

30.96± 
8.77

43.72± 
3.52b

41.14± 
3.05ab

35.58± 
6.85a

Viability (%) 33.13± 
10.34ab

37.16± 
8.21b

28.67± 
6.06a

41.68± 
9.32

42.63± 
10.69

36.81± 
8.45

Abnormality 
(%)

6.62± 
2.00

7.80± 
3.61

6.73 ± 
2.50

3.78± 
1.22

4.41± 
1.78

5.08± 
1.53

Concentration 
(million/straw)

19.94± 
9.04

17.19± 
6.96

16.81± 
6.78

20.31± 
7.52b

19.22± 
7.02ab

15.81± 
4.05a

TMS (million/
straw)

6.37± 
3.78

5.57 ± 
3.10

5.3 ± 
2.83

8.82± 
3.06b

7.95± 
2.94b

5.64± 
1.85a

T1: (10 percoll gradients); T2: (5 percoll gradients); T3: 
(3 percoll gradients). a-bUncommon superscript in the same 
row indicates a very significant difference (P<0.01) and 
significant difference (P<0.05).

The Impact of Various Gradients in PDGC 
Sexing on The Quality of Sexed Semen from 
Bali Bull Post-Thawing
Based on Table 3, variations in gradient significantly af-
fect the individual motility, concentration, and total motile 
sperm (TMS) in the bottom layer (P<0.01). T1 showed the 
highest results in terms of individual motility, concentra-
tion, and TMS in the bottom layer, but did not differ from 
T2, respectively individual motility (T1 43.72 ± 3.52%b); 
T2 (41.14 ± 3.05%ab); T3 (35.58 ± 6.85%a), concentration 
T1 (20.31 ± 7.52×106/strawb); T2 (19.22 ± 7.02×106/
strawab); T3 (15.81 ± 4.05×106/strawa), and TMS T1 (8.82 
± 3.06×106/strawb); T2 (7.95 ± 2.94×106/strawb); T3 (5.64 
± 1.85×106/strawa). In contrast, gradient variation signif-
icantly influenced the viability in the top layer (P<0.05). 
T2 showed the highest results in top layer viability param-
eters, but not different from T1, respectively T1 (33.13 ± 
10.34%ab); T2 (37.16 ± 8.21%b); and T3 (28.67 ± 6.06%a). 
Nevertheless, gradient variation did not affect motility and 
progressive in both layers, individual motility, abnormality, 
concentration, and TMS in the top layer, nor did it impact 
the viability and abnormality in the bottom layer (P>0.05). 

Moreover, there was a very significant difference in con-
centration across both layers and in TMS in the bottom 
layer based on grouping (P<0.01). This discrepancy is at-
tributed to variations in the quality of the fresh semen con-
centration in each replication. Based on group analysis, a 
significant difference was noted in the abnormalities of the 
bottom layer (P<0.05). However, there were no significant 
differences in individual motility, viability, or abnormalities 
of the bottom layer, as well as individual motility and via-
bility of the top layer (P>0.05).

The very difference is thought to be due to differences in 
the distance and viscosity of the gradient penetrated by 
sperm during separation. T1, with a lower viscosity and a 
distance of 0.5 mL per gradient, makes it easier for sperm 
to penetrate the gradient layer, to minimize membrane 
damage and a decrease in the quality of sperm until the 
freezing process. The post thawing process causes sperm 
cells to experience temperature changes and extreme os-
molarity which results in damage to the lipid membrane 
structure resulting in decreased motility or movement of 
sperm (Meles et al., 2022). Based on Chi-Square, the in-
dividual motility of post-thawing stage T1 and T2 bottom 
layer sexed semen has met the expected value, which is 
higher than the expected value of 40% (National Stand-
ards, 2024). The bottom layer of T3 and top layer (T1, T2, 
T3) did not meet the expected value of 40%. However, only 
T1 met the expected value of progressive motility, testing 
with CASA, of more than 40%. Based on Chi-Square, 
the sperm concentration of frozen sexed semen has not 
met the National Standards (2024) for frozen semen of at 
least 25 million/straw. The study results were lower than 
those of Mardi et al. (2020), namely frozen sexing semen 
SGDP ten gradients method after post-thawing in the top 
layer of concentration as much as 25.23×106/straw. This 
is thought to be due to using fresh semen in the study as 
much as 1 mL. The initial volume of fresh semen for the 
sexing process in the research of Mardi et al. (2020) with 
a volume of 1.5 mL and 2 mL has a higher concentration 
of 25.73×106/straw and 26.18×106/straw. Meanwhile, the 
study only used 0.5 mL fresh semen with the addition of 
0.5 mL diluent (1:1).

Separation by centrifugation causes the separation of 
sperm with seminal plasma and membrane damage which 
causes a decrease in the quality of sperm. Following Dil-
iyana et al. (2014) that the release of seminal plasma will 
decrease membrane protection so that the sperm mem-
brane becomes unstable. Damage to the sperm membrane 
structure increases intracellular calcium levels in sperm 
cells, which results in a decrease in viability, motility, and 
membrane integrity (Mahfud et al., 2019). The sperm ab-
normalities in the bottom layer were less than in the top 
layer in post-thawing sexed semen. 
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Table 4: Average Quality of sexed semen post thawing 
from bali bull with CASA.
Parameters Treatments

Top Layer (Mean) Bottom Layer (Mean)
T1 T2 T3 T1 T2 T3

DCL (μm) 64.23± 
11.16

55.06± 
15.38

56.77± 
16.44

67.99 ± 
15.16

62.40 ± 
12.28

61.51 ± 
11.81

DSL (μm) 29.66± 
3.48

26.69± 
5.80

24.96± 
5.90

30.51 ± 
3.57

29.11 ± 
3.05

27.38 ± 
5.41

DAP (μm) 35.53± 
4.44

32.45± 
6.57

30.9 ± 
7.82

37.36 ± 
5.85

35.26 ± 
4,24

33.61 ± 
5.89

VCL 
(μm/s)

154.54 
± 31.12

136.53 
±32.64

135.28 
±36.45

157.72 
± 31.27

146.94 
± 33.23

147.57 
± 25.85

VSL (μm/s) 69.95± 
8.33

62.32± 
11.06

60.28± 
12.90

71.23 ± 
6.42

68.46 ± 
7.84

65.64 ± 
12.20

VAP (μm/s) 85.78± 
13.62

76.42 
±13.57

74.55 ± 
17.56

87.23 ± 
11.37

83.27 ± 
12.38

80.97 ± 
12.97

STR (%) 81.94± 
4.89

81.94 
± 5.89

82.61 ± 
6.51

81.96 ± 
4.83

82.48 ± 
6.07

81.4 ± 
5.35

LIN (%) 48.61 ± 
6.22

50.61 
± 8.73

51.41 ± 
9.92

47.98 ± 
6.59

50.87 ± 
8.44

48.46 ± 
7.32

WOB (%) 58.18 ± 
4.15

59.96 
± 6.43

60.49 ± 
6.99

57.51 ± 
4.65

60.15 ± 
6.30

57.91 ± 
5.18

ALH (μm) 7.77 ± 
1.91

6.76 ± 
1.85

7.21 ± 
2.29

7.95 ± 
1.72

7.31 ± 
2.14

7.29 ± 
1.59

BCF (Hz) 26.7 ± 
4.62

26.91 
± 5.35

27.62 ± 
11.53

24.77 ± 
4.44

25.03 ± 
4.88

25.92 ± 
4.41

T1: (10 percoll gradients); T2: (5 percoll gradients); T3: 
(3 percoll gradients); The distance traveled by sperm is 
obtained from the distance traveled by sperm in one second 
on each track, namely DCL (Distance Curve-Line), DSL 
(Distance Straight Line), and DAP (Distance Average 
Path); The velocity parameter in the character of sperm 
motility using CASA is the speed of sperm, which consists 
of three parameters: VCL (Velocity Curvilinear), VSL 
(Velocity Straight Linear), and VAP (Velocity Average 
Pathway); The percentage parameters STR (Straightness), 
LIN (Linearity), and WOB (Wobble) in sperm motility 
characters using CASA are derived from velocity 
parameters. STR is the ratio between straight and average 
trajectories (VSL/VAP×100). LIN is the ratio between 
straight and curved paths (VSL/VCL×100). WOB 
expresses the relationship between average and curved 
paths (VAP/VCL×100); The ALH (Amplitude of Lateral 
Head) is the average width of sperm head oscillations and 
BCF (Beat Cross Frequency) is the frequency of sperm 
head crossing the average path in both directions.

According to Susilawati et al. (2017) frozen semen sexing 
method SGDP ten gradient shows the results of damage 
or leakage of the sperm membrane and the disconnection 
of the sperm head with the tail. There are many sperm 
whose membranes leak, especially in the top layer, more 
dead sperm are found with the discovery of debris resulting 

from damage to the sperm membrane. The average TMS 
of the top layer sexed semen is lower than the bottom layer. 
This is because the amount of concentration and motility 
of the top layer of sexed semen is lower than the bottom 
layer so that it will affect the TMS of the sexed semen. In 
the top layer during the centrifugation process, there are 
many Y sperm that will quickly run out of energy because 
of their faster motility than X sperm which are found in 
the bottom layer. Therefore, TMS decreases in the top layer 
because many sperm populations drop to the bottom lay-
er (Yekti et al., 2023) and many sperm die when debris is 
found due to damage to the sperm membrane (Susilawati 
et al., 2017).

Based on Table 4 the results of the analysis of parameters 
on the motility character of sperm both in the top and bot-
tom layers under different gradient treatments, showed no 
significant differences in the values of DCL, DSL, DAP, 
VCL, VSL, VAP, STR, LIN, WOB, ALH, and BCF for 
sexed frozen semen (P>0.05). By group, there was a sig-
nificant difference in DCL and DAP of the bottom layer 
(P<0.05), but no difference in DCL, DSL, and DAP of 
the top and bottom layers and DSL of the bottom layer 
(P>0.05). By group, there was a very significant difference 
in VCL of the top layer (P<0.01) and a significant differ-
ence in VCL of the bottom layer as well as VAP of the top 
layer (P<0.05). However, by group, there was no difference 
in the VSL of the top layer and the VAP of the bottom 
layer (P>0.05). Meanwhile, based on the group, there were 
highly significant differences in STR of the top and bot-
tom layers and LIN of the bottom layer (P<0.01) and sig-
nificant differences in LIN of the top layer and WOB of 
the top and bottom layers (P<0.05). Meanwhile, by group, 
there were very significant differences in ALH of top and 
bottom layers and BCF of bottom layers (P<0.01) and no 
significant differences in BCF of top layers (P>0.05).

The distance parameter in sperm motility, as measured by 
CASA, includes three components: DCL, DSL, and DAP. 
Syarifuddin et al. (2018) stated that the distance parame-
ter or the distance traveled by sperm is obtained from the 
distance traveled by sperm in one second on each track, 
namely the curved track (DCL), the straight track (DSL), 
and the average track in the groove (DAP). The distance 
traveled by the movement of sperm is the ability of sperm 
to move so that it will support the success of sperm in 
fertilization (Raafi et al., 2021). The different gradients in 
SGDP sexing did not affect the values of distance parame-
ters, namely DCL, DSL, and DAP of sexed frozen semen 
in both the top and bottom layers. This indicates that the 
three treatments can maintain semen quality. According to 
Putranti (2018) DCL is the distance traveled by the curved 
line of the sperm tail, DSL is the distance traveled by the 
straight line of the sperm tail, and DAP is the average dis-
tance traveled by the sperm line. Based on Table 5 shows 
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that the higher the DSL value, the higher the DAP val-
ue. A high DCL value means that the sperm move faster, 
which is also correlated with the VCL value because ve-
locity is positively correlated with distance, which means 
that the higher the VCL value, the higher the DCL value 
(Maulana and Said, 2019). 

Table 5: The proportion of sperm x and y in sexed semen 
from bali bull.
Layers Sperm T1 (%) T2 (%) T3 (%)
Top Y 79.80 77.90 79.90

X 20.20 22.10 20.10
Bottom Y 14.60 18.80 24.90

X 85.40a 81.20ab 75.10b

The velocity parameter in the character of sperm motility 
using CASA is the speed of sperm, which consists of three 
parameters: VCL, VSL, and VAP. VCL is the curved speed 
in the actual path of sperm for one second, VSL is the speed 
of sperm in a straight-line distance from the beginning to 
the end of the sperm path for one second, and VAP is the 
average path speed of sperm for 1 second (Kanno et al., 
2023). This indicates that the three treatments can main-
tain semen quality. However, the values ​​of each treatment 
are quite different, T1 showed the highest values for VCL, 
VSL, and VAP, suggesting that a ten-gradient system better 
preserves the velocity of sexed frozen semen compared to 
T2 and T3. This is thought to be because the ten gradients 
feature a shorter gradient distance and lower Percoll densi-
ty than the five and three-gradient systems. Consequently, 
sperm experience less membrane damage, which positively 
impacts motility quality and, thus, the velocity parameters 
of sexed frozen semen. This observation aligns with Yek-
ti et al. (2022), who reported that centrifugation, osmot-
ic shifts, and contact with Percoll media can compromise 
sperm membrane integrity and intracellular components. 
VCL <20 μm/s is considered immotile sperm, VCL 20-60 
μm/s is considered slow, VCL 60-110 μm/s is considered 
medium, and VCL>110 μm/s is considered fast (Novo et 
al., 2021). Based on VCL in each treatment, sperm move 
quickly. Velocity assessment with VAP> 25 µm/s indicates 
the progressive motility of sperm (Raafi et al., 2021). This 
shows that each treatment produces sperm with progres-
sive movement. Sperm to be able to penetrate the ovum is 
to have VCL>70 µm/s, VAP, and VSL>45 µm/s (Arif et al., 
2020). Tris aminomethane diluent is thought to minimize 
the deterioration of frozen sexed semen quality. According 
to Ratnawati et al. (2017) during cold storage semen with 
tris aminomethane diluent has a higher VCL value, which 
means the vigor of sperm movement is more substantial 
than with skim milk diluent and CEP-2. The treatment 
of different gradients showed that the value of VCL, VSL, 
and VAP is good to make sperm have good progressive 
motility.

The percentage parameters STR, LIN, and WOB in sperm 
motility characters using CASA are derived from velocity 
parameters, namely VCL, VSL, and VAP. STR is the ratio 
between straight and average trajectories (VSL/VAP×100). 
LIN is the ratio between straight and curved paths (VSL/
VCL×100). WOB expresses the relationship between aver-
age and curved paths (VAP/VCL×100) (Baeta et al., 2019). 
The treatment of different gradients in Percoll density gra-
dient centrifugation sexing does not affect the percentage 
of STR, LIN, and WOB of sexed frozen semen. LIN is the 
linear progression rate calculated as the VSL/VCL ratio 
in percentage, STR is the VSL/VAP ratio in percentage 
to measure the compactness of the track, and WOB is a 
measurement of the oscillation of the actual path against 
the average path of the sperm (Valverde et al., 2020). The 
percentage of STR and LIN is used to identify the pattern 
of sperm movement, to identify the presence of hyperactive 
sperm, namely sperm moving quickly and strongly but not 
progressive and linear (Susilawati et al., 2018). The percent-
age of LIN in sperm can indicate the direction of move-
ment or straightness of sperm swimming (El-Bahrawy, 
2017). Based on Table 4 it can be seen that the percentage 
of STR and LIN  of the three treatments has an average 
percentage of >80% and >45%, respectively. Utami et al. 
(2025) stated that sperm are considered to move linearly 
if they show a percentage of STR> 50% and LIN> 35%. 
According to Setiyono et al. (2020) sperm swim linearly if 
the percentage of LIN> 35% and swim non-linearly if the 
percentage of LIN <30%. This shows that both treatments 
can move linearly or straight ahead with a percentage of 
STR> 80% and LIN> 45%. 

The amplitude of the Lateral Head (ALH) is the average 
width of sperm head oscillations and Beat Cross Frequency 
(BCF) is the frequency of sperm head crossing the average 
path in both directions (Missio et al., 2018). According to 
Amann and Waberski (2014) explained that the centroid 
of deviation from the average trajectory is called the ampli-
tude of lateral head displacement (ALH) and the intersec-
tion of curved trajectories that intersect the average trajec-
tory, and the number of such intersections is called the beat 
cross frequency (BCF). ALH and BCF are used in CASA 
analysis to evaluate various aspects of sperm motility, such 
as speed, movement pattern, and wobble frequency (Bravo 
et al., 2011), which are also characteristics of sperm wobble 
(Lu et al., 2014). According to Marquez and Suarez (2007), 
ALH>7 μm indicate that sperm are hyperactive. The results 
showed ALH >7 μm, thus indicating hyperactive sperm, 
except at T2 on the top layer. The higher the ALH value, 
marked capacitation in sperm, the biochemical changes that 
increase its ability to fertilize an eggs (Utami et al., 2025). 
Some statements of sperm hyperactivity are as follows: the 
category of hyperactive sperm with VCL > 150 μm/s; LIN 
< 50% and ALH > 7 μm (Susilawati et al., 2018). BCF 
value is a parameter that can identify changes in flagellar 



Advances in Animal and Veterinary Sciences

July 2025 | Volume 13 | Issue 7 | Page 1410

motion patterns (Afriani et al., 2024). The higher the BCF 
value, the more stable the sperm movement is thought 
to be (Ratnawati et al., 2020). BCF>20 Hz means sperm 
have good fertility (Belala et al., 2019). This study shows 
the results of the appropriate BCF value, so it is concluded 
that the three treatments have sperm with good fertility.

Impact of Different Gradients in PDGC Sexing 
on The Proportion of X And Y Sperm in Sexed 
Semen from Bali Bull
Results of sperm proportion of Bali bull semen in Table 
5 based on Chi-square analysis, the proportion of X and 
Y sperm in each treatment all met the expected value of 
>70%. This indicates that each treatment can separate X 
and Y sperm from their natural proportions. This happens 
because X and Y sperm have different characteristics. The 
principle of the PDGC sexing method is the difference in 
sperm weight; X sperm are heavier than Y sperm because 
they have a larger head size. Therefore, X sperm will settle 
to the bottom layer faster during the centrifugation pro-
cess than Y sperm. Identification of X and Y sperm using 
morphometric test based on sperm head area. According 
to Solihati et al. (2023) the head area of X sperm is larger 
than Y sperm because it contains more DNA. The average 
DNA size difference between X and Y chromosome sperm 
in cattle is about 4%, with little difference between breeds 
(Vishwanath and Moreno, 2018). The results of identify-
ing the length and width (area) of the head of 1000 fresh 
semen sperm obtained the average head area of male Bali 
bull sperm, which is 37.58 𝜇m. The results of the propor-
tion of X and Y chromosome sperm in fresh semen were 
close to the natural proportion, which obtained 49% X 
chromosome and 51% Y chromosome. When morpho-
metric testing with sperm head area, if the sperm head area 
is greater than or equal to the average head area of fresh 
semen sperm, it is identified as X sperm. If the sperm head 
area is smaller than the average, it is identified as Y sperm 
(Yekti et al., 2024). As in Figure 4, sperm A has a head area 
of 34.47 𝜇m, so it is identified as Y sperm, while sperm B 
has a head area of 42.43 𝜇m, so it is identified as X sperm.

The proportion of the results of the study was higher than 
Yekti et al. (2023), PDGC ten gradient semen sexing pro-
duced a proportion of X sperm 77.1% and Y sperm 80.6%. 
The results of the study were also not much different from 
Yekti et al. (2024), the proportion of X and Y sperm in ten 
gradients PDGC sexing semen was 74.20% and 84.10%, 
respectively, and in five gradients, 83.10% and 85.10%. 
Some factors that can affect the proportion of sperm in the 
PDGC sexing method include molecular weight density 
gradient, centrifugation time, and speed (Yekti et al., 2024). 
The highest proportion of X sperm was T1 85.40%, but not 
different from T2 81.20% and different from T3 75.10% 
(P>0.01). This suggest that the difference in gradient affects 

the separated X sperm, the higher the percoll density, the 
less X sperm are able to penetrate the gradient. The high-
est proportion of Y sperm was found in T3 79.90%, but 
not different from the proportions of T1 79.80% and T2 
77.90% (P>0.05), presumably because the Percoll density 
in the T3 gradient was the highest. This happens because 
the size of the sperm Y is smaller, so it is more difficult to 
penetrate the higher Percoll density gradient so that many 
sperm Y is stuck in the top layer. The proportion of X and 
Y sperm in the study showed separate results because the 
proportion value was> 70%. If the percentage proportion is 
higher, it means that the more X and Y sperm are separat-
ed. In the research of Susilawati et al. (2023) PDGC sexed 
semen produced a proportion of 80.79% Y-sperm, the pro-
portion of bull calves born from crossbred Ongole cattles 
inseminated using the Y-sexing semen with a double dose 
of 78.95%. This suggest that the higher the percentage of 
separated sperm, the higher the chance of the birth of off-
spring according to the desired sex.

Figure 4: Identification of X and Y semen sperm sexing 
by morphometric test. Description: A: Y Chromosome 
Sperm; B: X Chromosome Sperm.

CONCLUSIONS AND 
RECOMMENDATIONS

In conclusion, the gradient variation used significantly af-
fected sperm quality, but no significant effect on CASA 
parameters. Liquid sexing semen that passed the SNI re-
quirements for liquid semen to be frozen were all treat-
ments in the bottom layer. Meanwhile, frozen sexing se-
men that passes the requirements of SNI frozen semen is 
the bottom layer of gradient 10 with progressive motili-
ty parameters with CASA 40.30%. The proportion of all 
treatments was more than the expected value of 70%. These 
findings indicate that five gradients with tris aminometh-
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ane diluent + 20% egg yolk bottom layer can be used for 
the PDGC sperm sexing method based on visual motility 
and proportion. So, further research needs to be done with 
five and three gradients using 1 mL fresh semen research 
material to get better results.
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