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ABSTRACT
Background: Chilled semen preservation is essential for supporting artificial insemination programs in Boer goats, 
but spermatozoa rapidly deteriorate during cold storage due to cold shock and oxidative stress. Natural antioxidants 
such as Moringa oleifera leaf extract (MLE), which contains flavonoids, phenolics, and vitamin, may enhance extender 
performance for maintaining semen quality by reducing oxidative damage. However, Studies evaluating MLE 
supplementation in commercial extenders such as Andromed® are still limited and have not been widely conducted, 
particularly for Boer goat semen stored at 5°C.
Aim: This study aims to evaluate the effect of different concentrations of MLE supplementation (2%, 4%, and 6%) in 
Andromed® extender on the motility and viability of Boer goat sperm during 5 days of chilled storage.
Methods: Semen from six Boer goats was diluted with Andromed® containing 0% (T0 as control), 2% (T1), 4% (T2), 
and 6% (T3) MLE and stored at 5°C for 5 days. Sperm motility and viability were assessed daily using eosin-nigrosin 
staining.
Results: Sperm motility and viability showed distinct responses among treatments during storage. The 4% (T2) MLE 
treatment consistently maintained the highest sperm motility and viability from Day 2 onward. On Day 5, T2 exhibited 
the greatest motility (40.00% ± 0.00%) and viability (51.00% ± 2.16%), significantly outperforming T0, T1, and T3. 
Increasing the MLE concentrations to 6% did not provide further improvement and resulted in lower values than T2, 
suggesting that excessive extract may exert negative effects.
Conclusion: In conclusion, supplementation of 4% MLE in Andromed® extender effectively preserves sperm motility 
and viability in chilled Boer goat semen. MLE serves as a promising natural antioxidant additive for improving short-
term semen preservation, particularly under tropical conditions.
Keywords: Antioxidant supplementation, Boer buck, Chilled semen, Moringa oleifera leaf extract, Semen extender.

Introduction
The Boer goat (Capra hircus) is globally recognized 
as a superior meat-producing breed, valued for its 
rapid growth rate, high feed efficiency, and favorable 
carcass characteristics. In Indonesia, Boer goats 
have been introduced and widely promoted as an 
important genetic breed resource to enhance the 
productivity and meat quality of indigenous goat 
populations (Syarifuddin et al., 2025). In line with 
national breeding strategies, numerous institutions and 

breeding centres have implemented both crossbreeding 
and purebreeding programs involving Boer goats to 
meet the growing consumer demand for high-quality 
meat while simultaneously supporting rural economic 
development. To accelerate the dissemination of Boer 
goat genetics and maximise genetic improvement, 
assisted reproductive technologies, particularly 
artificial insemination (AI), have become increasingly 
important (Toleng et al., 2020; Diansyah et al., 
2025a). Nevertheless, a major limitation in the 
practical application of AI in goats is the preservation 
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of semen quality during chilled storage, a challenge 
that is further exacerbated by tropical environments 
characterized by frequent temperature fluctuations and 
logistical constraints. Consequently, the development 
of improved semen extenders capable of maintaining 
sperm quality under such conditions has become an 
urgent priority (Riyadhi et al., 2022).
The maintenance of semen quality during storage 
is a key determinant of the success of AI. In goats, 
semen preservation under chilled conditions is widely 
applied for short-term storage and transportation, 
as it provides a practical and economically feasible 
alternative to cryopreservation (Arif et al., 2025). 
However, spermatozoa are highly susceptible to 
detrimental factors such as cold shock, oxidative stress, 
and structural damage to the plasma membrane. These 
factors can significantly influence sperm motility, 
viability, and fertilizing capacity throughout the storage 
periods (Wiyanti et al., 2013; Nirmala et al., 2025).
Commercial semen extenders, such as Andromed® 
are commonly utilised in ruminant reproduction as 
they supply essential nutrients and cryoprotective 
components necessary for maintaining sperm function. 
In recent years, research has increasingly focused on 
incorporating natural antioxidants into extenders to 
enhance sperm protection during storage. Among 
the potential additives, Moringa oleifera leaf extract 
(MLE) has gained attention due to its richness in 
bioactive compounds, including flavonoids, phenolics, 
and vitamins, which exhibit strong antioxidant activity. 
Previous studies have demonstrated that MLE can 
attenuate oxidative stress and enhance sperm quality 
across different animal breeds (El-Seadawy et al., 
2022; Chhikara et al., 2021).
Despite its potential, studies evaluating the effect of 
MLE in combination with commercial extenders, 
particularly in Boer goat semen under chilled storage 
conditions, remain limited. Given the strategic 
importance of Boer goat breeding in Indonesia 
and the increasing interest in natural, plant-based 
biocomponents, further investigation is warranted.
Therefore, the objective of this study was to evaluate 
the effect of different concentrations of MLE 
supplementation in Andromed® extender on the motility 
and viability of chilled-stored Boer goat semen. This 
study aims to contribute to the development of more 
effective and natural semen preservation strategies to 
support the sustainability and scalability of Boer goat 
breeding programs in Indonesia.

Materials and Methods
Study sites and animal management
This study was conducted at the laboratory of Animal 
Production and the laboratory of Animal Nutrition 
and Feed using six Boer bucks as experimental 
subjects. Semen was collected twice weekly from each 
buck using an artificial vagina. Multiple ejaculates 
were obtained from each buck; each ejaculate was 

considered an independent experimental replicate and 
was randomly and evenly allocated across treatments 
to minimize individual buck effects. The objective of 
the study was to evaluate the effectiveness of semen 
extenders supplemented with different concentrations 
of MLE during chilled storage. The treatments were as 
follows:
T0 (Control): 100% Andromed®

T1 (MLE-2): 98% Andromed® +2% MLE
T2 (MLE-4): 96% Andromed® +4% MLE
T3 (MLE-6): 94% Andromed® +6% MLE.
Each treatment was applied to fresh semen samples, 
which were subsequently stored at 5°C.
Semen motility and viability were evaluated daily over 
a storage period of 5 days (Day 1 to 5) to determine 
the preservative efficacy of each extender formulation.
MLE preparation
Moringa (Moringa oleifera) leaves were extracted 
using a rotary vacuum evaporator. The results of 
extraction in paste were diluted by dissolving 1 g of 
extract in 100 ml of double-distilled water (w/v). The 
diluted extract was then aliquoted into 1 ml Eppendorf 
tubes and stored in a freezer (−20°C) until use.
Semen dilution and processing
The study was conducted using fresh semen, 
immediately after semen collection and initial 
quality assessment. Qualified semen was diluted with 
Andromed® extender supplemented with MLE at 
concentrations of 0%, 2%, 4%, and 6% (v/v). These 
concentrations were prepared by adding 2, 4, or 6 
ml of MLE stock solution per 100 ml of extender, 
respectively, with the remaining volume adjusted 
using Andromed® to maintain a constant final volume. 
Diluted semen samples were gently homogenized and 
transferred into sterile tubes, with a uniform semen 
volume per tube to ensure a consistent number of 
spermatozoa per experimental unit. The samples were 
then stored at 5°C for up to 5 days, and sperm motility 
and viability were evaluated daily.
Semen evaluation
Semen evaluation was performed based on two primary 
parameters: sperm motility and viability, to assess 
the effects of different extender formulations during 
chilled storage. All evaluations were conducted at room 
temperature (35°C) immediately after homogenisation 
of the samples.
Sperm motility
Sperm motility was evaluated subjectively using a 
light microscope at 400× magnification, equipped 
with a heated stage maintained at 37°C to ensure 
optimal observation conditions. Fresh semen samples 
were accepted for processing when initial progressive 
motility was ≥ 70%. A drop of semen was placed 
onto a pre-warmed glass slide, covered with cover 
glass, and examined across eight randomly selected 
field (Sahiruddin et al., 2026). The percentage of 
progressively motile spermatozoa was estimated by 
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a single experienced observer to reduce variability 
(Diansyah et al., 2025b).
Sperm viability
Sperm viability was determined using the eosin-
nigrosin staining technique as described by Diansyah 
et al. (2025c). Briefly, 10 µl of semen was mixed with 
20 µl of eosin-nigrosin solution, smeared onto a clean 
glass slide. The prepared slides were evaluated under 
a light microscope with 400× magnification. Sperm 
with normal intact plasma membranes characterised 
by unstained (white) heads, whereas non-viable 
spermatozoa displayed pink or red-stained heads as 
a result of membrane damage (Fig. 1). Fresh semen 
samples were accepted for processing when initial 
sperm viability was ≥80%. For each slide, a minimum 
of 200 sperm cells were counted to calculate the 
percentage of viable spermatozoa (Rahmat et al., 
2024).
Statistical analyses
Data were analysed using one-way analysis of variance 
(ANOVA) performed separately for each storage day 
based on a completely randomized design consisting of 
four treatments and six replications. Each ejaculate was 
considered as the experimental unit. Although multiple 
ejaculates were obtained from the same bucks, ejaculates 
were evenly distributed across treatments to minimize 
individual buck effects, and no pooling of ejaculates 
was performed. The day-wise ANOVA approach was 
applied to evaluate treatment effects at each storage 
time point independently. While a repeated measures 
or mixed model approach could also be considered for 
longitudinal data, the present approach was deemed 
appropriate for assessing treatment differences at each 
specific storage day. This analytical limitation has been 
acknowledged in the Discussion section. All variables 
satisfied the assumptions of parametric analysis (p 
> 0.05). Differences among treatment means were 
evaluated using the least significant differences test. 
All statistical analyses were performed using SAS 
statistical software (SAS Institute Inc., Cary, NC). 
Results are presented as mean ± standard deviation. 
Each mean was calculated from six independent 
ejaculates (n = 6) per treatment per storage day.
Ethical approval
This study was conducted in accordance with animal 
welfare standards and approved by the Animal Ethics 
Committee of Faculty of Agriculture, Lambung 
Mangkurat University (Approval No. 017/UN8.1.23.5/
PG/2025) and adhered to Indonesian animal welfare 
guidelines.

Results
Sperm motility and viability in fresh semen of Boer 
bucks
The results demonstrated that the fresh semen of Boer 
bucks exhibited high initial quality, as reflected in 
both sperm motility and viability parameters (Fig. 2). 
The mean percentage of sperm motility was 79.00% 

± 4.18%, indicating that a substantial proportion of 
sperm cells displayed active, progressive movement 
at the time of collection. Meanwhile, the viability 
percentage reached 91.00% ± 2.55%, indicating that 
the vast majority of spermatozoa remained unstained 
following eosin assessment. These values suggest that 
the semen samples collected were in good physiological 
condition, providing a reliable baseline for further 
evaluation under chilled storage.
Effectiveness of MLE on sperm motility during chilled 
storage
The percentage of sperm motility during 5 days of 
chilled storage in Boer Goat semen is presented in 
Table 1. Day 1 represents baseline semen quality (0 
hour) measured immediately after dilution and prior to 
chilled storage, while Days 2–5 represent 24, 48, 72, 
and 96 hours of storage at 5°C. On Day 1, all treatment 
groups showed equal sperm motility values (79.00% ± 
4.18%), indicating comparable semen quality prior to 
storage. Throughout the storage period, sperm motility 
declined progressively in all groups, although the rate 
of decline varied. By Day 3, significant differences were 
observed among treatments (p < 0.05). the T2 group 
(MLE-4) maintained the highest sperm motility at 65% 
± 0.00%, which was significantly higher than T0 (55% 
± 4.08%), T1 (62.50% ± 2.89%), and T3 (48.75% ± 
2.50%). A similar trend was observed on Day 4, with T2 
maintaining a higher motility value (53.75% ± 2.50%) 
compared to T0 and T1 both (42.50% ± 2.89%) and T3 
(40.00% ± 4.08%). By Day 5, sperm motility continued 
to decline across all treatments. T2 remained the group 
with the highest sperm motility (40.00% ± 4.08%), 
followed by T3 (27.50% ± 2.89%), T0 and T1 (22.50% 
± 2.89%). Statistically significant differences between 
groups persisted on Days 3, 4, and 5, as indicated by 
different superscript letters within the same coloumn 
(p < 0.05). Among the four treatments, T2 consistently 
maintained the highest sperm motility throughout the 
chilled storage period, particularly from Day 3 onward.
Effectiveness of MLE on sperm viability during chilled 
storage
Sperm viability during chilled storage of Boer goat 
semen across a 5-day period is presented in Table 2. 
Day 1 represents baseline semen quality (0 hour) 
assessed immediately after dilution and prior to chilled 
storage, whereas Days 2–5 correspond to 24, 48, 72, 
and 96 hours of storage at 5°C. On Day 1, all treatment 
groups exhibited similar sperm viability, ranging from 
90.00% ± 1.58% (T3) to 90.80% ± 0.84% (T2), with no 
significant differences observed among the treatment 
(p > 0.05), indicating uniform initial semen quality. 
As storage progressed, sperm viability declined in all 
groups, with differences emerging from Day 2 onward. 
On Day 2, the T2 group maintained the highest sperm 
viability at 83.50% ± 1.29%, which was significantly 
higher (p < 0.05) than T0 (76.50% ± 2.08%), and showed 
moderate but not always significant differences from T1 
(79.75% ± 2.08%) and T3 (77.25% ± 2.50%). By Day 
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3, the effect of treatment became more pronounced. T2 
consistently preserved the highest sperm viability at 
75.25% ± 1.71%, which was significantly higher (p < 

0.05) than that T0 (64.00% ± 4.97%) and T3 (57.75% ± 
4.19%). T1 maintained intermediate viability (71.50% 
± 3.11%). On Day 4, sperm viability in the T2 group 

Fig. 1.  Sperm viability of Boer buck assessed under a light microscope (400× magnification) Scale bar = 10 µm; a) Viable 
spermatozoa appear with white (unstained) heads; b) Non-viable spermatozoa exhibit red (stained) heads.

Fig. 2.  Sperm motility and viability on fresh semen of Boer crossbreed buck. values are presented as mean ± standard deviation 
(SD) based on six independent ejaculates (n = 6).
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remained higher (64.75% ± 2.22%) compared to 
the other treatments, all of which had decreased to 
approximately 51%–52% (T0, T1, and T3), with no 
significant difference among the treatments (p > 0.05). 
By Day 5, T2 sustained the highest sperm viability at 
51.00% ± 2.16%, followed by T3 (37.50% ± 3.51%), 
T1 (34.50% ± 2.08%), and T0 (32.75% ± 2.22%). The 
differences among groups were statistically significant 
(p < 0.05), with T2 consistently maintaining superior 
sperm viability throughout the chilled storage period, 
particularly from Day 2 onward.

Discussion
The results of the study demonstrate that the 
supplementation of MLE in Andromed® extender 
improves the preservation of sperm motility and 
viability in chilled Boer buck semen, with the 4% MLE 
treatment consistently showing superior performance 
during storage. This finding indicates that MLE, 
when applied at an optimal concentration, enhances 
the protective capacity of the extender against cold-
induced deterioration of sperm function, in line with 
reports describing the relatively high baseline fertility 
potential of Boer buck semen (Rizal et al., 2018). 
Sperm motility and viability are two key indicators 
of fertilizing potential. However, the parameters are 
known to decline during chilled storage conditions, 
and both parameters typically decline over time due to 
cold shock, membrane destabilization, and oxidative 
stress (Ibáñez-Arancibia et al., 2021; Tanga et al., 

2021). Chilled storage promotes the accumulation of 
reactive oxygen species (ROS), which initiate lipid 
peroxidation of sperm plasma membranes rich in 
polyunsaturated fatty acids. This process compromises 
membrane integrity, disrupts mitochondrial function, 
and ultimately reduces sperm motility and viability. 
The progressive decline in sperm quality observed 
across all treatment groups in this study aligns with 
such physiological deterioration. However, the slower 
decline in MLE-supplemented groups, particularly 
at the 4% concentration, supports a protective role 
of MLE that is plausibly mediated by its antioxidant 
activity. 
MLE contains a range of bioactive compounds such 
as flavonoids (e.g., quercetin, kaempferol, phenolic 
acids, saponins, and vitamins (particularly vitamins 
C and E), which are known to act as free radical 
scavengers (Kashyap et al., 2022; Chatzimitakos et 
al., 2024). ROS, although naturally generated during 
sperm metabolism, can accumulate during storage and 
induce lipid peroxidation, DNA damage, and loss of 
membrane integrity (Blegur et al., 2020; Nurlatifah et 
al., 2025). By neutralizing excessive ROS, antioxidants 
contribute to the maintenance of sperm membrane 
structure and function. The superior performance of T2 
in preserving sperm motility and viability supports this 
mechanism, as also reported in similar studies using 
plant-based antioxidant supplementation in semen 
extenders (Hameed et al., 2024; Syarifuddin et al., 
2026). 

Table 1. Effectiveness of MLE on sperm motility during chilled storage.

Treatment
Days

1 2 3 4 5
T0 79.00 ± 4.18 67.50 ± 2.89 55.00 ± 4.08a 42.50 ± 2.89a 22.50 ± 2.89a

T1 79.00 ± 4.18 68.75 ± 2.50 62.50 ± 2.89b 42.50 ± 2.89a 22.50 ± 2.89a

T2 79.00 ± 4.18 70.00 ± 0.00 65.00 ± 0.00b 53.75 ± 2.50b 40.00 ± 0.00b

T3 79.00 ± 4.18 67.50 ± 2.89 48.75 ± 2.50a 40.00 ± 4.08a 27.50 ± 2.89a

Note: Values are presented as mean ± standard deviation (SD) based on six independent ejaculates (n = 6) per treatment per storage day. Zero SD 
values indicate very low variability among ejaculates after rounding to two decimal places. ab Different superscript letters within the same colomn 
indicate significant differences (p  <  0.05).; T0 (Control): 100% Andromed extender; T1 (MLE-2): 98% Andromed + 2% MLE; T2 (MLE-4): 
96% Andromed + 4% MLE; T3 (MLE-6): 94% Andromed + 6% MLE.

Table 2. Effectiveness of MLE on sperm viability during chilled storage.

Treatment
Days

1 2 3 4 5
T0 90.40 ± 2.07 76.50 ± 2.08a 64.00 ± 4.97a 51.50 ± 1.29a 32.75 ± 2.22a

T1 90.60 ± 1.52 79.75 ± 1.50ab 71.50 ± 3.11b 52.50 ± 3.11a 34.50 ± 2.08a

T2 90.80 ± 0.84 83.50 ± 1.29b 75.25 ± 1.71b 64.75 ± 2.22b 51.00 ± 2.16b

T3 90.00 ± 1.58 77.25 ± 2.50ab 57.75 ± 4.19a 51.25 ± 1.71a 37.50 ± 3.51a

Note: Values are presented as mean ± standard deviation (SD) based on six independent ejaculates (n = 6) per treatment per storage day. 
abDifferent superscript letters within the same colomn p  <  0.05).; T0 (Control): 100% Andromed extender; T1 (MLE-2): 98% Andromed + 2% 
MLE; T2 (MLE-4): 96% Andromed + 4% MLE; T3 (MLE-6): 94% Andromed + 6% MLE.
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In contrast, the reduced effectiveness observed at 
the higher MLE concentration (6%) suggests a dose-
dependent biphasic antioxidant effect. At excessive 
levels, antioxidants may exert pro-oxidant activity, 
disrupt osmotic balance, or increase extender viscosity, 
all of which can impair membrane fluidity and sperm 
metabolism. Such effects can negate the benefit of 
antioxidant supplementation and lead to diminished 
sperm quality as reported in other semen preservation 
systems (Ferramosca and Zara, 2022; Mattioli et al., 
2023). These findings underscore the importance of 
optimizing antioxidant dosage rather than assuming a 
linear dose-response relationship.
From an applied perspective, the use of MLE as a 
natural additive in semen extenders presents several 
advantages. Moringa is widely available, inexpensive, 
and environmentally sustainable, making it a practical 
solution for improving semen preservation in tropical 
regions like Indonesia (Suprapto et al., 2021). The 
consistent superiority of the 4% MLE treatment 
highlights its potential to enhance chilled semen quality, 
which is essential for the success of AI programs in 
Boer goats.
Boer goats are increasingly promoted in Indonesia as 
a superior meta-type breed to improve local livestock 
productivity. The successful dissemination of Boer 
genetics across regions depends heavily on the 
availability of high-quality semen for AI (Rizal et al., 
2018). However, semen distribution in tropical climates 
often faces challenges such as temperature fluctuations 
and inadequate cold chain infrastructure (Kujoana et al., 
2024; Moretti and Signorini, 2024). The development 
of improved extender formulations that incorporate 
locally sourced natural antioxidants such as Moringa 
may address this limitation by extending semen shelf 
life and improving fertility outcomes.
Despite the promising findings, several limitations of 
the present study should be acknowledged. First, sperm 
motility was assessed subjectively using conventional 
light microscopy rather than computer-assisted sperm 
analysis, which may introduce observer-related 
variability, although this was minimized by using a 
single experienced evaluator. Second, oxidative stress 
biomarkers such as ROS levels, lipid peroxidation 
indices, or total antioxidant capacity were not directly 
measured. Therefore, the proposed antioxidant 
mechanism of MLE is inferred from sperm quality 
outcomes and supported by previous literature rather 
than confirmed by direct biochemical evidence. Future 
study incorporating objective motility assessment and 
oxidative stress markers is recommended.

Conclusion
In conclusion, the present findings provide strong 
evidence that 4% of MLE supplementation in 
Andromed® extender effectively preserves sperm 
motility and viability in chilled Boer goat semen. 
This study supports the use of MLE as a natural and 

functional biocomponent in semen preservation, 
contributing to the advancement of reproductive 
biotechnology and genetic improvement programs in 
small ruminants, particularly in tropical environments.
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