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ABSTRACT

This study aimed to evaluate the quality and kinematics of spermatozoa in fresh and frozen
semen of coastal cattle. Semen of coastal cattle was collected using an artificial vagina from 2
males, fresh semen was tested and frozen using tris egg yolk diluent. Fresh and frozen semen
of coastal cattle were evaluated using a Computer Assisted Sperm Analyzer (CASA). This
study used a t-test analysis by comparing the quality and kinematics of spermatozoa of fresh
semen and frozen semen of coastal cattle. The parameters observed were macroscopic, mi-
croscopic and CASA quality observations. The results showed the kinematics of fresh and fro-
zen semen motility (83.83%; 71.68%) and the kinematics of progressive motility of fresh and
frozen semen (80.81%; 59.56%). Based on the results of the t-test analysis, it was found that t
count > t table, the kinematics of fresh semen spermatozoa had a significant effect on the
frozen semen of Pesisir cattle on the motility of fresh semen and frozen semen, on the pro-
gressive motility of fresh semen and frozen semen. The characteristic values of kinematics in
fresh semen and frozen semen of Pesisir cattle were respectively velocity curvilinear (VCL)
178.94 ym/s and 108.52 um/s; velocity straight line (VSL) 96.61 pm/s and 49.34 um/s; velocity
average path (VAP) 114.99 um/s and 64.04 um/s; linearity (LIN) 0.53% and 0.44%; straight-
ness (STR) 0.83% and 0.75%; wobble (WOB) 0.64% and 0.58%; lateral head displacement
(ALH) amplitude 5.83 ym and 5.15 um; beat cross frequency (BCF) 35.28 Hz and 24.65 Hz.
The kinematics of fresh and frozen semen spermatozoa significantly affect the value of motility
characteristics. The conclusion of the results of this study is that there is a decrease in the
quality of fresh semen kinematics and frozen semen kinematics spermatozoa on the value of
motility characteristics, namely on the speed of spermatozoa at the velocity curvilinear (VCL),
velocity straight line (VSL), and velocity average path (VAP), linearity (LIN), straightness (STR),
and wobble (WOB) and on the distance value of spermatozoa amplitude lateral head displace-
ment (ALH) and beat cross frequency (BCF).
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ABSTRAK

Penelitian ini dilakukan untuk mengetahui kualitas dan kinematika spermatozoa pada semen
segar dan semen beku sapi Pesisir. Semen sapi Pesisir dikoleksi dengan alat yang digunakan
yaitu vagina buatan dari 2 ekor pejantan, semen segar di uji dan dibekukan dengan
mengunakan pengencer tris kuning telur. Semen segar dan semen beku sapi Pesisir di eval-
uasi menggunakan Computer Assisted Sperm Analyzer (CASA). Penelitian ini menggunakan
analisis uji t yaitu dengan membandingkan kualitas dan kinematika spermatozoa semen segar
semen beku sapi Pesisir. Parameter yang diamati adalah pengamatan kualitas makroskopis,
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mikroskpis dan CASA. Hasil penelitian menunjukan kinematika motilitas semen segar dan se-
men beku (83,83%; 71,68%) dan nilai kinematika motilitas progresif semen segar dan semen
beku (80,81%; 59,56%). Berdasarkan hasil analisis uji t didapatkan bahwa thitung > ttavel,
kinematika spermatozoa semen segar berpengaruh nyata terhadap semen beku sapi Pesisir
terhadap motilitas semen segar dan semen beku, terhadap motilitas progresif pada semen
segar dan semen beku. Nilai karakteristik kinematika pada semen segar dan semen beku sapi
Pesisir masing-masing adalah velocity curvilinear (VCL) 178,94 uym/s dan 108,52 pym/s; velocity
straight line (VSL) 96,61 um/s dan 49,34 um/s; velocity average path (VAP) 114,99 um/s dan
64,04 um/s; linearity (LIN) 0,53 % dan 0,44 %; straightness (STR) 0,83 % dan 0,75 %; wobble
(WOB) 0,64 % dan 0,58 %; amplitude lateral head displacement (ALH) 5,83 uym dan 5,15 pm;
beat cross frequency (BCF) 35,28 Hz dan 24,65 Hz. Kinematika spermatozoa semen segar
dan semen beku berpengaruh nyata terhadap nilai karakteristik motilitas. Kesimpulan dari hasil
penelitian ini yaitu terdapat penurunan kualitas spermatozoa kinematika semen segar dan kin-
ematika semen beku pada nilai karakteristik motilitas yaitu pada kecepatan spermatozoa pada
kecepatan velocity curvilinear (VCL), velocity straight line (VSL), dan velocity average path
(VAP), linearity (LIN), straightness (STR), dan wobble (WOB) dan pada nilai jarak spermatozoa
amplitude lateral head displacement (ALH) dan beat cross frequency (BCF).

Kata Kunci: CASA, Evaluasi, Kinematika, Sapi Pesisir, Semen beku, Semen segar

INTRODUCTION

Local cattle contribute significantly to
the national economy by supporting liveli-
hoods and fulfilling the demand for animal
protein through meat and related products.
Compared to imported breeds, indigenous
cattle exhibit superior adaptability to low-
quality feed, compatibility with traditional
farming systems, and resistance to diseases
and parasites, although they generally show
lower productivity.

Pesisir cattle, one of Indonesia’s five
indigenous breeds alongside Bali, Aceh,
Sumbawa, and Madura cattle, possess val-
uable traits such as adaptability to poor-
quality forage, resilience under extensive
farming conditions, and strong disease re-
sistance (Farid, 2018). Despite their small
body size, Pesisir cattle efficiently utilize lim-
ited space and thrive in tropical coastal re-
gions, making them a promising genetic re-
source for national beef production. Pheno-
typically, they are characterized by a brick-
red coat, distinct dorsal stripes, and small
body conformation, as defined by Indone-
sian agricultural regulations (Ministry of Ag-
riculture Decree No. 2908, 2011).

However, Pesisir cattle populations
are declining due to extensive farming prac-
tices, high slaughter rates of productive ani-
mals, limited feed availability, and a
shortage of breeding males (Udin et al.,

2017). Conservation efforts are essential to
preserve their genetic diversity and improve
productivity, with reproductive management
and fertility evaluation as key strategies.

In 2014, conservation initiatives led by
BPTU-HPT Padang Mengatas began focus-
ing on maintaining Pesisir cattle as breeding
stock. Nonetheless, reproductive perfor-
mance remains suboptimal, mainly due to
uncontrolled natural mating and lack of
structured sire selection, which increases in-
breeding risks and associated negative ef-
fects such as deformities and mortality
(Hendrik & Kalinowski, 2000; Meagher et al.,
2000).

Artificial insemination (Al) offers a via-
ble approach to reduce inbreeding and en-
hance reproductive efficiency by optimizing
sire utilization (Arifiantini, 2012). However,
Al application in Pesisir cattle faces chal-
lenges, including the approximately 30%
sperm loss during semen cryopreservation
that reduces fertility (Susilawati et al., 2016).
Moreover, Pesisir semen availability re-
mains limited and has yet to meet national
quality standards. Due to their small size,
Pesisir cows require breed-specific semen
to avoid dystocia, emphasizing the need for
high-quality frozen semen from Pesisir bulls
(Afriani et al., 2019).

Sperm kinematic analysis has been
conducted on various cattle breeds, includ-
ing Holstein, Brahman, Bali, Madura,
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Limousin, Ongole, and Simmental. The
most recent study on Pesisir cattle semen
using Computer-Assisted Sperm Analysis
(CASA) was reported by Wahyudi et al.
(2023), which examined sperm kinematics
following Bovine Serum Albumin (BSA)
treatment. However, baseline data on the
kinematics of fresh and frozen semen in
Pesisir cattle have not yet been reported.
Therefore, this study aims to evaluate the
sperm kinematics of fresh and frozen semen
of Pesisir cattle as part of efforts to conserve
Indonesia’s local cattle genetic resources,
particularly those originating from West Su-
matra.

MATERIALS AND METHOD

Study Location and Period

This study was conducted at the Artifi-
cial Insemination Laboratory, UPTD BPTSD
Tuah Sakato, Payakumbuh, West Sumatra,
from February 1 to August 8, 2024.

Semen Collection

The semen extender used was Tris-
egg yolk (TKT). Semen was collected using
an artificial vagina (AV) after preparing the
bull, teaser animal, restraining chute, and
AV set. The AV was assembled, filled with
warm water (40-52°C), and lubricated exter-
nally up to one-third of its length. Bulls were
trained prior to collection to reduce stress
and minimize injury. Collected semen was
immediately transported to the laboratory for
evaluation.

Semen Quality Evaluation
Fresh Semen Evaluation

Fresh semen evaluation included both
macroscopic and microscopic assessments.
Macroscopically, the volume was measured

directly from the collection tube, while color,
consistency, and odor were visually and
physically assessed.

Microscopic evaluation included mass
motility, sperm concentration, progressive
motility, viability, morphological abnormali-
ties, and plasma membrane integrity. Mass
motility was observed under a light micro-
scope at 100x magnification with reduced
light. It was graded based on the strength of
wave motion, ranging from no movement
(—) to strong wave motion (+++).

Fresh Semen Quality Evaluation of
Pesisir Bulls

Fresh semen kinematics of Pesisir
cattle were evaluated using a Computer-As-
sisted Semen Analysis (CASA). A diluted
semen sample was placed on a pre-warmed
slide and analyzed under a microscope con-
nected to the CASA system. Parameters ob-
served included total motility, progressive
motility, VCL (curvilinear velocity), VSL
(straight-line velocity), VAP (average path
velocity), ALH (amplitude of lateral head dis-
placement), and BCF (beat cross fre-
quency).

Data Analysis

This study involved two treatment
groups: fresh and frozen semen from Pesisir
cattle. Semen was collected from two bulls,
with 16 replicates per treatment. Data were
analyzed using independent t-tests to com-
pare the groups. Results are presented as
mean + standard deviation (SD) in tables.

RESULTS AND DISCUSSION
Semen evaluation is a method used to

determine the quality of collected spermato-
zoa.

Table 1. Evaluation of fresh and frozen semen of Pesisir cattle

Parameter Fresh Semen = SD Frozen Semen = SD
Viability (%) 87.31£1.52 74.10+2.64
MPU (%) 85.51+1.33 72.54+3.40
Abnormalities (%) 3.07+£0.83 10.44+1.74

The viability of fresh and frozen semen
of Pesisir cattle is higher compared to sperm
motility. This is because some spermatozoa
are alive but not motile, which lowers the
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motility value. Muzakkir et al. (2017) re-
ported that the percentage of live
spermatozoa is generally higher than the
percentage of motile spermatozoa, as some



live sperm are not progressively motile but
remain alive and thus are not stained during
the viability assessment.

Intact plasma membrane (IPM) refers
to spermatozoa with preserved membrane
integrity. The average percentage of sper-
matozoa with intact membranes in fresh and
frozen semen of Pesisir cattle, based on 16
collections, was 85.51% for fresh semen
and 72.54% for frozen semen. The decline
in IPM quality is caused by the increasing
duration of storage, which leads to a
decrease in the percentage of intact plasma
membranes. Susilawati (2011) reported that
lipoproteins and lecithin play a role in main-
taining and protecting the integrity of the
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spermatozoa plasma membrane, thereby
reducing damage to the membrane.

Spermatozoa abnormalities are physi-
cal defects of the sperm cells, which can be
classified into two categories: primary and
secondary abnormalities. The results of the
study on Pesisir cattle semen, obtained from
16 collections, showed an average abnor-
mality rate of 3.07% in fresh semen and
10.44% in frozen semen. In this study, the
increase in abnormalities is suspected to be
influenced by a decrease in semen pH, os-
motic pressure, and the effects of cold shock
occurring from the fresh semen stage up to
just before the freezing process.

Table 2. Kinematic fresh and frozen semen of Pesisir cattle

Parameter Fresh Semen £ SD Frozen Semen £ SD Difference
VCL (um/s) 178.94+16.31 108.52+28.83 70.42
VSL (um/s) 96.61+12.19 49.34+21.22 47.27
VAP (um/s) 114.99+11.98 64.04+19.72 50.95
LIN (%) 0.53+0.04 0.44+0.07 0.094
STR (%) 0.83+0.02 0.75+0.07 0.084
WOB (%) 0.64+0.03 0.58+0.04 0.053
ALH (um) 5.83+0.49 5.15+0.73 0.684
BCF (Hz) 35.28+3.00 24.65+6.29 10.625

Velocity or movement speed pattern of
spermatozoa in fresh and frozen semen of
Pesisir cattle exhibits distinct kinematic
characteristics. The average VCL value
(curvilinear velocity) for fresh semen from 16
collections was 178.94 um/s, while for fro-
zen semen it was 108.52 uym/s. The VCL
kinematics obtained in this study were lower
compared to the results of a previous study
by Hendri et al. (2024), which reported a cur-
vilinear velocity of frozen-thawed Pesisir
cattle semen of 111.82 £ 8.77 uym/s at 37°C
after 30 seconds. These results are higher
than those reported by Sarastina et al.
(2006), VCL values of 121.04 pm/s and
117.34 um/s for Bali and Madura cattle, re-
spectively. The VCL value only indicates the
strength of spermatozoa movement but
does not provide information about sperma-
tozoa progressiveness or the direction of
movement (Perreault, 2002).

The LIN value represents the linearity
or straightness of spermatozoa swimming
movement (El-Bahrawy et al., 2017). The
LIN kinematics obtained in this study were

higher compared to the results of a previous
study by Hendri et al. (2024), which reported
a linearity value of 0.36 + 0.01 for frozen-
thawed Pesisir cattle semen at 37°C after 30
seconds.

STR (straightness of the linear curve
path), was 0.833 for fresh semen and 0.75
for frozen semen. The STR kinematics ob-
tained in this study were higher compared to
the results of a previous study by Hendri et
al. (2024), which reported a straightness
value of 0.65 £ 0.2 for frozen-thawed Pesisir
cattle semen at 37°C after 30 seconds. Fro-
zen semen spermatozoa on average move
in a linear manner, as indicated by LIN val-
ues greater than 0.35 and STR values
greater than 0.5.

The WOB (wobble) value of fresh se-
men was 0.64 + %, while that of frozen se-
men was 0.58 + %. The WOB kinematics ob-
tained in this study were higher compared to
the results of a previous study by Hendri et
al. (2024), which reported a wobble value of
0.55 £ 0.01 for frozen-thawed Pesisir cattle
semen at 37°C after 30 seconds. The WOB
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value of fresh Pesisir cattle semen in this
study was approximately 0.64%, while that
of frozen semen was 0.58%. These results
are comparable to those of other local cattle
breeds, such as Bali and Madura cattle,
which had WOB values of 0.60% and
0.62%, respectively (Sarastina et al., 2006).

The ALH (Amplitude of Lateral Head
displacement) value is obtained through a
mathematical calculation of the maximum
excursion distance from the sperm's trajec-
tory and the average path distance. In this
study, the ALH value for fresh semen was
5.38 £ um, while for frozen semen it was
5.15 £ um. The ALH kinematics obtained in
this study were lower compared to the re-
sults of a previous study on frozen Pesisir
cattle semen conducted by Hendri et al.
(2024), which reported an ALH value of 6.25
1 0.30 ym at 37°C within 30 seconds. Sperm
loses energy due to oxidative stress and de-
creased seminal plasma quality, resulting in
inefficient movement. This energy loss can
reduce ALH movement, as the sperm is un-
able to produce optimal motion. According
to Chatiza et al. (2012), changes in move-
ment patterns are caused by flagellar activ-
ity, which occurs when spermatozoa un-
dergo capacitation. In this study, the Pesisir
bull sperm had not yet undergone the ca-
pacitation process. However, the spermato-
zoa exhibited a shift toward hyperactive mo-
tility, indicated by ALH values = 7 uym (Ver-
stegen et al., 2002), and they are capable of
penetrating cervical mucus when the ALH
reaches 4.5 ym (Mortimer, 1997).

BCF (Beat Cross Frequency) is calcu-
lated based on the number of times a sper-
matozoon crosses its average path per sec-
ond. In this study, the BCF value of fresh se-
men was 35.28 + 3.00 Hz, while that of fro-
zen semen was 24.65 + 6.29 Hz. The BCF
kinematics obtained in this study were
higher compared to the findings of a previ-
ous study on frozen Pesisir cattle semen
conducted by Hendri et al. (2024), which re-
ported a BCF value of 19.36 = 1.70 Hz at
37°C within 30 seconds.

The frequency of spermatozoa with
progressive motility is 60 hertz; the lower fre-
quency is due to decreased temperature
and the cessation of progressive movement
(Sarastina et al., 2006). The study by Saras-
tina et al. (2006) reported that the BCF value
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for Bali cattle was 30.24 Hz and for Madura
cattle was 34.76 Hz. Sarastina et al. (2006)
stated that the values of VCL, VAP, VSL,
ALH, and BCF are spermatozoa motion var-
iables that serve as indicators of fertility and
are highly correlated with the probability of
successful pregnancy.

CONCLUSION

Based on the results of this study, it
can be concluded that the kinematic evalua-
tion of spermatozoa revealed a decrease in
the motility characteristics of fresh semen
after the freezing process, as observed us-
ing a Computer Assisted Sperm Analyzer
(CASA). The velocity of spermatozoa in
fresh semen falls into the hyperactive cate-
gory, while the velocity in frozen semen is
classified as low.
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