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ABSTRACT

This study aimed to determine the optimal concentration of Marigold® antioxidant suplemented
in a Tris-egg yolk (TEY) extender to maintain the quality of liquid semen from Peranakan On-
gole (PO) bulls. Semen samples were extended in TEY without antioxidant (PO, control) or
supplemented with Marigold® extract at concentrations of 0.002% (P1), 0.004% (P2), and
0.006% (P3). Semen quality was evaluated based on macroscopic characteristics (volume,
colour, pH, and consistency) and microscopic parameters (mass motility, progressive motility,
viability, plasma membrane integrity (PMI), and morphological abnormalities). Fresh semen
exhibited an average volume of 5.25+0.8 mL, creamy colour, pH 6.81£0.13, mass motility (++),
abnormalities 4.11£0.8%, viability 86.12+6.2%, PMI 77.21+5.3%, and progressive motility
85.44+2.41%. Supplementation with Marigold® antioxidant significantly influenced microscopic
parameters during storage at 4 °C. Sperm abnormalities increased with storage duration, par-
ticularly in P3 on day 2. Treatment with 0.004% Marigold® (P2) effectively maintained motility
and PMI up to day 6, while 0.006% (P3) preserved viability and PMI up to day 10. The addition
of Marigold® extract to the TEY extender improved the preservation of PO bull semen quality
during 10 days of storage at 4 °C. A concentration of 0.004% was optimal for maintaining sperm
quality in the short term (up to day 6), whereas 0.006% provided stronger protective effects
during prolonged storage (up to day 10).

Keywords: Marigold® antioxidant, Local cattle, Ongole crossbreed (PO) cattle

ABSTRAK

Penelitian ini bertujuan untuk mengetahui konsentrasi optimal antioksidan Marigold® dalam
pengencer Tris-kuning telur (TKT) untuk mempertahankan kualitas semen cair sapi Peranakan
Ongole (PO). Semen diencerkan dengan pengencer TKT (P0) yang ditambahkan ekstrak Mar-
igold® 0,002% (P1), 0,004% (P2), dan 0,006% (P3). Kualitas semen dievaluasi secara mak-
roskopis (volume, warna, pH, konsistensi) dan mikroskopis (gerakan massa, motilitas, viabili-
tas, MPU, abnormalitas). Kualitas semen segar menunjukkan rata-rata volume 5,25+0,8 ml,
warna krem, pH 6,8+0,13, gerakan massa (++), abnormalitas 4,1+0,8%, viabilitas 86,12+6,2%,
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MPU 77,21+5,3%, serta motilitas progresif 85,44+2,41%. Penambahan ekstrak Marigold® me-
mengaruhi parameter mikroskopis selama penyimpanan pada suhu 0-4°C. Abnormalitas
meningkat seiring waktu, terutama pada P3 hari ke-2. P2 mempertahankan motilitas dan MPU
hingga hari ke-6, sedangkan P3 menjaga viabilitas dan MPU hingga hari ke-10. Kesimpulannya
penelitian ini adalah penambahan antioksidan Marigold® ke dalam pengencer TKT dapat mem-
pertahankan kualitas semen dan berpengaruh positif terhadap kualitas semen cair sapi PO
selama masa penyimpanan 10 hari suhu 4°C. Perlakuan 0,004% efektif mempertahankan
kualitas spermatozoa hingga hari ke-6, sedangkan perlakuan 0,006% memberikan efek protek-

tif dalam jangka panjang (hingga hari ke-10).

Kata kunci: Antioksidan marigold®, Sapi lokal, Sapi Peranakan Onggole (PO)

INTRODUCTION

Ensuring an adequate supply of ani-
mal protein remains a national priority in In-
donesia, as demonstrated by the govern-
ment’'s beef self-sufficiency program tar-
geted for 2026. However, rapid population
growth, reaching 281.6 million people in
2024 (BPS, 2024), has outpaced improve-
ments in both the quantity and quality of do-
mestic cattle production. One strategy ap-
proach to support this program is the genetic
improvement and sustainable utilization of
indigenous cattle resources, particularly
Peranakan Ongole (PO) cattle. PO cattle
are descendants of the Ongole breed origi-
nally imported from India in the early 20th
century and have undergone long-term ad-
aptation and genetic stabilization under In-
donesian tropical conditions, especially on
Sumba Island. This breed is well recognized
for its high adaptability to harsh tropical en-
vironments, tolerance to low-quality feed re-
sources, and resistance to parasites
(Khoirunnisa and Utomo, 2024).

Artificial insemination (Al) has been
widely implemented to enhance beef cattle
productivity; however, its success is highly
dependent on semen quality, technical pro-
ficiency, and the effectiveness of semen
preservation methods (Mulu et al., 2018).
Semen extenders play a crucial role in main-
taining spermatozoa viability and motility
during storage. Among various extenders,
Tris-based formulations are extensively
used due to their strong buffering capacity
and ability to preserve sperm motility during
cold storage (Arif et al., 2022). Despite these
advantages, semen preservation commonly
results in a 10-40% reduction in semen qual-
ity, primarily due to oxidative stress caused

by excessive production of reactive oxygen
species (ROS) during cooling and storage
(Baharun et al., 2017). Elevated ROS levels
can damage sperm plasma membranes, im-
pair mitochondrial function, reduce motility,
and ultimately compromise fertilization ca-
pacity (Qamar et al.,, 2023; Wang et al.,
2025).

To mitigate oxidative stress during se-
men preservation, supplementation of se-
men extenders with natural antioxidants has
received increasing attention. Several plant-
derived antioxidants, including green tea,
moringa leaf, and turmeric extracts, have
been reported to improve sperm motility, vi-
ability, and membrane integrity in cattle and
other livestock species (Authaida et al.,
2025). Nevertheless, research on the appli-
cation of Marigold® (Tagetes erecta) extract
in semen preservation remains limited and
is largely restricted to non-ruminant spe-
cies. Marigold® extract is rich in bioactive
compounds such as flavonoids and carote-
noids, which possess strong antioxidant
properties. Moreover, marigold is widely cul-
tivated, relatively inexpensive, and readily
available in tropical regions, making it a po-
tentially sustainable antioxidant source for
livestock applications. The lack of studies
evaluating its effects on ruminant semen,
particularly in indigenous cattle breeds, rep-
resents a significant knowledge gap.

Therefore, this study aimed to evalu-
ate the effects of different concentrations
of Marigold® (Tagetes erecta) extract sup-
plementation in a Tris-egg yolk (TEY) ex-
tender on the quality of PO cattle semen dur-
ing liquid storage at 4°C. By determining the
optimal concentration of Marigold® antioxi-
dant, this research introduces a novel ap-
proach to improving semen preservation
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with direct practical implications for Al pro-
grams. The application of Marigold®supple-
mented extenders not only offers a natural
and cost-effective antioxidant alternative but
also contributes to the conservation and
sustainable utilization of PO cattle as part of
Indonesia’s beef self-sufficiency strategy.

MATERIALS AND METHODS

Experimental Animals

Two selected PO bulls, approximately
5 years of age, were used as semen
sources. The bulls were housed individually
under standardized management conditions
in compliance with established animal wel-
fare standards. All animals were fed fresh
forage/grass at 10% of body weight and
concentrate at 1% of body weight, with
drinking water provided ad libitum.

Extender Preparation

The TEY extender was prepared using
a buffer solution consisting of 2.472 g Tris
(hydroxymethyl) aminomethane, 1.384 g cit-
ric acid, and 1.016 g fructose dissolved in
distilled water to a final volume of 100 mL.
The solution was homogenized throughly
and subsequently placed in a water bath,
heated indirectly for 10 minutes at 92-95 °C,
and then allowed to cool gradually to room
temperature. After cooling, antibiotics were
added under continuous stirring, followed by
the addition of fresh egg yolk, and mixed
thoroughly to ensure homogeneity. Ejacu-
lates that met the minimum quality stand-
ards were diluted with the prepared TEY ex-
tender for further evaluation.

Semen Collection and Evaluation

Semen was collected from PO cattle
using an artificial vagina in the morning, with
a collection frequency of twice per week.
Fresh ejaculates were immediately evalu-
ated both macroscopically and microscopi-
cally. Macroscopic assessments included

semen volume, colour, mass motility, and
pH (using special indicator paper, 6.4-8.0:
Merck®).

Progressive sperm motility was meas-
ured using computer-assisted sperm analy-
sis (CASA) instrument Androvision®
(Minitub-Germany). Sperm concentration
was determined with a photometer (SDM-6,
Minitib®, Germany). Sperm viability and
morphological abnormalities were assessed
using eosin-nigrosin staining. Plasma mem-
brane integrity was evaluated by mixing 10
pL of semen with 1 pL of hypo-osmotic
swelling (HOS) solution (prepared with 7.35
g sodium citrate and 13.52 g fructose in
1000 mL of distilled water).

Diluted semen samples were suple-
mented with Marigold® antioxidant accord-
ing to the following treatments: PO: TEY ex-
tender without Marigold® (control); P1: TEY
extender + 0.002% Marigold®; P2: TEY ex-
tender + 0.004% Marigold®; and P3: TEY
extender + 0.006% Marigold®. All extended
semen samples were stored at 4°C and
evaluated for progressive motility, sperm
kinematic parameters (CASA), and morpho-
logical abnormalities for up to 10 days of
storage.

Data Analysis

Data were analyzed using analysis of
variance (ANOVA) under a Completely Ran-
domized Design (CRD). When significant
differences (p<0.05) were detected, mean
comparison were performed using Duncan’s
Multiple Range Test (DMRT). All analyses
were conducted with SPSS software version
23 (IBM Corp., Armonk, NY, USA). Results
are presented as mean + standard deviation
(SD).

RESULTS AND DISCUSSION
Fresh semen from PO Cattle

The evaluation of fresh semen from
PO cattle is presented in Table 1.

Table 1. Evaluation of fresh semen from Ongole crossbred (PO) cattle

Parameters Average+SD
Macroscopic

Volume 5.25+0.80
Consistency Medium-thick
pH 6.8+0.13
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Parameters Average+SD
Colour Cream
Microscopic

Mass movement ++
Progressive motility (%) 85.44+2 41
Motility (%) 89.19+4 .40
Concentration (x 10°) 1666+0.30
Viability (%) 86.12+6.20
PMI (%) 77.21+5.30
Abnormality (%) 4.1+0.80
VAP (um/s) 101.954+5.88
VCL (um/s) 174.1216.54
VSL (um/s) 71.30+1.54
STR (%) 0.69+0.03
ALH (um/s) 6.07+0.50
BCF (%) 27.76+0.87

PMI (plasma membrane integrity), VAP (average path velocity), VCL (curve linier velocity), VSL (straight
line velocity), STR (straightness), ALH (amplitudo if lateral head movement), BCF (beat cros frequency).

Assessment of fresh semen is essen-
tial to determine semen quality prior to pro-
cessing into frozen semen suitable for Al.
The results showed that, macroscopically,
PO bull semen had an average volume of
5.25+0.8 mL, cream colour, medium to thick
consistency, and an acidity level (pH) rang-
ing from 6.0 to 7.0. Microscopic examination
showed ++ mass motility and 85.44+2.41%
progressive motility. The sperm concentra-
tion was 1666+0.3x10° mL-!, with sperm vi-
ability of 86.12+6.2%. The percentage of
sperm with intact plasma membranes was
77.2115.3%, while sperm abnormality were
recorded at 4.1+0.8%.

The observed macroscopic semen
characteristics are include volume, colour,
pH, and consistency. The semen volume of
5.25+0.8 mL obtained in this study aligns
with previous findings that reported PO cat-
tle semen volume ranging from 5.3 to 6.6
mL, with a whitish-yellow colour and me-
dium to thick consistency (Nugraha and
Pangestu 2023). Semen volume represents
the total ejaculate released in one ejacula-
tion and normally ranges from 4 to 8 mL
(Mangun et al. 2025). Semen consistency is
related to sperm density, where thicker se-
men indicates a higher concentration of
sperm in Pasundan bulls (Baharun et al.
2025).

The acidity level (pH) of semen in this
study was 6.81£0.13, consistent with previ-
ous studies reporting that fresh PO cattle
semen has a pH range of 6.3-7.0 (Sukirman

et al. 2019). Semen pH is a critical indicator
of sperm metabolic activity, where low pH
may indicate the accumulation of lactic acid
from sperm metabolic activity (Magun et al.
2025). Comparable semen characteristics
have been reported in Pasundan bulls, with
semen pH of 6.4 and medium-thick con-
sistency (Baharun et al. 2023).

Higher mass motility indicates a
greater likelihood of successful fertilization
(Said et al. 2025). In this study, the mass
motility of sperm was classified as good
(++). The normal range of sperm mass mo-
tility is categorized as good (++) to very good
(+++). These findings are consistent with
Sukirman et al. (2019), who reported that
PO bull sperm with mass motility scores of
++ to +++ and demonstrating progressive
movement in dense cloud-like formations
are considered to be within the normal cate-
gory and are suitable for further processing
in the Al

The average sperm concentration of
fresh semen from PO cattle in this study was
1666+0.30x108 mL-'. Previous researchers
reported that the average sperm concentra-
tion of PO bull was 1360+0.16 x10® mL" and
1480+£302.43 x10° mL"' (Sukirman et al.
2021; Nugraha and Pangestu 2023). Varia-
tion in bull sperm concentration are influ-
enced by genetic quality, scrotal volume,
and semen collection frequency (Murphy et
al. 2018; Wijayanti et al. 2023). The viability
of fresh semen in this study was
77.2115.3%. This value aligns with several
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previous studies that showed viability values
for fresh semen from PO bull ranged from
71.82% to 83.66% (Nugraha et al. 2022;
Yuniar et al. 2024).

The PMI test in this study yielded a
value of 89.19+4.4%. This is consistent with
previous research reports that found the
PMI of PO bull was 85.76+4.57, meeting the
requirements for freezing (Mangun et al.
2025). The intact plasma membrane results
of PO cattle in this study were higher than
the intact plasma membrane of Bali bull
(72.00+£2.71%) and  Pasundan  bull
(74.43+1.34%), the difference in PMI values
was due to differences in breeds in bull (Is-
kandar et al. 2022; Baharun et al. 2023).

The individual motility value of fresh
semen from PO cattle in this study was
89.1944.40%. This value falls within the nor-
mal range of fresh semen motility, which is
70-90%. Sperm motility below 40% gener-
ally indicates poor semen quality, as fertile
sperm typically exhibit progressive active
motility within the range of 50-80% (Mangun
et al. 2025).

Sperm abnormalities are an indicator
for assessing abnormalities in sperm mor-
phology. High levels of abnormalities can
potentially lead to infertility (Baharun et al.
2021). The percentage of sperm abnormali-
ties in this study was 4.1%, below the re-
quired abnormality rate. Previous reports
stated that abnormalities in fresh semen
from PO bull ranged from 0.50 to 3.50% (Su-
kirman et al. 2019). The percentage of fro-
zen semen abnormalities below 20% is in
accordance with Indonesian National Stand-
ard (SNI number: 4869.1:2024 for frozen se-
men bovine semen) frozen semen twhich is
still suitable for insemination (BSN 2024).

Based on the research results, the av-
erage progressive motility value was
85.44+2.41%. The sperm motility results
were suitable for further frozen semen pro-
cessing because they were 270%. Maotility is
a very important factor for sperm to pass
through the cervix. In fact, progressive mo-
tility helps sperm penetrate the cumulus
oophorus and zona pellucida ovum, thus en-
abling fertilization (Kudratullah et al. 2025).

The kinematic parameters were eval-
uated using a Computer Assisted Sperm
Analysis (CASA) system (Vision Version™
3.7.5, Minitube, Germany), including
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distance curve linear (DCL), distance aver-
age path (DAP), distance straight line (DSL),
velocity curve linear (VCL), velocity average
path (VAP), velocity straight line (VSL), line-
arity (LIN), straightness (STR), and wobble
(WOB). (Maulana et al. 2022). The average
values of VAP, VCL, and VSL in this study
were 101.95+5.88, 174.1246.54, and
71.30+1.54, respectively. Velocity is the
speed of sperm on a curved path (VCL), on
a straight path (VSL), and on the average
path of its flow (VAP) (Diansyah et al. 2022).
The VCL, VSL, and VAP values of fresh Ba-
linese bull semen were 133.62+10.08,
70.03+4.85, and VSL 45.50+3.6, respec-
tively (Diansyah et al. 2022). Reported VCL,
VSL, and VAP values in Ongole bull semen
in previous studies were 105.30%£12.15,
65.00+£10.01, 53.00+11.84 (Sarastina et al.
2020). VAP values greater than 25 pm/s,
with progressive movement speeds exceed-
ing 20 ym/s, can significantly impact fertili-
zation success (Santoso et al. 2024).

The average STR of fresh semen from
PO cattle in this study was 0.69+0.03. STR
is an indicator of progressive motility and
movement patterns. Previous studies re-
ported that the STR of Ongole bull was
0.81+0.08, Bali bull 0.82+0.07, and Madura
bull 0.85+0.05 (Sarastina et al. 2020).
Sperm with an average STR value greater
than 50% are capable of moving forward in
a linear trajectory (Santoso et al. 2024). The
average ALH and BCF values in this study
were 6.07+£0.50 and 27.76%0.87, respec-
tively. Previous studies reported that Ongole
bull had an ALH value of 4.02+0.77 and BCF
of 28.91+6.83 (Sarastina et al. 2020). In Bali
bull, ALH was 6.54+0.21 and BCF was
31.4940.63. An ALH value above 7 indicates
hyperactive sperm (Diansyah et al. 2022).
ALH is the degree of displacement or devia-
tion of the sperm head during its movement
and BCF is the frequency of sperm move-
ment per minute (Santoso et al. 2024).

Evaluation of PO Bull Liquid Semen
Microscopic evaluation of PO cattle
liquid semen sperm with a comparison of
Tris Egg Yolk control diluent (20%) and the
addition of marigold antioxidants is pre-
sented in Table 2. The amount of antioxi-
dants needed from marigold flower extract
with different concentrations aims to reduce



the occurrence of ROS. The addition of Mar-
igold® to liquid semen of PO cattle had a sig-
nificant effect (P<0.05) on the motility and vi-
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ability of individual sperm, but had no signif-
icant effect (P>0.05) on PMI and sperm ab-
normalities.

Table 2. Evaluation of sperm in Tris egg yolk-marigold® diluent with the addition of various concentra-

tions
Control (Average+SD) Marigold® (Average+SD)
Parameterers PO P1 7 P3
Motility (%) 77.37+7.22° 86.92+0.882  87.03+0.79% 81.73+0.99°
Viability (%) 95.38+2.132 89.36+0.98" 87.72+1.37° 88.58+1.55°
PMI (%) 92.00+4 .44 88.27+1.042 89.33+1.51° 89.57+2.792
Abnormality (%) 5.66+2.60° 5.96+0.582 4.39+0.47°2 5.11+0.822

ab Different superscripts in the same row indicate significant differences (P<0.05); P1= addition of mar-
igold® flower extract of 0.002%; P2 = 0.004%; and P3 = 0.006%.

Sperm motility increased in treatments
P1 (86.92%) and P2 (87.03%) compared to
the control (77.37%). Treatment P2 was still
not significantly different from the control,
but P3 (81.73%) was significantly different
from P2. The results of this study indicate
that certain concentrations of Marigold ex-
tract can increase sperm motility, but this in-
crease is not always linear. Motility serves
as a primary indicator of sperm quality and
its potential for successful fertilization (Ba-
harun et al. 2023). The viability of sperm in
liquid semen of PO bull with a comparison of
the control diluent TEY (20%) and the addi-
tion of a percentage of Marigold® extract in
this study showed a significant decrease
compared to the control (P<0.05). This de-
crease in viability is suspected to be due to
the toxic properties of Marigold extract
(Merdana et al. 2024). Marigolds contain fla-
vonoids, phenols, alkaloids, and tannins.
Previous research suggests that flavonoids
play a crucial role in reducing the effects of
ROS-induced cell damage. Flavonoids bind
to ROS by donating an H* ion. Phenols can
also be toxic and cause sperm death when
used in high doses (Waijdi et al. 2021).

The results of this study indicate that
the addition of Marigold® to TEY diluent
maintains the stability of the sperm plasma
membrane structure. TEY contains various
important components such as Tris (hy-
droxymethyl aminomethane), citric acid, and
fructose. The addition of antioxidants to the
diluent has significant benefits, including
preventing free radical activity that damages

sperm cell membranes, which can impact
sperm fertility (Wijayanti et al. 2023).

Sperm abnormalities in the liquid se-
men of PO cattle with a comparison of the
TEY control diluent (20%) and the addition
of various concentrations of Marigold extract
showed relatively similar average values
(P>0.05). The abnormality values in this
study ranged from 4.39 to 5.96, which are
still within the acceptable standard of less
than 20%, indicating that the semen remains
suitable for further treatment (Wijayanti et al.
2023). Baharun et al. (2023) reported that
post-thaw Limousin sperm exhibited the
lowest abnormality and highest normality
values at 37 °C compared to lower thawing
temperatures, thereby supporting the rec-
ommendation of this temperature as an op-
timal thawing protocol. Conversely, lower
thawing temperatures were associated with
increased sperm abnormalities and a reduc-
tion in the proportion of morphologically nor-
mal sperm.

The addition of Marigold® extract can
maintain sperm motility, but optimization of
the Marigold extract dose is still needed to
obtain maximum benefits without reducing
other important parameters. Benko et al.
(2019) Marigold flower extract has been
shown to improve sperm quality in Friesian
Holstein bulls, including increasing mito-
chondrial motility and activity, and protecting
sperm from damage caused by oxidative
stress. Marigold extract has the potential to
be used as an antioxidant protector to im-
prove the quality of frozen semen.
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Evaluation of sperm longevity in TEY-
Marigold® diluent

Evaluation of sperm longevity in TEY
diluent with the addition of Marigold® at dif-
ferent concentrations in a temperature devi-
ation of 4 °C in a refrigerator with observa-
tions for 6 times at 2 days (H) consisting of
observations of maoatility, viability, PMI and

abnormality parameters (Table 3). Sperm
longevity is the ability of sperm to survive at
a certain temperature (Sulistya et al. 2015).
Based on the analysis of variance, it shows
that the storage period has an effect sperm
motility, viability, PMI and abnormalities sig-
nificantly (P<0.05).

Table 3. Evaluation of longevity of liquid semen of PO cattle

Long storage

Treatments

P1

P2

P3

86.92+0.88%A
67.81+1.02"8
55.01+1.143¢
55.84+0.902°
42.15+2.36%°
40.94+2.80%

87.03+0.792A
63.83+0.32°8
58.84+2.03¢
61.06+1.330C
44.83+2.35%°
41.81+1.88%F

81.73+0.99A
62.22+1.39°8
60.51+0.62°C
57.97+1.71<C
41.71+3.66%°
37.04+1.56%

89.36+0.98"*
65.29+0.488
58.46+1.61a°
47.07+1.17°P
39.86+1.35a%F
38.08+1.74a"

87.72+1.37°
63.94+0.21°8
62.76+1.16"C
52.08+2.14P
42 .84+2.72a"F
41.30£0.99°F

88.58+1.55
60.24+0.924%
59.78+1.45
48.53+2.51%P
47.29+4 .92
42.73+1.89°F

88.27+1.04%A
70.00+0.1928
67.93+2.143¢
57.52+1.86°°
50.24+1.513E
45.72+1.51%F

89.33+1.51%A
75.97+1.07°8
65.68+0.66¢
59.13+1.72°P
52.31+2.132E
43.77+0.61°F

89.57+2.79%A
68.31+0.88
64.57+0.672C
54.99+2.33°0
48.43+1.29F
47.86+3.28F

days PO
Motility
HO 77.37+7.223A
H2 69.78+0.7238
H4 59.82+0.922¢
H6 60.37+1.26%¢
H8 44.93+1.15%0
H10 40.21+1.86°F
Viability
HO 95.38+2.133
H2 68.34+0.77%8
H4 60.43+1.55%
H6 47.24+2 862
H8 44.88+1.27°
H10 38.28+2.243F
PMI
HO 92.00+4.443A
H2 77.02+0.76%8
H4 63.70+1.83%
H6 63.76+2.092°
H8 50.49+1.18%
H10 40.22+2.05%F
Abnormality
HO 5.66+2.60%"
H2 14.65+0.21%8
H4 20.21£1.00%¢
H6 21.46£1.25%0
H8 26.16+1.22°
H10 27.18+1.203F

5.96+0.58%
16.61+0.448
16.74+1.19%C
22.59+1.042P
22.88+1.86°F
25.31+2.88°F

4.39+0.473A
16.88+0.98%8
20.65+1.342C
23.42+0.85%
24.64+1.8742E
25.41+2.56°°

5.1110.82%A
21.33+0.20°8
22.02+1.68C
23.16+1.60%°
25.71+0.97°
28.82+1.85%F

Different lowercase letters (*°) in the same row are significantly different (P<0.05); Different uppercase
letters (* B C D-E.-F}in the same column are significantly different (P<0.05); P1= Addition of marigold®

extract of 0.002%; P2 = 0.004%; and P3 = 0.006%.

Marigold® is known to contain active
compounds such as flavonoids, alkaloids,
tannins, and phenols, which function as nat-
ural antioxidants. Antioxidants play a role in
protecting sperm from damage caused by
ROS, which increases during storage at 0-
4°C. Treatment effectiveness varies de-
pending on the percentage and parameters
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observed. Treatment P2 showed optimal re-
sults in maintaining motility, viability, and
PMI in days 0-6. Meanwhile, treatment P3
was superior in maintaining viability and PMI
on days 8-10 and showed long-term effects
even though motility was not very high on
day 0, P1 and P2 produced significantly
higher motility compared to the control



(P<0.05), indicating that Marigold® can in-
crease the initial motility activity of sperm.
P2 treatment maintained better motility until
day 6. Storage days 8 and 10 showed no
significant difference between treatments
(P>0.05) indicating that the decrease in mo-
tility after day 6 is difficult to avoid even with
antioxidant treatment from Marigold®. Mara-
wali et al. (2019) reported that the motility of
Bali bull sperm was able to survive 40% until
the 3 days.

Viability showed a progressive decline
during storage across all treatments
(P<0.05). On day 0, the control (P0) had sig-
nificantly higher viability compared to treat-
ments with Marigold® (P1-P3) (P<0.05). On
days 6 to 10, P3 tended to produce higher
viability than the other treatments. This indi-
cates that Marigold® treatment P3 is able to
provide long-term protection against cell
death, presumably due to the antioxidant
content such as flavonoids and phenols that
can neutralize free radicals during storage.
Damaged sperm membranes are unable to
provide enzymes in the metabolic process,
so the availability of energy to maintain via-
bility is reduced (Sun et al. 2020). The natu-
ral antioxidants contained in marigold have
been shown to protect sperm from damage
caused by free radicals (Benko et al. 2019).

The PMI of PO bull decreased gradu-
ally (P<0.05) during the observation of lon-
gevity. On days 2 to 8, P2 had the highest
PMI value and was significantly different
compared to other treatments (P<0.05). On
day 10, the highest PMI occurred in treat-
ment P3. This indicates that P2 is more ef-
fective in the early stages of storage, while
P3 provides long-term protective effects by
slowing membrane damage due to accumu-
lated oxidative stress. The results of this
study are in line with previous research by
Iskandar et al. (2022) who reported that the
Intact PMI of Bali bull sperm from the first to
the fourth day of observation from all treat-
ments of the percentage of sugarcane water
extract diluent with the addition of egg yolk
showed a fairly high average, which is
above 60%. Furthermore, sperm viability de-
clined from 87.47% to 77.27%, and motility
dropped from 81.10% to 70.22% (p<0.05).
PM and PMI also showed significant reduc-
tions. The low PMI is associated with sperm
plasma membrane damage due to the
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generation of oxidative stress through the
cGMP mechanism. Increased intracellular
cGMP signals physiology responses
through two cyclic pathways: the cGMP-pro-
tein kinase G (PKG), cGMP-regulated phos-
phodiesterases (PDE2, PDE3), and cGMP-
gated cation channels mediated by PKG-
substrate-specific activation of PKG1 result
in decreased cytosolic calcium concentra-
tion and decreased sensitivity of myofila-
ments to Ca?* desensitization (Baharun et
al. 2023). Kinematic analysis showed a sig-
nificant decrease in VCL, VSL, and VAP
post-thaw. Additionally, parameters such as
STR, LIN, and BCF were found to be con-
siderably reduced (Diansyah et al. 2022).

Sperm abnormalities increased with
increasing storage time in all treatments
(P<0.05). On day 0, there was no significant
difference between Marigold extract treat-
ments, but day 2 showed that treatment P3
had the highest level of abnormalities. This
indicates that excessively high doses of
marigold extract (P3) have the potential to
cause oxidative stress or osmotic imbalance
and can trigger an increase in sperm mor-
phological abnormalities. Based on the re-
sults of the analysis of variance test, treat-
ment P1 provided relatively optimal protec-
tion against sperm structural damage until
day 4. Marigold® extract has the potential as
a protective agent for sperm morphology,
but must be used in optimal concentrations.
Research by Sumadiasa et al. (2022) re-
ported that guava filtrate in egg yolk-citrate
diluent was able to suppress sperm abnor-
malities far below the maximum standard
(20%) for up to 7 days of storage. Sperm
quality is largely determined by the structure
of the sperm cells.

CONCLUSION

The addition of Marigold® antioxidants
in the TEY extender at a concentration of
0.004% was effective in maintaining sperm
quality until day 6. Meanwhile, the 0.006%
treatment provided a stronger protective ef-
fectin the long term (up to day 10). The com-
bination of Marigold® antioxidants with
proper temperature management and stor-
age techniques has the potential to increase
the success of Al technology.

124



Improving Semen Quality of Peranakan Ongole Cattle... Hanafiet al.

ACKNOWLEDGMENTS

This study was supported by the Na-
tional Research and Innovation Agency
(BRIN) and Indonesia Endowment Fund for
Education Agency (LPDP) through Riset
dan Inovasi untuk Indonesia Maju (RIIM)
(Agreement Number: 114/IV/KS/11/2023
and 198/04/NK-X/X1/2023).

REFERENCES

[BPS] Badan Pusat Statistik. Penduduk,
Laju Pertumbuhan Penduduk, Distri-
busi Persentase Penduduk,
Kepadatan Penduduk, Rasio Jenis
Kelamin Penduduk Menurut Provinsi.
Badan Pusat Statistik Republik Indo-
nesia. (Diakses pada: 12 Agustus
2025).

[BSN] Badan Standarisasi Nasional.
Standar Nasional Indonesia (2024)
Semen Beku- Bagian 1: Sapi (RSNI3
4869-1:2024), Jakarta.

Arif AA, Maulana T, Kaiin EM, Purwantara
B, Arifiantini Rl (2022) The quality of
frozen semen of Limousin bull in vari-
ous semen diluents. Trop Anim Sci J
45:284-290.
https://doi.org/10.5398/tas|.2022.45.3
284

Authaida S, Boonkum W, Chankitisakul V
(2025) Enhancement of semen cryo-
preservation from native Thai bulls
through Moringa oleifera leaf extract
supplementation. Animals 15(3):439.
https://doi.org/10.3390/ani150304 39

Baharun A, Arifiantini RI, Yusuf TL (2017)
Freezing capability of Pasundan bull
sperm using Tris-egg yolk, Tris-soy,
and Andromed® diluents. Indonesian
Journal of Veterinary Sciences
11(1):45-49.
https://doi.org/10.21157/j.ked.he-
wan.v11i1.5810

Baharun A, Pertiwi PPP, Rahmi A, Rach-
madanti NC, Handarini R, Iskandar H,
Samsudewa D, Maulana T, Said S,
Darussalam |, Nurcholis N, Arifiantini
RI. 2025. Frozen semen quality of
Pasundan bulls with different individ-
ual variations. Open Vet J 15(1):244-
251.

125

https://doi.org/10.5455/0VJ.2025.v15
.i1.22

Baharun A, Rahmi A, Handarini R, Maulana
T, Said S, Iskandar H, Darussalam |,
Nalley W, Arifiantini R (2024) Semen
quality and frozen semen production
in Pasundan bulls: A molecular weight
perspective on seminal plasma and
spermatozoa protein. J Adv Vet Anim

Res 10(4):730-737.
https://doi.org/10.5455/javar.2023.j72
8

Baharun A, Said S, Arifiantini RI, Karja
NWK. Correlation between age, tes-
tosterone and adiponectin concentra-
tions, and sperm abnormalities in Sim-
mental bulls. Vet World 14(8):2124-
2130. https://doi.org/10.14202/vet-
world.2021.2124-2130

Baharun A, Setiawan AB, Rahmi A, Iskan-
dar H, Gunawan M, Anwar S, Maulana
T, Kaiin EM, Said S (2023) Frozen se-
men characteristics of Limousin bulls
at different ages. Trop Anim Sci J
46(3):306-312.
https://doi.org/10.5398/tas|.2023.46.3
-306

Benko F, Palkovitova V, Duratka M, Arvay
J, Luka¢ N, Tvrda E (2019) Antioxidant
effects of marigold (Calendula offici-
nalis) flower extract on the oxidative
balance of bovine spermatozoa. J
Contemporary Agri 68(3-4):92-102.
https://doi.org/10.2478/contagri-2019-
0015

Diansyah AM, Yusuf M, Latief Toleng A, |h-
san Andi Dagong M (2022). Charac-
teristic and kinematics of bali-
polled bull sperms. J Adv Vet Anim
Res 10(8):1787-1796.
https://doi.org/10.17582/jour-
nal.aavs/2022/10.8.1787.1796

Iskandar H, Sonjaya H, Arifiantini RI, Hasbi
H. The quality of fresh and frozen se-
men and its correlation with molecular
weight of seminal plasma protein in
Bali cattle. Trop Anim Sci J 45(4):405-
12.
https://doi.org/10.5398/tas|.2022.45.4
405

Khoirunnisa A, Utomo S (2024) Pengaruh
masa simpan dalam nitrogen cair ter-
hadap kualitas sperma beku sapi



https://doi.org/10.5398/tasj.2022.45.3.284
https://doi.org/10.5398/tasj.2022.45.3.284
https://doi.org/10.3390/ani15030439
https://doi.org/10.21157/j.ked.hewan.v11i1.5810
https://doi.org/10.21157/j.ked.hewan.v11i1.5810
https://doi.org/10.5455/OVJ.2025.v15.i1.22
https://doi.org/10.5455/OVJ.2025.v15.i1.22
https://doi.org/10.5455/javar.2023.j728
https://doi.org/10.5455/javar.2023.j728
https://doi.org/10.14202/vetworld.2021.2124-2130
https://doi.org/10.14202/vetworld.2021.2124-2130
https://doi.org/10.5398/tasj.2023.46.3.306
https://doi.org/10.5398/tasj.2023.46.3.306
https://doi.org/10.2478/contagri-2019-0015
https://doi.org/10.2478/contagri-2019-0015
https://doi.org/10.17582/journal.aavs/2022/10.8.1787.1796
https://doi.org/10.17582/journal.aavs/2022/10.8.1787.1796
https://doi.org/10.5398/tasj.2022.45.4.405
https://doi.org/10.5398/tasj.2022.45.4.405

Peranakan Ongole. J Anim Prod
Tech 1:73-84.

Kudratullah, Arifiantini RI, Yuliani E, Pard-
ede BP, Said S, Purwantara B (2025)
Semen characterictics, freezability,
and application of motility-based pro-
tein markers (proAKAP4) in assessing
the suitability of superior Bali bulls
(Bos sondaicus) at the Regional Al
Center. Reprod Breed 4(4):279-286.
https://doi.org/10.1016/j.rep-
bre.2024.09.005

Mangun M, Duma Y, Baharun A, Handarini
R, Said S, Putra WPB, Kaiin EM,
Pardede BP, Maulana T (2025) Sperm
parameter variability in Donggala
bulls: An objective-based analysis of
frozen semen quality. J Adv Vet Anim

Res 12(3):832-839.
https://doi.org/10.5455/javar.2025.194
5

Marawali Al, Abdullah MS, Jalaludin J
(2019) Efektivitas suplementasi filtrat
jambu biji dalam pengencer airkelapa-
kuning telur terhadap kualitas semen
cair sapi Bali. J Vet 20:20.
https://doi.org/10.19087/jveter-
iner.2019.20.1.20

Maulana T, Agung PP, Gunawan M, Said S.
Computer aided semen analysis
(CASA) to determine the quality and
fertility of frozen thawed Sumba On-
gole sperm supplemented with amino
acids. Livest Anim Res 20(2):194-201.
https://doi.org/10.20961/lar.v20i2.587
54

Merdana IM, Nandita IL, Elia P, Ida Ayu
Pasti Apsari, Gorda IW, Sudimartini
LM (2024) Phytochemical test and an-
tioxidant activity of aqueous extract of
marigold Flower. ATBES 8:101-107.
https://doi.org/10.24843/AT-
BES.2024.v08.i02.p08

Mulu M, Moges N, Adane (2018) Review on
process, advantages and disad-
vantage of artificial insemination in
cattle. Inter J Vet Sci Anim Husbandry
3(6):08-13.

Murphy EM, Kelly AK, O’'maera C, Eivers B,
Lonergan P, Fair S. influence of bull
age, ejaculate number, and season of
collection on semen production and
sperm motility parameters in Holstein
Friesian bulls in a commercial artificial

J Bioteknol Biosains Indones — Vol 13 No 1 Thn 2026

insemination centre. J Anim Sci
96(6):2408-2418.
https://doi.org/10.1093/jas/sky130

Nugraha CD, Pangestu DD (2023)
Pengaruh konsentrasi antioksidan
genisteine terhadap kualitas semen
sapi peranakan ongole selama proses
penyimpanan suhu dingin. Prosiding
Seminar Nasional Teknologi dan Agri-
bisnis Peternakan X Fakultas Peter-
nakan Universitas Jenderal Soedir-
man 393-399.

Nugraha CD, Widodo N, Kuswati K, Suyadi
S (2022) The real potential of semen
production of Bali bull: over year ob-
servation at Singosari National Artifi-
cial Insemination Center (SNAIC),
Singosari-Indonesia. E3S Web Conf
335:00045.
https://doi.org/10.1051/e3sconf/2022
33500045

Qamar AY, Naveed MI, Raza S, Fang X,
Roy PK, Bang S, et al. (2023) Role of
antioxidants in fertility preservation of
sperm- A narrative review. Animal Bi-
oscience 36(3):385-403.
https://doi.org/10.5713/ab.22.0325

Said S, Diansyah AM, Rahayu JD, Maulana
T, Gunawan M, Kaiin EM. A compara-
tive of semen quality traits and sperm
kinematic parameters in relation to fer-
tility prediction in Murrah buffaloes. J
Adv Vet Anim Res 12(3):751-759.
https://doi.org/10.5455/javar.2025.193
8

Santoso, Sitaresmi Pl, Mahari DA, Anwar
RI, Lupitasaria FB, Herdis, Arifiantini
Rl (2024) Sperm kinematic character-
istics of pasundan bulls during frozen
semen processing. IOP Conf Ser:
Earth Environ Sci 1341:012005.
https://doi.org/10.1088/1755-
1315/1341/1/012005

Sarastina S, Susilawati T, Ciptadi G (2020)
Analisa beberapa parameter motilitas
spermatozoa pada berbagai bangsa
sapi menggunakan computer assisted
semen analysis (CASA). J Ternak
Trop 6(2):1-12.

Sukirman |, Sukmawati E, Rasad SD,
Solihati N (2019) The influence of
breed and type of extender on the
quality of bull semen. AnimProd
21(2):64-70.

126


https://doi.org/10.1016/j.repbre.2024.09.005
https://doi.org/10.1016/j.repbre.2024.09.005
https://doi.org/10.5455/javar.2025.l945
https://doi.org/10.5455/javar.2025.l945
https://doi.org/10.19087/jveteriner.2019.20.1.20
https://doi.org/10.19087/jveteriner.2019.20.1.20
https://doi.org/10.20961/lar.v20i2.58754
https://doi.org/10.20961/lar.v20i2.58754
https://doi.org/10.24843/ATBES.2024.v08.i02.p08
https://doi.org/10.24843/ATBES.2024.v08.i02.p08
https://doi.org/10.1093/jas/sky130
https://doi.org/10.1051/e3sconf/202233500045
https://doi.org/10.1051/e3sconf/202233500045
https://doi.org/10.5455/javar.2025.l938
https://doi.org/10.5455/javar.2025.l938
https://doi.org/10.1088/1755-1315/1341/1/012005
https://doi.org/10.1088/1755-1315/1341/1/012005

Improving Semen Quality of Peranakan Ongole Cattle... Hanafiet al.

Sumadiasa IWL, Yuliani E, Lukman L (2022)

Effect of guava filtrate supplementa-
tion in tris and citrate-based extenders
on spermatozoa quality of Brangus
bull after sex-rest. Adv Anim Vet Sci
11(1):150-158.
https://doi.org/10.17582/jour-
nal.aavs/2023/11.1.150.158

Sun WS, Jiang J, Sun J, Zhang X, Bao R,

Ding P, et al (2020) The effect of cryo-
preservation on the acrosome struc-
ture, enzyme activity, motility, and fer-
tility of bovine, ovine, and goat sperm.
Anim  Reprod 17(4):e20200219.
https://doi.org/10.1590/1984-3143-
ar2020-0219

Waijdi SA, Utomo B, Rimayanti R, Safitri E,

127

Suprayogi TW, Wurlina W (2021)
Suppementation of kelor leaf (Moringa
oleifera) aqueous extract increase on
post-thawed Limousin bull sperm
quality. J Med Vet 4:249.
https://doi.org/10.20473/imv.vol4.iss2
.2021.249-255

Wang Y, Fu X, Li H (2025) Mechanisms of

oxidative stress-induced sperm dys-
function. Front Endocrin 16:1520835.
https://doi.org/10.3389/fendo.2025.15
20835

Wijayanti A, Suprayogi TW, Prastiya RA,

Hernawati T, Sardjito T, Saputro AL,
Amaliya A, Sulistyowati D (2023) Ef-
fect of addition of green tea extract
(Camellia sinensis) in egg yolk tris di-
luter on spermatozoa quality in Bali
cattle (Bos sondaicus) after freezing. J
Med Vet 6(1):66-74.
https://doi.org/10.20473/jmv.vol6.iss1
.2023.66-74

Yuniar RM, Kusumawati A, Setyawan EMN

(2024) Efek penambahan antioksidan
selenium, kurkumin dan kombinasinya
terhadap motilitas, recovery rate dan
viabilitas spermatozoa pada kriopres-
ervasi semen sapi Peranakan Ongole.
J Sain Vet 42(3):389.
https://doi.org/10.22146/jsv.85255



https://doi.org/10.17582/journal.aavs/2023/11.1.150.158
https://doi.org/10.17582/journal.aavs/2023/11.1.150.158
https://doi.org/10.1590/1984-3143-ar2020-0219
https://doi.org/10.1590/1984-3143-ar2020-0219
https://doi.org/10.20473/jmv.vol4.iss2.2021.249-255
https://doi.org/10.20473/jmv.vol4.iss2.2021.249-255
https://doi.org/10.3389/fendo.2025.1520835
https://doi.org/10.3389/fendo.2025.1520835
https://doi.org/10.20473/jmv.vol6.iss1.2023.66-74
https://doi.org/10.20473/jmv.vol6.iss1.2023.66-74
https://doi.org/10.22146/jsv.85255

