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ABSTRACT 22F20

caos=93 X4
The quality of frozen semen from Saanen goats plays a vital role in the success of artificial insemination. The gﬁ 2 2 )
present study aimed to evaluate the effects of different semen diluents on post-thaw semen quality and sperm 2 & i g =
kinematic parameters using computer-assisted sperm analysis (CASA). Fresh semen samples were obtained from , » £ & jZ>
two 3-4-year-old Saanen goats, weighing 64 kilograms and 92 kilograms, with an average fresh motility of 80%. & ui: - —
Semen quality was assessed under a microscope, focusing on motility, viability, abnormalities, concentration, and 5 & ‘Nﬂ & >
total motile spermatozoa. In the current laboratory experiment, five treatment groups were used with 10 replicates. g &3 g Pyl
The first group served as the negative control and consisted of tris-egg yolk without Aquilaria malaccensis leaf N R -
extract, the second group contained tris-egg yolk with 0.10 mg of Aquilaria malaccensis leaf extract, the third group ) 0
consisted of tris-egg yolk with 0.15 mg of Aquilaria malaccensis leaf extract, the fourth group contained tris-egg § E

yolk with 0.20 mg of Aquilaria malaccensis leaf extract, and the fifth group received the AndroMed® (positive
control). The present results indicated that the use of different diluents had a significant effect on post-thawing
semen quality, including motility, progressive motility, average path distance, curved line distance, straight line
distance, average path velocity, straight line velocity, curvilinear velocity, amplitude of lateral head, beatcross
frequency, and wobble. However, there was no significant difference in post-thawing semen quality in terms of
individual motility, viability, abnormalities, concentration, total motile spermatozoa, straightness, and linearity. The
use of tris-egg yolk diluents supplemented with Aquilaria malaccensis leaf extract at a concentration of 0.10 mg and
AndroMed® indicated that the highest results among all treatments were demonstrated by the highest post-thaw
semen quality.

Keywords: Antioxidant, Aquilaria malaccensis, Sperm kinematic, Saanen goat
INTRODUCTION

The agricultural and livestock sectors in Indonesia have exhibited significant development and are considered promising
contributors to future economic growth. Livestock husbandry, particularly the production of small ruminants such as
goats, constitutes a vital component of the agricultural sector. Recent statistics from the Central Statistics Agency of
Indonesia reported that the goat population in Indonesia was approximately 15.7 million head (Directorate General of
Livestock and Animal Health Services, 2024). Saanen goats are among the most important dairy goat breeds due to their
high milk production capacity and adaptability to diverse environmental conditions (Zelji¢ Stojiljkovi¢ et al., 2025).
Previous studies reported that Saanen goats produced an average of 2.55 kg of milk per day, a yield that was higher than
that of most dairy goat breeds (Ferro et al., 2017). Therefore, Saanen goats were extensively used as a genetic foundation
for dairy goat improvement programs worldwide (Upadhyay et al., 2024). Genetic quality improvement in livestock can
be achieved by increasing livestock productivity through the application of artificial insemination (Al) technology
(Mansour, 2025).

Artificial insemination improves reproductive performance and pregnancy outcomes while reducing the need to
maintain breeding males, thereby increasing production efficiency (Ayantoye et al., 2025). The success of Al is largely
dependent on the quality of frozen-thawed semen. Luo et al. (2019) reported that outcomes are influenced by post-thaw
semen quality, the timing of insemination, and the effectiveness of estrus synchronization protocols. Sharafi et al. (2022)
reported that the cryopreservation of goat semen is associated with several physiological challenges due to the high
sensitivity of spermatozoa to cold shock. During cooling, freezing, and thawing, sperm cells may experience membrane
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damage, reduced motility, osmotic stress, and elevated reactive oxygen species (ROS) levels, which can ultimately
impair semen quality. The ROS-induced oxidative stress is a major factor contributing to sperm damage during
cryopreservation. High ROS levels can lead to DNA fragmentation, lipid peroxidation, acrosomal damage, and
mitochondrial dysfunction, all of which reduce sperm viability and fertilization capacity (Wang et al., 2025). Therefore,
the quality of semen after thawing is often lower than that of fresh semen, underscoring the need to develop appropriate
diluents that protect spermatozoa from oxidative stress. Zhang et al. (2022) further indicated that excessive ROS disrupts
plasma membrane integrity, acrosome integrity, sperm motility, and fertilization function.

The effectiveness of a semen diluent depends on its ability to provide metabolic substrates, maintain
physicochemical stability, protect sperm membrane integrity, and minimize cryoinjury during freezing and thawing
(Bustani and Baiee et al., 2021). Liang et al. (2023) reported that goat semen cryopreserved with Optidyl® (egg yolk-
based) and Andromed® (soybean lecithin-based) diluents exhibited significantly higher post-thaw sperm motility than
semen preserved in skim milk-based diluents. Moreover, semen frozen with skim milk diluent demonstrated lower
membrane integrity, acrosome integrity, and mitochondrial activity after thawing. Different types of diluents frequently
used in semen cryopreservation include tris-egg yolk and skim milk. In addition to conventional diluents, commercial
formulations such as AndroMed® and Ovixcell® have been developed and are widely used for the cryopreservation of
Saanen goat semen due to their standardized composition and protective effects on sperm quality (Nisfimawardah et al.,
2023). Adding 2% of the natural antioxidant black cincau leaf extract to skim milk yolk diluent resulted in a 50.40%
increase in motility compared to 43.42% without the addition (Wahjuningsih et al., 2021). The integration of natural
antioxidants offers a viable alternative, as it is more environmentally sustainable compared to antioxidants derived from
egg yolk. Tris-egg yolk diluent contains natural antioxidant compounds derived from egg yolk, including low-density
lipoproteins (LDL), phospholipids, and a-tocopherol, which contribute to membrane protection and reduce oxidative
damage during cryopreservation (Mahiddine and Kim, 2021).

Aquilaria malaccensis leaf extract (ALE) contains bioactive compounds such as flavonoids, phenolics, and
terpenoids that act as antioxidants and anti-inflammatory agents (Batubara et al., 2020). The antioxidant potential of
ALE can improve membrane integrity, prevent lipid peroxidation, and maintain sperm motility during freezing (Ismail et
al., 2019). The application of ALE in goat semen cryopreservation remains limited. Furthermore, comprehensive studies
have compared the effects of different diluents on frozen-thawed semen quality, evaluated using both conventional
microscopic assessment and computer-assisted sperm analysis (CASA; Anand and Yadav, 2016). The CASA is widely
recognized as a reliable tool for the objective evaluation of sperm motility and kinematic characteristics, providing more
precise and reproducible measurements than conventional microscopic assessments (Shah et al., 2023). The present
study aimed to assess the potential of ALE as a natural antioxidant and to identify the optimal diluent formulation for
improving the cryopreservation and post-thaw quality of Saanen goat semen.

MATERIALS AND METHODS

Ethical approval

All study procedures were carried out in accordance with Standard Operating Procedures (SOPs) at the Acrtificial
Insemination Center (AIC) in Lembang, Bandung, West Java, Indonesia, in accordance with 1ISO/IEC 17025-2008 and
were supervised by a veterinarian. Ethical guidelines and research procedures were provided by AIC and approved by
the Ethics Committee of the Faculty of Veterinary Medicine, Brawijaya University, Malang, Indonesia, with number No.
77-KEP-FKHUB-2026.

Study design

This study utilized two male Saanen goats aged 3 to 4 years, located at the AIC in Lembang, Bandung, West Java,
Indonesia. The goats were allowed to graze in the morning on forage primarily composed of Indigofera zollingeriana
and Calliandra calothyrsus. Each goat received a daily diet comprising 2 kg of forage, 2.5 kg of leguminous feed, and 1
kg of concentrate. The concentrate used at AIC Lembang was reported to have contained 16—-18% crude protein (CP)
and 60-75% total digestible nutrients (TDN). The goats weighed 64 kg and 92 kg, respectively. Semen collection was
performed twice a week for five weeks using an artificial vagina (IMV, France). Initially, semen was collected using
false mounting to enhance libido and facilitate collection within the goat enclosure.

Extract preparation

Aquilaria malaccensis leaves were collected from an agarwood plantation located in Lamandau Regency, Central
Kalimantan, Indonesia. The preparation of ALE was initiated by drying the leaves in an oven at 55°C for 72 hours. The
dried leaves were subsequently macerated in 70% ethanol at a 1:10 (w/v) ratio (100 g leaf powder in 1000 mL solvent)
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for 24 hours. The mixture was then filtered to separate the filtrate from the residue, and the maceration extract was
collected and stored. The remaining residue was further extracted using microwave-assisted extraction (MAE). The
resulting extract was centrifuged at 3500 rpm for four minutes, and the supernatant was collected. Subsequently, the
supernatant was filtered through Whatman No. 1 filter paper, and the ethanol was removed on a rotary vacuum
evaporator at 60°C for 45 minutes, yielding a concentrated extract. Finally, the crude extract was stored in dark glass
bottles and kept under refrigerated conditions until further use.

Diluent preparation

The present study used two types of diluents, namely tris-egg yolk (AIC, Lembang, Indonesia) with the addition of
ALE at 0 mg (TO0), 0.10 mg (T1), 0.15 mg (T2), 0.20 mg (T3), and the patented AndroMed® diluent (minitube,
Germany; T4). The tris-based diluent consisted of a buffer solution containing 2.42 g of tris hydroxymethyl
aminomethane (Merck, Germany) supplemented with antibiotics, 1.28 g of citric acid (Merck, Germany), 2.16 g of
fructose (Merck, Germany), 0.1 g of penicillin (Meiji, Japan), 0.1 g of streptomycin (Meiji, Japan), and 100 ml of water
for injection. The buffer was stirred with a magnetic stirrer for 4 hours, then 74 mL of the homogenized buffer was
removed. This formed the basis of the Andromed thinner buffer, which was then mixed with 20 mL of egg yolk and 6
mL of glycerol (Merck, Germany) to create the tris egg yolk diluent. Homogenization was performed for 30 minutes,
followed by centrifugation at 4000 rpm for 30 minutes to separate the solution from the precipitate. The resulting
solution was then stored in a refrigerator at 4-5°C (AIC, 2026). The AndroMed® diluent contained buffer, citric acid,
glycerol, fructose, aquabidest, phospholipids, spectinomycin, 15 mg of lincomycin, 5 mg of tylocin, and 25 g of
gentamicin.

The process of preparing semen diluent was carried out by placing tris-egg yolk diluents, AndroMed®, and ALE in
a water bath at 37°C. There were five treatment groups. The first group received a tris-egg yolk diluent without ALE
(T0O), the second group was treated with a tris-egg yolk diluent containing 0.10 mg/100 mL of ALE (T1), the third group
comprised a tris-egg yolk diluent with 0.15 mg/100 mL of ALE (T2), the fourth group was administered a tris-egg yolk
diluent with 0.20 mg/100 mL of ALE (T3), and the fifth group solely received AndroMed® (T4). Following
supplementation, each diluent was vortex-mixed for three minutes and maintained in a water bath to preserve
temperature stability. Treatment T4 was prepared by diluting the commercial diluent with distilled water at a 1:4 ratio
(20 mL of AndroMed® to 80 mL of distilled water), yielding a final volume of 100 mL without ALE supplementation
(Nisfimawardah et al., 2023). Semen dilution was performed in a single step by adding fresh semen to the five dilution
treatments, using Formula 1.

Volume total= fresh semen (mL) x concentration x 10° x 0.25 (mL) (Formula 1)
50 x 10°

Semen dilution at the AIC in Lembang, Indonesia, was performed in a one-step procedure, in which the calculated
volume of semen was mixed directly with the total volume of diluent at one time. To ensure the quality of semen during
cold storage, semen mixed with a diluent at a temperature of 37°C was placed within a water jacket filled with water
maintained at 37°C and subsequently stored in a refrigerator set to a temperature of 4-5°C for a duration of 30 minutes.
The semen mixture is then removed from the water jacket and kept at 4-5°C for an additional three hours. The pre-
freezing motility analysis should meet a minimum threshold of 55%, in accordance with the Indonesian National
Standard (INS, 2014). When motility fell at or below 55%, the freezing procedure was not initiated.

Semen collection

Semen was collected twice weekly in the morning using a goat artificial vagina (IMV, France) containing 500 mL
of warm water maintained at 50°C. The artificial vagina was pumped and coated with lubricating gel to prevent injury
when the semen was collected. The volume of Saanen goat semen obtained was 1-2 mL. Once the semen had been
collected, the samples were sent to the laboratory at AIC in Lembang, Indonesia, which specialized in semen quality
testing. Then, the semen samples were placed in a container designed to protect them from environmental exposure,
such as light.

Semen freezing procedures

The cryopreservation procedure consisted of three evaluation stages, including fresh semen, chilled semen prior to
freezing, and frozen-thawed semen. During the fresh semen stage, semen quality was assessed based on motility (>
70%), viability, and sperm abnormalities using a microscope (Olympus BX-53, Japan) at 400x magnification. Then,
equilibration was carried out in a cool top for three hours, and a pre-freezing analysis was performed to assess semen
quality, including motility > 55%, viability, and abnormalities, using a light microscope (Olympus BX-53, Japan) at
400x magnification. Semen samples meeting the quality requirements were subsequently packaged and sealed into 0.25-
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mL straws in accordance with the designated treatment groups. The filled straws were subsequently subjected to a 7-
minute pre-freezing step at approximately —136°C, followed by immersion in liquid nitrogen (LN:) at —196°C and
storage. Each stage of evaluating fresh semen, liquid semen (before freezing), and frozen semen (after freezing) was
compared using CASA (AndroVision®, Germany).

Evaluation of semen quality

Spermatozoa matility

Sperm motility was assessed by preparing a 20 puL of semen sample on an object glass and covering it with a
coverslip. A light microscope at 400x magnification was used to observe the semen sample. Sperm motility was assessed
at three stages following the INS (2014) guidelines, immediately after collection (fresh semen, >70%), prior to
cryopreservation (liquid semen, > 55%), and after thawing (frozen semen, > 40%). Motility assessment was performed
using five fields of view, according to Formula 2 (Susilawati, 2011).

Motility (%) = Motility 1 + Matility 2 + Matility 3 + Motility 4 + Motility 5 x 100% (Formula 2)

5

Spermatozoa viability

Viability or sperm survival was determined by preparing a semen smear from 10 L, adding 20 pl of eosin-nigrosin
dye, mixing thoroughly, and spreading the mixture thinly and slowly for evaluation. Sperm viability was assessed using
a light microscope at 400x magnification. Spermatozoa that absorbed the stain were classified as non-viable, whereas
unstained spermatozoa were considered viable, which indicated live cells (Zou et al., 2021). The evaluation was
performed by counting at least 200 live and dead spermatozoa, as described by Formula 3 (Susilawati, 2011).

Viability (%) = Viability x 100% (Formula 3)
Viability + nonviability

Spermatozoa abnormality
Sperm abnormalities were assessed by preparing a semen smear of 10 ul, adding 20 pl of eosin-nigrosin stain,

mixing thoroughly, and then spreading the mixture thinly and slowly for evaluation. The evaluation of abnormalities was
performed using a microscope (Olympus BX-53, Japan) set at 400x magnification. The abnormalities assessed include
the shape of the head (too large, small, or flat) and the middle or tail (broken, curved, or abnormal). The evaluation was
performed by counting at least 200 live and dead spermatozoa using the Formula 4 (Susilawati, 2011).

Abnormality (%) = Sperm Abnormal x 100% (Formula 4)
Sperm abnormal + sperm normality

Spermatozoa concentration
Sperm concentration was measured as the number of sperm per unit volume to determine the dilution requirements

for semen. The concentration was determined using an SDM 6 spectrophotometer (Minitube, Germany) in accordance
with the semen freezing protocol established by the AIC, Lembang, Indonesia, which incorporated the addition of fresh
semen, 0.9% NacCl, and aquabidest. The findings were subsequently presented on the device in units of millions per
milliliter.

Total motile spermatozoa

Total motile spermatozoa (TMS) were the total number of motile spermatozoa calculated by multiplying motility by
concentration. At the time of post-thawing, TSM was calculated as the product of motility and concentration (Zou et al.,
2021).

Statistical analysis

The present study used a randomized block design (RBD) with five treatment groups and 10 replicates. The data
obtained in this study were analyzed using RStudio version 4.4.3 and one-way ANOVA with Duncan's Multiple Range
Test. The significance level was established at a p-value less than 5% (p < 0.05) for all statistical analyses.

RESULTS AND DISCUSSION

Fresh Saanen goat semen

Fresh semen was an indicator of semen quality before freezing. Fresh semen was obtained immediately after semen
collection and placed in a sample test tube in the laboratory. In accordance with INS (2014), fresh semen exhibiting
motility >70% was deemed eligible for the dilution stage. The current results on the quality of fresh Saanen goat semen
are presented in Table 1.

947



Nisfimawardah et al., 2026

The fresh semen exhibited a volume of 2.5 £ 0.53 mL, a milky-white color, a pH of 6.5, a precise odor, and a thick
consistency. These macroscopic characteristics indicated normal semen quality and were consistent with previous
findings reported by Cardenas-Padilla et al. (2024), who observed fresh semen motility of more than 70% accompanied
by high semen consistency. Microscopic evaluation revealed a mass motility score of +++ (vigorous wave motion),
along with individual motility of 80.00 + 10.54%, viability of 75.50 £ 0.74%, abnormalities of 4.46 + 0.31%, sperm
concentration of 3578 + 223.32 x 10° spermatozoa/mL, and TMS of 2850 + 302.59 x 10° spermatozoa/mL. These
findings indicated that the ejaculates met the minimum quality requirements for further processing, as individual motility
exceeded the recommended threshold of 70%. The current findings were consistent with those of Dapawole and Sirappa
(2021), who indicated that fresh semen used in dilution should be at least 70% in goats.

Table 1. Fresh semen quality of Saanen goats

Parameter Macroscopic finding (Mean + SD)
Volume (ml) 25+0.53

Color Milky white

pH 6.5

odor Typical

Consistency Thick

Parameter Microscopic finding (Mean + SD)
Mass motility +++

Individual motility (%) 80 +10.54

Viability (%) 75.50 £0.74
Abnormality (%) 446 +£0.31
Concentration (million/ml) 3578 +223.32

Total motile spermatozoa (million/ml) 2850 * 302.59

Mass motility was assessed based on the intensity of wave motion. +: Weak wave motion samples, ++: Moderate wave motion samples, and +++:
Vigorous wave motion samples

Evaluation of Saanen goats' frozen semen

The supplementation of ALE in the tris-egg yolk diluent was intended to enhance the antioxidant capacity of the
medium and provide additional protection to spermatozoa during the cryopreservation process. This finding was
consistent with previous studies showing improved sperm preservation during cryopreservation. The present study
focused on the effect of AML supplementation on post-thaw semen quality parameters. The beneficial effects of ALE
might be attributed to its high content of bioactive compounds, including flavonoids, phenolic compounds, tannins, and
terpenoids, which exhibit strong antioxidant activity. These compounds act as free radical scavengers, thereby reducing
ROS accumulation and minimizing oxidative stress during the cryopreservation process (Eissa et al., 2022). AndroMed®
was used as the commercial diluent due to its soy lecithin content and being free of animal-derived ingredients such as
egg yolk; therefore, it protected the spermatozoa during cold storage (Bustani and Baiee, 2021). The current results on
Saanen goats' semen quality were presented in Table 2.

There was a significant difference in pre-freezing sperm motility across the groups (p < 0.05; Table 2). Motility
was assessed using a microscope across five fields of view as a percentage. Treatment T1 demonstrated higher motility
after freezing than TO (42.00 + 10.33%), T3 (39.00 + 13.08%), and T4 (43.50 + 11.80%). The current results
demonstrated that Treatment T1, supplemented with 0.10 mg of ALE, exhibited superior post-thaw motility compared
with TO (42.00 £ 10.33%), T3 (39.00 + 13.08%), and T4 (43.50 + 11.80%). These findings indicated that adding 0.10 mg
of ALE provided optimal protection during cryopreservation, thereby preserving plasma membrane integrity and
maintaining the functional activity of the sperm flagellar apparatus. Studies evaluating the supplementation of Aquilaria
malaccensis extract in a tris-egg yolk extender were limited; therefore, the present findings were discussed in
comparison with previous studies that employed extracts from other plant sources. Similar results were reported by
Wahjuningsih et al. (2019), who reported post-thawing motility of 63% by adding 3% moringa leaves' extract. The
differences in motility among treatments were due to the bioactive content of ALE, including flavonoids and phenolics,
which can protect the sperms against oxidative stress induced by ROS (Ismail et al., 2019). Kaltsas (2023) indicated that
mitochondrial integrity and ATP production decreased due to ROS, thereby impairing motility. This finding was
consistent with the current results, which demonstrated that 0.20 mg of ALE was mildly toxic when the antioxidant
concentration exceeded normal limits. The current result was consistent with those of Isnaini et al. (2019), who reported
that the addition of 6% mangosteen peel extract antioxidants resulted in only 24.5% motility. This suggested that
excessive antioxidant addition may induce toxic effects on spermatozoa.
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Table 2. Evaluation of Saanen goats' frozen semen using a light microscope (400x magnification)

Parameter (Fl\r/lzs;sErggr; Before freezing (Mean + SD) After freezing (Mean + SD)

TO T1 T2 T3 T4 TO T1 T2 T3 T4
Motility (%) 80+10.54  60.00+6.67" 63.00+7.89° 58.00%537* 56.50+5.80° 63.50+4.74° 42.00+10.33 49.00+9.66 40.00+16.83 39.00+13.08 43.50+11.80
Viability (%) 7550 +0.74  62.60+553° 67.45+6.43° 64.20+541° 66.19+4.62% 6830+6.09° 5431+949 57.74+924 5551+1091 56.94+9.99 51.65+8.79
Abnormality (%) 4.46 +£0.31 6.35+1.02 5.55+0.73 5.85+£0.95 6.41 +0.96 587+1.14 6.96 +£1.29 6.42 +0.83 6.82 £0.94 7.56 +0.59 6.47 +0.95

Concentration

(million/straw) 3578 £223.32 61.14+195 63.68+3.12 63.24+3.82 6414+254 64.65+4.11 60.63+247 6312+334 6264+3.86 63.57+256 64.08+4.16

TMS (million/straw) 2850 +302.59  36.75+4.8 40.13+5.6 36.69 +4.2 36.30 +4.5 41.09+44  2546+6.48 31.04+6.90 2517+11.20 2478+840 27.73+7.39

®Different supper script letters in the same row indicated a significant difference (p < 0.05). TSM: Total motile spermatozoa, ALE: Aquilaria malaccensis leaf extract, TO: Tris-egg yolk treatment group, T1: Tris-egg yolk + ALE at 0.10
mg, T2: Tris-egg yolk + ALE at 0.15 mg, T3: Tris-egg yolk + ALE at 0.20 mg, T4: AndroMed®
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Viability is the survival rate of spermatozoa assessed using semen preparation with eosin-nigrosin staining (Abedin
et al., 2023). The use of different diluent formulations resulted in significant differences in sperm viability prior to
freezing (p < 0.05); however, post-thaw viability did not differ significantly among treatments (p > 0.05). Despite the
lack of statistical significance after thawing, treatments supplemented with ALE (T1, T2, and T3) consistently exhibited
higher viability than the control treatment (T0O). The current results indicated that the antioxidant compounds present in
ALE may have provided protective effects against cryodamage by maintaining sperm plasma membrane stability
throughout the freezing and thawing procedures. The current results indicated that spermatozoa cell membranes were
susceptible to lipid peroxidation because ruminants have a high content of unsaturated fatty acids in their cell
membranes. Saratsi et al. (2024) indicated that spermatozoa viability decreased with storage time, while the addition of
cryoprotectants to the diluent increased the viability of spermatozoa stored in liquid nitrogen.

Sperm abnormalities were evaluated by examining morphological defects in spermatozoa, including abnormalities
of the head, midpiece, and tail regions. These defects might be attributable to inherent developmental disorders or to
physical damage sustained during cryopreservation (Humann-Ziehank, 2026). Sperm abnormality rates did not differ
among the diluent treatments either before freezing or after thawing (p > 0.05). Nevertheless, numerical variations were
observed, with Treatment T3 exhibiting the highest percentage of abnormalities before freezing (6.41 + 0.96%).
Following thawing, the highest rate of abnormalities was observed in TO (6.96 + 1.29%), whereas T1 demonstrated the
lowest rate of abnormalities (6.42 £ 0.83%). The current findings indicated that ALE supplementation did not adversely
affect sperm morphology and may have helped maintain structural integrity during cryopreservation. The increase in
sperm abnormalities observed after cryopreservation may have been attributed to structural damage induced during the
freezing and thawing processes (Zang et al., 2025). Cryoinjury was reported to affect sperm membranes, acrosomes,
mitochondria, and tail structures, leading to morphological defects and reduced sperm quality. The addition of 1% and
2% soybean lecithin to tris egg yolk diluents was reported to enhance membrane protection during cryopreservation,
thereby minimizing sperm morphological damage and improving post-thaw semen quality (Suwor et al., 2025). The
abnormality values observed in the present study remained below 5%, indicating that the tris-egg yolk diluent
supplemented with ALE, as well as the AndroMed® diluent, did not induce substantial structural damage to spermatozoa
and remained within the acceptable range for semen cryopreservation. Representative images of sperm viability and
morphological abnormalities are illustrated in Figure 1.
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Figure 1. Spermatozoa viability and abnormalities post-thawing using a light microscope. A: Viability preparation, NV: Non-viable, V:
Viable (head does not absorb color), B: Abnormality preparation, AB: Abnormal spermatozoa (the sperm head was detached from the tail). Eosin—
nigrosin staining, 400x magnification.

Sperm concentration was measured before freezing and after thawing. No significant differences in sperm
concentration were observed among the diluent treatments at either evaluation stage (p > 0.05). The lowest post-thawing
concentration was observed in TO, which was 60.63 + 2.47 million/straw, and the highest post-thawing concentration
was observed in Treatment T4, which was 64.08 + 4.16 million/straw. The concentration across treatment groups was
stable across diluents, ranging from 60 to 64 million/straw. This finding indicated that supplementation with ALE did not
affect the number of spermatozoa but helped maintain their functional quality during cryopreservation. Similar results
were reported by Hassan et al. (2021), who found that adding natural antioxidants to semen diluents improved post-thaw
sperm motility and viability without affecting sperm concentration. Likewise, El-Seadawy et al. (2022) reported that
antioxidant supplementation primarily protected sperm membranes against oxidative damage and enhanced sperm
function, whereas sperm concentration remained unchanged. Therefore, the beneficial effects of ALE were likely
associated with its ability to preserve sperm physiological integrity rather than alter sperm cell numbers. Sperm
concentration was influenced by individual male factors, such as age, genetic background, reproductive status, and
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testicular size, as well as by semen collection frequency. Similarly, Kumar et al. (2025) found that genetic factors, breed,
boar age, and physiological conditions affect fresh semen concentration and sperm survival during freezing.

The TMS was a combined parameter that integrated sperm concentration and motility (Novita et al., 2021). The
TMS was considered essential for evaluating semen quality prior to Al, as it provided a comprehensive estimate of the
number of motile spermatozoa available for fertilization. The current results indicated that the use of a diluent did not
significantly affect TMS before freezing and post-thawing (p > 0.05). The highest post-thaw TMS was observed in
Treatment T1 (31.04 £ 6.90 million/straw), whereas Treatment T3 demonstrated the lowest value (24.78 + 8.40
million/straw). These findings indicated that adding 0.10 mg of ALE to the tris-egg yolk diluent improved sperm
survival during cryopreservation. The phospholipid content of egg yolk and the antioxidant properties of ALE
suppressed oxidative damage. These findings are consistent with those of Isnaini et al. (2019), who found that freezing
semen using 2% mangosteen peel extract resulted in a motility value of 56.5%. Additionally, Tethool et al. (2022)
indicated that egg yolk protected spermatozoa motility.

Evaluation of motility

The evaluation of frozen semen, before and after freezing, can be conducted either visually with a microscope or
systematically using CASA to assess different motility parameters of spermatozoa (Fernandez-Novo et al., 2021). The
inclusion of CASA reduced potential bias in semen evaluation by objectively quantifying sperm motility and motion
characteristics through computerized analysis. This approach minimized the influence of observer subjectivity, fatigue,
and differences in technical expertise, resulting in more accurate and reproducible assessments compared with
conventional visual examination. Additionally, sperm motility parameters are crucial indicators of fertility, helping to
identify males with lower reproductive potential and to select genetically superior sires for breeding programs
(Hackerova et al., 2025). A total of 14 parameters were used in CASA, including motile, progressive, distance average
path (DAP), distance curved line (DCL), distance straight line (DSL), velocity average path (VAP), velocity straight line
(VSL), velocity curved line (VCL), straightness (STR), linearity (LIN), amplitude of lateral head (ALH), beat cross
frequency (BCF), wobble (WOB), and head activity (HAC; Blagojevi¢ et al., 2024). The results of sperm motility using
CASA before and after freezing stages were indicated in tables 3 and 4.

Table 3. Evaluation of sperm motility before freezing using computer-assisted sperm analysis in Saanen goat semen

Before freezing

TO T1 T2 T3 T4
Kinematic parameters

Motile (%) 75.42 +8.72 79.50 + 8.99 7936+881  77.39+11.06  75.03+3.81
Progressive (%) 7127+1074  7634+1072  76.04+967  73.08+1347  69.27 +6.03
DAP (um) 17.05 +5.93 15.56 + 3.46 16.11 £ 4.60 17.74 +7.08 14.54 +6.03
DCL (um) 3550 £12.50°  33.90 +8.27% 34.90+10.47%® 37.51+15.06° 30.72+11.40°
DSL (um) 12.95 +4.85 11.07 +2.63 11.76 + 3.60 13.35+5.92 11.58 £5.80
VAP (um/sec) 5276 +15.27  57.58+12.72 56.06+11.42 5549+1508  55.22+9.59
VSL (um/sec) 41.70 +12.43 44,04 +9.31 4338+858  4355+1250 4584 +9.90
VCL (um/sec) 105.85+31.90 119.18+29.62 115.86+26.38 107.49 +39.55 112.75 + 21.06
STR (%) 0.79 +0.02%® 0.77 +£0.01° 0.77 £0.02° 0.78 +0.02° 0.82 £0.04°
LIN (%) 0.40 +£0.03° 0.37+0.02° 0.38+0.02° 0.39 +£0.01%® 0.41 +0.04°
ALH (um) 0.90 +0.37° 1.38 +0.30° 1.37 £0.31° 1.37 +0.40° 1.21+0.22°
BCF (Hz) 9.01 +2.00 11.47 +£1.07 11.69 + 1.46 11.96 +2.28 11.60 + 2.88
WOB (%) 0.50 +0.02 0.49 +0.02 0.49 +0.02 0.50 +0.02 0.49 +0.04
HAC (rad) 0.29 +0.08 0.32 £0.07 0.32 £0.07 0.31 £0.09 0.30 £0.05

b Mean different superscript letters that vary in each row indicate significant differences at p < 0.05. TO: Tris-egg yolk, T1: Tris-egg yolk + 0.10 mg of
ALE, T2: Tris-egg yolk + 0.15 mg of ALE, T3: Tris-egg yolk + 0.20 mg of ALE, T4: AndroMed®. DAP: Distance average path, DCL: Distance
curved line, DSL: Distance straight line, VAP: Velocity average path, VSL: Velocity straight line, VCL: Velocity curved line, STR: Straightness, LIN:
Linearity, ALH: Amplitude of lateral head, BCF: Beat cross frequency, WOB: Wobble, HAC: Head activity.
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Table 4. Evaluation of sperm motility after freezing using computer-assisted sperm analysis in Saanen goat semen

After freezing

Kinematic parameters 70 m T2 ™ i
Motile (%) 66.11 +18.34°  68.01 +17.63° 63.81 +19.89° 57.65+22.48° 45.15+15.72°
Progresif (%) 61.74+20.71*°  62.79+20.76° 58.41+22.56° 53.25+24.54*°  40.56 + 16.19°
DAP (um) 1544 +4.94°  16.06+6.21° 1439+656°  1510+7.05°  11.10+4.87"
DCL (um) 30.66 £ 9.76° 30.86 £10.99 29.32+11.81* 30.13+13.66*° 23.77+10.31°
DSL (um) 12.50 + 4.52° 13.21 £5.91* 1156 + 6.08% 12.47 +6.53% 9.25 + 4.50°

VAP (um/sec)

44.45 + 16.23%

46.41 + 17.90%

42.45 +18.18%°

40.46 + 18.84%

34.08 + 13.94°

VSL (um/sec) 36.89 +13.957  39.03+16.33" 3506 +16.28" 34.02+16.69 29.20 + 12.36"
VCL (um/sec) 87.42 +35.17°  88.38+35.02° 84.67 +35.32° 79.50+37.88®  70.73 +30.49°
STR (%) 0.83+0.04 0.83 +0.05 0.82 +0.04 0.83 +0.05 0.85 +0.03
LIN (%) 0.43 +0.05 0.44 +0.07 0.41 +0.05 0.42 +0.05 0.41+0.02
ALH (um) 1.03+0.34° 1.02 +0.34° 1.01 £0.37° 0.95 + 0.39%® 0.78 £0.29°
BCF (Hz) 12.42 £324% 1276 +3.66°  11.75+3.27°  11.54+4.20° 9.26 + 3.47°
WOB (%) 0.52 +0.05° 0.53 +0.05° 0.50+0.03®  0.51+0.03® 0.48 +0.02°
HAC (rad) 0.23 +0.09% 0.23 + 0.09% 0.22 + 0.09% 0.21+0.10® 0.18 +0.07°

P Mean different superscript letters that vary in each row indicate significant differences at p < 0.05. TO: Tris-egg yolk, T1: Tris-egg yolk + 0.10 mg of
ALE, T2: Tris-egg yolk + 0.15 mg of ALE, T3: Tris-egg yolk + 0.20 mg of ALE, T4: AndroMed®. DAP: Distance average path, DCL: Distance
curved line, DSL: Distance straight line, VAP: Velocity average path, VSL: Velocity straight line, VCL: Velocity curved line, STR: Straightness, LIN:
Linearity, ALH: Amplitude of lateral head, BCF: Beat cross frequency, WOB: Wobble, HAC: Head activity.

According to the present results, diluent type did not significantly influence TSM prior to cryopreservation (p >
0.05). However, significant differences were observed among treatments after thawing (p < 0.05), indicating that the
protective effects of the diluents became more pronounced following freeze-thaw stress. Treatment T1 exhibited the
highest total motility values both before freezing (79.50 + 8.99%) and after thawing (68.01 + 17.63%). A similar pattern
was observed for progressive motility, which did not differ among the treatment groups prior to the freezing process (p >
0.05) but was significantly influenced by the treatments following thawing (p < 0.05). Treatment T1 exhibited the
highest progressive motility values both before freezing (76.34 £ 10.72%) and after thawing (62.79 + 20.76%). Although
progressive motility decreased across all treatments following cryopreservation, the extent of the decline differed among
different diluent formulations. The lowest post-thaw progressive motility was observed in Treatment T4 (40.56 +
16.19%), whereas Treatment T1 maintained the highest value. The current findings indicated that supplementation with
ALE enhanced the diluent's ability to preserve sperm motility during cryopreservation, thereby reducing the detrimental
effects of freeze-thaw stress on sperm function. Treatment T1 consistently exhibited higher total and progressive motility
values, suggesting that supplementation with 0.10 mg of ALE enhanced sperm resistance to cryoinjury during freezing
and thawing. The improved post-thaw motility observed in the present study indicated a protective effect on the integrity
of the sperm plasma membrane and flagellar function. Damage to the flagellar apparatus during cryopreservation may
impair flagellar motility and propulsion, thereby decreasing sperm motility after thawing. However, motility and
progression remained above 40% in Treatment T1, likely due to flavonoids and phenolics diluent acting as potent
antioxidants. The present results were in agreement with the findings of Hassan et al. (2021), who reported that Turraea
fischeri leaf extract enhanced post-thaw sperm quality due to its high flavonoid and phenolic content. These antioxidant
compounds have been demonstrated to neutralize excessive ROS produced during equilibration and cryopreservation,
thereby safeguarding spermatozoa from oxidative damage. Consequently, the preservation of membrane integrity and
mitochondrial function contributed to improved sperm motility following thawing. Meanwhile, the reduction in motility
and progression observed in Treatment T4 suggested that patented or practical diluents containing lesitin were not fully
effective in mitigating oxidative stress in goat semen, which was highly sensitive to thermal and osmotic pressures
(Nisfimawardah et al., 2023). These findings were likely associated with the inherent sensitivity of goat spermatozoa to
cryopreservation-induced oxidative stress, as their plasma membranes were rich in polyunsaturated fatty acids, which are
particularly susceptible to lipid peroxidation induced by ROS. The results of the CASA motility assessment were
presented in Figure 2.
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< Sample analysis

Date of analysis 1173125

Date of production 11/3/25

Total no. of sperm analysed 3,299.00
Number of fields 4.00

Concentration [10%/mi] 103.25

Total motility %] 80.34
Progressive motility [%] 77.43
B Progressive fast motility %] 47.84
Progressive slow motility [%] 28.46
Progressive circular motility %] 113
Local circular motility %] -
Local motility %] 2.92

Immotile %] 19.66

Total number of sperm/dose [109 25.81

Figure 2. Kinematic parameters using computer-assisted sperm analysis AndroVision® (Minitube, Germany)

The CASA-derived parameters (DAP, DCL, and DSL) and velocity parameters (VAP, VSL, and VCL) exhibited
patterns that closely aligned with the motility results. Higher values of these kinematic parameters were generally
associated with improved sperm motility, suggesting enhanced preservation of sperm movement efficiency and
fertilizing potential following cryopreservation. Treatments T1 and T2 demonstrated higher values for DAP, DCL, and
DSL than Treatment T4, indicating that spermatozoa movement patterns were more directed and stable. The
spermatozoa exhibited an enhanced capacity to maintain longer, more consistent movement paths, as evidenced by
increased DAP, DCL, and DSL values. These parameters indicated that the spermatozoa move greater distances while
maintaining forward progression more efficiently. Additionally, treatments T1 and T2 exhibited higher VAP and VCL
values, indicating enhanced preservation of sperm kinematic performance following thawing. These improvements may
have reflected improved mitochondrial function and energy metabolism, as sperm motility largely depends on ATP
generated by mitochondria in the midpiece. Preservation of mitochondrial structural integrity during cryopreservation
likely contributed to the maintenance of sperm velocity and overall motility (Zhang et al., 2025). However, the highest
ALE supplementation level (0.20 mg) in Treatment T3 resulted in lower VAP and VSL values than in treatments T1 and
T2. Although VAP and VSL values remained higher than those observed in Treatment T4 supplemented with
AndroMed®. The current findings indicated that increasing the extract concentration beyond the optimal level did not
further enhance sperm kinematic performance and may have reduced the beneficial effects of antioxidant
supplementation. A similar trend was reported by Hassan et al. (2021), who observed that moderate concentrations of
Turraea fischeri leaf extract improved post-thaw sperm quality, whereas excessive supplementation did not provide
additional benefits and adversely affected sperm function. These findings indicated that the addition of high doses of
ALE can negatively affect enzymatic activity and flagellar motility. The present results were consistent with those of
Wahjuningsih et al. (2019), who reported that 6% Moringa oleifera leaf extract reduced sperm motility, indicating that
high concentrations of antioxidants may exert detrimental effects on sperm physiological function. Adding 0.10 mg of
ALE in the present study maintained a greater movement and velocity after thawing, indicating that this concentration
provided optimal protection against cryopreservation-induced damage while preserving sperm kinematic performance.

The STR, LIN, and WOB parameters, along with head-oscillation metrics such as ALH displacement, BCF, and
HAC, were used to describe sperm movement patterns in greater detail. These kinematic indicators provided valuable
information regarding movement efficiency, trajectory control, and flagellar function, thereby enabling a more
comprehensive assessment of sperm quality following cryopreservation. The highest post-thaw STR and LIN values
were recorded in treatments T4 and T1, respectively, indicating that spermatozoa exhibited straighter swimming and
greater forward progression after cryopreservation. This finding indicated that 0.10 mg of ALE contributed to the
preservation of sperm kinematic function by reducing unnecessary lateral movement and improving swimming
efficiency. The present findings were consistent with those of inang et al. (2018), who reported that increased sperm LIN
was positively correlated with penetration distance and reproductive performance. In the current study, treatments T1
and T2 exhibited the highest post-thaw ALH and BCF values, indicating higher preservation of sperm flagellar function
following cryopreservation. Higher ALH and BCF values reflect stronger flagellar movement and optimal tail-beat
activity. These are crucial for sustaining sperm hyperactivation, aiding capacitation, and enhancing the spermatozoa's
capacity to penetrate the zona pellucida during fertilization. This finding was consistent with the study conducted by Xu
et al. (2023), who demonstrated that the capacitation process was influenced by sperm motility and metabolic alterations
following thawing. Similar observations were reported by Giaccagli et al. (2021), who found that mitochondrial activity
was essential for sperm hyperactivation and fertilizing ability by regulating sperm motility. Furthermore, Tourmente et
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al. (2022) found that capacitation involves metabolic changes that boost sperm motility and energy use, highlighting a
strong link between energy metabolism, sperm movement, and fertilization ability. In contrast, Treatment T4, which used
the AndroMed® diluent, exhibited lower ALH, BCF, WOB, and HAC values after thawing, suggesting impaired head
oscillation and flagellar activity resulting from cryopreservation-induced structural damage. The reduction in these
kinematic parameters indicated a decline in sperm movement efficiency and functional performance following the
freeze-thaw process. Conversely, treatments T1 and T2 maintained relatively stable values for these parameters,
indicating that the combination of tris-egg yolk diluent and ALE provided superior protection against cryoinjury. The
present findings indicate that the ALE-supplemented diluent more effectively preserved sperm kinematic function and
structural integrity than treatments TO and T4. This observation was consistent with that of Rizal et al. (2025), who
reported that the motility of frozen goat semen was 47.5% with AndroMed® diluent alone and increased to 56.25%
when 4% moringa leaf extract was added to the diluent. The improved post-thaw motility and kinematic parameters
observed in treatments T1 and T2 indicated that the antioxidant capacity of ALE was most effective at appropriate
concentrations, thereby enhancing sperm protection during freezing and thawing.

CONCLUSION

Adding 0.10 mg of Aquilaria malaccensis leaf extract to a tris-egg yolk diluent enhanced protection against
cryopreservation-induced damage, as evidenced by higher post-thaw motility, progressive motility, and improvements in
movements, velocity, and head oscillation measures. Therefore, Aquilaria malaccensis leaf extract exhibited potential as
a natural antioxidant additive to enhance the functional quality of frozen Saanen goat semen and supported artificial
insemination programs. The utilization of Aquilaria malaccensis has the potential to enhance the efficacy of future
artificial insemination programs by enhancing the availability of high-quality frozen semen and promoting the
dissemination of superior genetic resources.
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