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ABSTRACT 2233 %
Cordyceps militaris is a medicinal mushroom rich in bioactive compounds and has been investigated for its potential g S g = o)
antioxidant properties. The present study aimed to evaluate the effects of dietary supplementation with Cordyceps 3 & i s =
militaris extract on semen quality and reproductive performance in male rabbits. A total of 15 adult male rabbits, ¢, > S & jZ>
with an average body weight of 3.56 + 0.34 kg, were randomly assigned to five treatments receiving 0 (control), 20, © Lé N —
40, 80 and 160 mg of Cordyceps militaris extract daily for 14 weeks. Semen was collected at weeks 6, 8, 10, 12, and S 2 S 5 >
14, with an average volume of 0.4 + 0.1 mL per collection, and evaluated for sperm viability, motility, acrosome and & Rg N A
membrane integrity, DNA fragmentation, and antioxidant capacity. A total of 15 adult female rabbits, with an AR N -
average body weight of 3.37 + 0.26 kg, were used for mating and were managed under the same experimental . 3 O
conditions. After eight weeks of supplementation, treated males were naturally mated with female rabbits to evaluate § |-'|_-|

fertility and litter performance. Compared with the control group, Cordyceps militaris supplementation improved
sperm motility, viability, membrane integrity, acrosome integrity, and antioxidant capacity, while reducing DNA
fragmentation. The 40 mg/day treatment showed the most favourable overall effects on semen quality across the
evaluation period. At week 8, rabbits receiving 40 mg/day showed higher sperm motility (74.34%), viability
(90.85%), acrosome integrity (99.92%), membrane integrity (39.79%), and seminal antioxidant capacity (35.04%),
together with lower DNA fragmentation (35.76%), compared with the control group. The 40 mg/day group showed a
significantly higher pregnancy rate at first mating than the control group, reaching 100%. Rabbits that received 40
mg/day achieved a 100% first-mating pregnancy rate, while litter traits and offspring growth did not differ
significantly among treatments. Overall, dietary supplementation with Cordyceps militaris improved semen quality
and reproductive performance in male rabbits, with 40 mg/day providing the most favourable overall response
among the tested supplementation levels.

Keywords: Antioxidant capacity, Dietary supplementation, DNA fragmentation, Sperm, Reproductive performance
INTRODUCTION

Rabbit farming is an important component of small-scale farming systems in many countries due to the nutritional value
of rabbit meat, which is characterized by a high protein content and relatively low levels of fat and cholesterol (Gasperlin
et al., 2006). Furthermore, rabbit farming is recognized as a potentially sustainable livestock production system due to
their efficient feed utilization and high reproductive productivity (Siddiqui et al., 2024). Improving reproductive
performance, particularly male fertility, is a key factor contributing to productivity and sustainability in rabbit farming
systems (Fadl et al., 2024). Semen quality in breeding males is of particular importance, as reproductive efficiency
directly influences conception rates, litter performance, and overall productivity in rabbit production (Brun et al., 2016).
Nevertheless, male reproductive performance is susceptible to nutritional and environmental conditions, particularly
oxidative stress (Agarwal et al., 2014). An imbalance between ROS production and antioxidant defenses can adversely
affect sperm membrane function, motility, and DNA integrity, thereby compromising fertility (Agarwal et al., 2014;
Sies, 2017).

Natural plant-based feed additives with antioxidant properties have received increasing attention as potential
alternatives to synthetic antioxidant vitamins in livestock nutrition (Manuelian et al., 2021). Bioactive compounds
derived from medicinal plants, herbs, and other natural sources have been studied for their potential to enhance animal
health and reproductive performance through regulating oxidative status (Manuelian et al., 2021). Dietary antioxidant
supplementation with vitamin C, vitamin E, and selenium has been reported to improve semen quality and reproductive
performance in male rabbits, potentially through enhanced antioxidant status and attenuation of oxidative damage
(Yousef et al., 2003; Fadl et al., 2024).
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Cordyceps militaris (C. militaris) is a medicinal fungus containing a variety of bioactive compounds, including
cordycepin, adenosine, polysaccharides, and phenolic compounds (Jedrejko et al., 2021; Wang et al., 2022). Previous
studies have reported antioxidant, anti-inflammatory, and immunomodulatory activities of C. militaris and its bioactive
components, particularly polysaccharides and cordycepin (Miao et al., 2022; Phull et al., 2022). Recent studies in
livestock have shown that supplementation with C. militaris or its spent mushroom substrate can enhance antioxidant
capacity and reduce oxidative stress markers in pigs (Boontiam et al., 2020). In addition, dietary C. militaris
supplementation has been reported to improve intestinal barrier function and modulate gut microbiota in pigs (Zheng et
al., 2022). Furthermore, supplementation with fermented products from C. militaris has been reported to enhance
reproductive development and support testicular function in male rats, suggesting a potential beneficial role in male
reproduction (Lin et al., 2022). Thus, the findings suggest that the bioactive components of C. militaris may contribute to
improved reproductive performance through their antioxidant and cytoprotective effects.

Although the biological properties of C. militaris have been investigated in several species, information regarding its
effects on semen quality and reproductive performance in rabbits remains limited. Therefore, the present study aimed to
evaluate the effects of different dietary supplementation levels of C. militaris extract on semen quality, antioxidant
capacity, and reproductive performance in rabbits.

MATERIALS AND METHODS

Ethical approval
All experimental procedures were approved by the Can Tho University Animal Ethics Committee (Approval No.
CTU-AEC24036), Can Tho City, Vietnam.

Animals

Rabbits were housed individually in elevated cages under natural environmental conditions. Throughout the
experimental period, all rabbits were maintained under the same feeding conditions and were provided with fresh
elephant grass (Pennisetum purpureum), fresh clean vegetables, and commercial pelleted rabbit feed (De Heus 5640, De
Heus Vietnam, Vietnam). Fresh drinking water was provided ad libitum. The same types of feed were provided to all
experimental animals throughout the study to maintain consistent nutritional conditions among experimental groups.
Animals were monitored daily throughout the experiment.

Cordyceps militaris extract

Cordyceps militaris extract used in the current study was provided by the Institute of Pharmaceutical and Health
Food, Thu Dau Mot University, Ho Chi Minh City, Vietnam (Nguyen et al., 2024). The extract was administered orally
at doses of 0, 20, 40, 80, and 160 mg/day per rabbit according to the experimental treatments. The extract quality and
composition were analyzed and certified in accordance with ISO/IEC 17025:2017 standards. The cordycepin content in
the extract was determined to be 0.15% (w/w).

Study design

The study was conducted using 15 adult male rabbits (3.56 + 0.34 kg) and 15 adult female rabbits (3.37 + 0.26 kg)
aged 9-12 months at the experimental farm of Can Tho University, Vietnam. A total of 15 adult male rabbits were
randomly allocated to five dietary treatments (three rabbits in each treatment), receiving 0 (control), 20, 40, 80, and 160
mg of C. militaris extract daily for 14 weeks. The C. militaris extract was mixed into pelleted feed (De Heus 5640, De
Heus Vietnam, Vietnam) with the daily diet throughout the experimental period. Semen was obtained by artificial vagina
collection once per week. Assessments were performed at weeks 6, 8, 10, 12, and 14 to characterize sperm quality,
including motility, viability, plasma membrane, and acrosomal integrity. Antioxidant status and sperm DNA
fragmentation were also examined to further evaluate sperm functional and cellular integrity. After eight weeks of
supplementation, treated males were naturally mated with female rabbits to evaluate reproductive performance.
Pregnancy rate, gestation length, litter size, and offspring growth were recorded.

Assessment of sperm quality

Motility

Sperm motility was observed under an Eclipse Si microscope (Nikon, Japan) at 40x magnification. The percentage
of total motile sperm was determined by the proportion of total motile sperm to the total number of sperm counted (Tran
etal., 2023).

Viability

Sperm viability was assessed using the Eosin—Nigrosin vital staining method and examined under a light microscope
(Nikon, Japan; Figure 1A). Sperm viability was determined following the method of Tran et al. (2023). Dead sperm cells
were identified by their purple staining, while viable cells remained unstained. Viability was expressed as the proportion
of live spermatozoa among the total number of sperm cells evaluated.
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Membrane integrity

Sperm plasma membrane integrity was assessed using the hypo-osmotic swelling test (HOST) following the
procedure described by Tran et al. (2025). Briefly, semen (20 pL) was diluted with 80 pL of hypo-osmotic solution and
maintained at 37°C for 30 min. Following incubation, an aliquot of the suspension was transferred onto a glass slide and
examined microscopically (400x magnification) to determine sperm membrane integrity. Spermatozoa showing coiled or
swollen tails were considered to have intact plasma membranes, whereas spermatozoa without tail swelling were
considered membrane-damaged (Figure 1B). At least 200 spermatozoa were evaluated per sample.

Acrosome integrity

Acrosome integrity was assessed using the Giemsa staining method described by Nguyen et al. (2025). Spermatozoa
were fixed on glass slides and air-dried at room temperature for 10 minutes. The samples were then immersed in 96%
ethanol for 15 seconds for fixation, followed by air-drying at room temperature (25°C) for an additional five minutes.
Subsequently, the slides were stained with 10% Giemsa solution for 10 minutes. After staining, the slides were gently
rinsed with water, air-dried at room temperature, and examined under the microscope (Figure 1C). Spermatozoa with
intact acrosomes exhibited purple staining at the head, whereas spermatozoa with damaged or incomplete acrosomes did
not.

Antioxidant capacity

Seminal antioxidant activity was determined by measuring the ABTS radical-scavenging capacity based on the
method of Nenadis et al. (2004), with slight modifications. Fresh semen (10 pL) was added to 990 uL of ABTS* working
solution and allowed to react for 6 minutes at room temperature (28-30°C). The absorbance of the reaction mixture was
recorded at 734 nm using a UV-Vis spectrophotometer (Thermo Fisher Scientific, USA). Each sample was analyzed in
three independent measurements, and antioxidant activity was reported as the percentage of ABTS" radical scavenging.

DNA fragmentation

DNA fragmentation was assessed using the Sperm Chromatin Dispersion (SCD) method. Sperm samples were
stained with Giemsa and observed under the microscope (Figure 1D). Spermatozoa with intact DNA displayed a halo
around the nucleus, whereas those with fragmented DNA did not, as described by Absalan et al. (2012).
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Figure 1. Representative photomicrographs of rabbit sperm used for semen quality evaluation. A: Viable spermatozoa (red arrow) and
dead spermatozoa (black arrow), B: Spermatozoa with intact plasma membranes (red arrow) and damaged membranes (black arrow), C: Spermatozoa

with intact acrosomes (red arrow) and damaged acrosomes (black arrow), D: Spermatozoa with non-fragmented DNA (red arrow) and fragmented
DNA (black arrow).
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Assessment of in vivo reproductive performance of female rabbits

The in vivo reproductive performance of female rabbits was evaluated based on pregnancy rate, gestation length,
litter size, and offspring body weight. Mating was conducted in up to three consecutive rounds, and pregnancy was
diagnosed 10 days after mating. Non-pregnant or pseudo-pregnant females were remated after a resting period of at least
one month. Gestation length was calculated as the interval from mating to parturition and typically ranged from 28 to 32
days. Litter size was determined by counting the number of live-born kits at birth, while dead kits were recorded
separately. Neonatal body weight was measured using an electronic balance before suckling, and total litter weight as
well as average kit weight were calculated at birth and again at eye opening (10-12 days of age; Morshedy et al., 2022).

Statistical analysis

Data were analyzed using Minitab 16 software. Semen quality parameters measured at different sampling times
were analyzed using repeated measures analysis of variance (ANOVA), with nutritional supplementation level as the
inter-subject factor and sampling time as the intra-subject factor. When significant differences were detected, the mean
values of the treatment groups were compared using Tukey’s post hoc test. Reproductive performance and offspring
growth parameters were analyzed using one-way ANOVA, with nutritional supplementation level as the primary factor,
followed by Tukey’s post hoc test. Normality of residuals and homogeneity of variance were assessed before statistical
analysis. Data are presented as mean * standard deviation (SD), and differences were considered statistically significant
at p-value less than 0.05.

RESULTS

Semen quality

Semen quality parameters of male rabbits supplemented with different levels of C. militaris extract are presented in
Table 1. Dietary supplementation affected several semen quality traits during the experimental period. In general,
supplemented groups showed higher sperm motility, viability, membrane integrity, acrosome integrity, and antioxidant
capacity, together with lower DNA fragmentation than the control group during weeks 6-12 (p < 0.05). Among the
treatment groups, the 40 mg/day group generally produced the most favorable response across the measured parameters
(p < 0.05). Subsequently, from week 14 onwards, several semen quality parameters declined significantly.

Overall sperm motility

Differences in sperm motility among dietary treatments became evident during the later stages of the experiment
(Table 1). Between weeks 6 and 12, rabbits receiving C. militaris supplementation consistently maintained higher
motility than those in the control group, with significant differences observed among all supplemented treatments (p <
0.05). Among the supplemented treatments, the 40 mg/day group generally showed the highest motility values, reaching
74.34% at week 8 and remaining above 70% until week 12 (p < 0.05). In comparison, sperm motility in the control group
remained relatively stable at approximately 54-55% during the same period. Although supplementation levels of 80 and
160 mg/day also improved sperm motility compared with the control treatment, their values were not significantly higher
than those observed in the 40 mg/day group (p > 0.05). Sperm motility changed significantly throughout the
experimental period across all treatment groups from week 6 to week 14. Sperm motility increased from week 6 to week
8 and remained relatively stable through week 12, followed by a decline at week 14 in all treatment groups. Compared
with the control group, sperm motility was significantly higher in the supplemented groups during weeks 6-12 (p < 0.05),
whereas no significant difference was observed at week 14 (p > 0.05).

Sperm viability

Dietary supplementation with C. militaris increased sperm viability compared with the control group during weeks
6-12 (Table 1; p < 0.05). By week 14, no significant differences in sperm viability were detected among any of the
treatment groups, including the control group (p > 0.05). The maximum viability was recorded at week 8 in rabbits
receiving 40 mg/day. No significant differences in sperm viability were observed among the supplemented groups,
suggesting that increasing the supplementation level beyond 20 mg/day did not provide an additional beneficial effect on
sperm viability.

Membrane integrity

Supplementation with C. militaris extract improved sperm membrane integrity compared to the control group during
weeks 6-12 (p < 0.05). Specifically, at week 8, the 40 mg group achieved the highest value (39.79%) compared to the
control group (30.00%), and maintained high levels at week 10 (39.27% with 29.97%) and week 12 (38.53% with
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29.61%). Doses of 20, 80, and 160 mg also showed higher values than the control group (approximately 36.4-37.7%),
but there were no significant differences between these doses (p > 0.05). Overall, the 40 mg dose provided the best and
most stable results across all time points. By week 14, sperm membrane integrity had decreased across all groups, with
values ranging from approximately 28.39% to 30.01%. No significant differences were detected among the groups at this
time point (p > 0.05).

Table 1. Effects of Cordyceps militaris extract supplementation on sperm quality parameters in 9-month-old male
rabbits over 14 weeks

Parameter (%) Dose (mg) Week 6 Week 8 Week 10 Week 12 Week 14
0 55.08°+ 1.31 55.12°+ 1.19 55.06°+ 1.33 5441°+122  5419%°+135
20 68.80°+ 1.23 70.05°+ 1.25 69.14°+ 1,23 67.83"+1.21 52.83"+ 0.94

Overall sperm a a a a a

motility 40 70.24%+1.15 74.343+1.22 73.38%+1.20 71.99°+1.18 56.06% + 0.92
80 69.82%+ 1.50 71.08%+ 1,53 70.16®+ 1.51 68.83°+1.44  53.60%+1.15
160 69.07%+ 0.53 69.97°+ 0.57 69.06° + 0.49 67.76° + 0.52 52.77° + 0.40
0 29.97°+ 1,55 30.00°+ 1.67 29.97°+ 1,61 29.61° + 1.59 29490 £1.21
20 37.01%+0.73 37.68%+0.93 37.19%+0.98 36.48%+0.97 28.41%+0.75
:\r’]'g;‘ﬁ[;”e 40 37.59°% 1.00 39.79°% 1.05 39.27°+ 1.04 3853+£102  30.01°+0.79
80 36.12%+ 0.53 36.94%+ 1.14 37.44%+0.87 37.02°+0.81 27.82%+0.68
160 36.97°+ 0.98 37.64%+ 1.07 37.15%+ 0.66 36.45%+0.76 28.39%+0.73
0 64.15°+ 2.31 64.21°+ 2.27 64.14°+2.12 63.37°+ 2.28 63.12%+2.35
20 85.43%+ 2.89 86.98%+ 2.95 85.85%+ 2.83 84.23°+2.81 65.60% + 2.20
Viability 40 85.84%+ 4.54 90.85%+ 2.80 89.67%+ 2.74 87.98%+2.60 68.52% + 2.62
80 84.27°+ 2.14 87.70%+ 2.64 85.12%+ 2.67 84.59% + 2.77 65.78%+2.32
160 85.35%+ 2.62 86.89%+ 2.87 85.76%+ 2.45 84.14% + 2.64 65.53%+2.29
0 85.50° + 3.08 85.57°+3.09 85.48°+ 3.01 84.46°+3.14 84.12%+3.03
20 92.93%+1.39 94.61°+ 1.44 93.38+ 1.40 91.62°+1.35 71.35° + 1.06
ﬁggfﬁg‘e 40 94.41%+ 1.41 99.92%+ 1.49 98.62°+ 1.38 96.76°+1.45  75.36°+1.13
80 92.93°+1.33 94.61°+ 1.53 93.38°+ 1.46 91.62°+ 1.47 71.35° +1.10
160 92.84%+1.25 94.52°+1.21 93.29°+1.33 91.53°+1.26 71.28"+1.23
0 22.60°+0.77 22.62°+0.83 22.60°+ 0.82 22.33°+0.76 22.24°+0.80
o 20 33.01%+1.19 33.61%+1.22 33.18%+1.28 32.55%+1.12 25.35%+0.95
g;f;‘;ﬁfa”t 40 33547+ 1.21 35.50°+ 1.18 35.04°% 1.16 3437°+124  26.77°+0.97
80 33.01%+1.11 33.61%+ 1.27 33.18%+1.30 32.55%+ 1.37 25.35%+0.88
160 32.98%+ 1.07 33.58%+ 1.11 33.14%+1.25 32.52%+1.33 25.32°+0.91
0 45.38%+1.08 45428+ 1.12 45378+ 1.23 44.83%+1.09 44.65% +1.16
20 38.24°+1.38 37.48"+1.35 37.86™ +1.37 38.28°+1.38  38.78°+1.40
Eg'gﬁ] entation 40 37.62°+1.36 35.76°+ 1.29 35.98°+1.30 36.23°+1.31 36.55° + 1.32
80 38.24°+1.31 37.48"+ 1.24 38.01°+1.28 3858+ 144  39.14+141
160 39.06"+ 1.41 39.84°+ 1.44 40.56"+ 1.46 41.34%°+149  42.02*+1.53

abed Means within a column of each parameter with different superscript letters differ significantly (p < 0.05)

Acrosome integrity

The results showed that supplementation with C. militaris increased acrosome integrity compared to the control
group at all time points (p < 0.05). Specifically, the 40 mg group achieved the highest level at week 8 (99.92%)
compared to 85.57% in the control group, and maintained high levels at week 10 (98.62%) and week 12 (96.76%; p <
0.05). The 20, 80, and 160 mg/day supplementation groups also exhibited significantly higher values than the control
group, ranging from approximately 91% to 94% (p < 0.05). By week 14, acrosome integrity values decreased to
approximately 71.28-75.36%; however, they remained statistically significant compared to the control group (p < 0.05).

Antioxidant capacity

Antioxidant capacity in semen samples was significantly higher in supplemented groups than in the control group
throughout the experimental period (Table 1; p < 0.05). The control group-maintained values of approximately 22%
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during weeks 6-14, whereas supplemented groups showed values ranging from approximately 32% to 35% during weeks
6-12. The 40 mg/day treatment showed the highest antioxidant capacity, particularly at weeks 8 and 10. No significant
differences in antioxidant capacity were observed among the supplemented groups (p > 0.05). At week 14, antioxidant
capacity decreased compared with week 12 across all supplemented groups.

DNA fragmentation index

A significant reduction in sperm DNA fragmentation was observed in rabbits receiving C. militaris supplementation
compared with the control group (Table 1; p < 0.05). The difference in DNA fragmentation index was evident from
weeks 6 to 12, during which all supplemented groups exhibited significantly lower DNA fragmentation levels than the
control group (p < 0.05). During weeks 8-12, the 40 mg/day group showed the lowest numerical sperm DNA
fragmentation among the supplemented groups, although the differences among supplementation levels were not
statistically significant (p > 0.05). Sperm DNA fragmentation in the 160 mg/day group increased progressively over the
experimental period and was no longer significantly different from the control group by week 14 (p > 0.05).

In vivo fertility and offspring

Pregnancy rate

Pregnancy rate following mating differed among treatments during the first mating period (Table 2). Female rabbits
mated with males receiving C. militaris supplementation generally showed significantly higher pregnancy rates than
those mated with control males (p < 0.05). The control group recorded the lowest first-mating pregnancy rate (33.33%),
whereas the 40 mg/day treatment achieved 100% pregnancy. Intermediate values (66.67%) were observed in the 20, 80,
and 160 mg/day treatments. Following the second mating, pregnancy rate reached 100% in all remaining groups, and no
significant differences among treatments were detected (p > 0.05).

Table 2. Pregnancy rates of female rabbits after mating with males supplemented with Cordyceps militaris

Treatment group First mating (%) Second mating (%)

0mg 33.33° 100

20 mg 66.67° 100

40 mg 100.00% Not applicable (all females pregnant after first mating)
80 mg 66.67" 100

160 mg 66.67° 100

abed Means within a column with different superscript letters differ significantly (p < 0.05)

Reproductive and offspring parameters

Table 3 summarizes the reproductive performance and early growth characteristics of the offspring. No significant
differences were detected among the treatment groups for gestation length, litter size, litter birth weight, litter weight at
two weeks, individual pup birth weight, or pup weight at two weeks (p > 0.05). Gestation length remained relatively
stable across treatments, ranging from 30.1 to 31.3 days.

Although the differences were not statistically significant, numerical variations were observed among the
supplemented groups in several reproductive and offspring growth parameters, including litter size, litter weight, and pup
body weight (p > 0.05). Litter size increased from 3.67 kits in the control group to 6.67 kits in the 160 mg/day treatment.
Similarly, supplemented groups showed a tendency toward higher litter birth weight and litter weight at two weeks of
age, particularly at the higher supplementation levels. However, the increase in total litter weight was not consistently
associated with higher individual pup weight. Pup weight at birth and at two weeks remained relatively similar among
the control, 20 and 40 mg/day treatments, whereas lower values were observed in the 80 mg/day group.

Table 3. Reproductive performance and offspring development parameters in female rabbits mated with males treated
with different doses of Cordyceps militaris

Parameter Treatment
0mg 20 mg 40 mg 80 mg 160 mg

Gestation length (days) 30.7+0.6 30.7+0.6 30.7+£0.6 31.3+0.6 30.0+1.0
Litter size (Kits) 3.7+0.6 40+£1.0 50+2.6 6.0+1.0 6.7+25
Litter birth weight (g) 186 + 43 207 £ 61 227 +101 260 + 78 323+121
Litter weight at 2 weeks (g) 367 + 96 409 + 121 474 + 176 473+ 128 590 + 219
Pup weight at birth (g) 50.5+5.9 51.3+25 46.5+5.6 429+8.2 484 +5.4
Pup weight at 2 weeks (g) 100.2 £18.5 101.6 +4.9 99.7+17.8 77.9+10.9 88.6 +1.0

There were no significant differences between the treatments in reproductive performance and offspring development parameters (p > 0.05)
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DISCUSSION

The improvement in semen quality observed following C. militaris supplementation is consistent with previous evidence
that dietary antioxidants can enhance reproductive function in male rabbits. Vitamin E and selenium, for example, have
been reported to improve sperm quality, antioxidant status, and fertility in rabbit bucks. Fadl et al. (2024) found that
supplementation with vitamin E and selenium significantly improved fresh and post-thaw semen characteristics and
increased conception and kindling rates in sub-fertile rabbits. Similarly, dietary organic selenium at 0.3 mg/kg dry matter
improved sperm functional characteristics, total antioxidant capacity, DNA integrity, and fertility in rabbit bucks
exposed to natural heat stress (Hosny et al., 2020). These findings are in agreement with the present results, in which C.
militaris-supplemented rabbits showed improved sperm motility, viability, membrane and acrosome integrity,
antioxidant capacity, and reduced DNA fragmentation compared with the control group during weeks 6-12.

Other natural antioxidant sources, including vitamin E and propolis, have also demonstrated beneficial effects on
rabbit semen quality (Hashem et al., 2013). Dietary supplementation with vitamin E or propolis at 150 mg/kg diet for 10
consecutive weeks improved semen quality and oxidative status in rabbit bucks during the hot season (Hashem et al.,
2013). In another study, dietary supplementation with vitamin E at 200 mg/kg diet, combined with vitamin C at 0.5 g/L
drinking water, was provided for 120 days. The combination of these vitamins at supranutritional levels inhibited
oxidative processes and improved the characteristics of fresh and stored rabbit semen (Castellini et al., 2003). More
recently, Origanum vulgare essential oil, applied in vitro at a 1072 dilution, was reported to improve sperm motility in
rabbits and increase the proportions of sperm subpopulations characterized by high velocity and progressivity (Zarhouti
et al., 2024). Taken together, these findings support the view that enhancement of antioxidant protection is a common
mechanism through which nutritional and phytogenic additives may help preserve sperm function. The present study
provides further evidence that C. militaris supplementation was associated with improvements in multiple indicators of
sperm quality and a higher first-mating pregnancy rate.

However, the magnitude and nature of the response vary depending on the antioxidant interventions and
experimental conditions (Fadl et al., 2024). Previous studies have demonstrated the beneficial effects of common
antioxidants in rabbits, particularly under conditions inducing oxidative stress. For example, Hosny et al. (2020) reported
that dietary supplementation with organic selenium at a dosage of 0.3 mg/kg dry matter for 12 consecutive weeks
improved sperm functional parameters, plasma membrane and DNA integrity, antioxidant status, and reproductive
performance in male rabbits exposed to natural heat stress. Similarly, a recent study on male rabbits with impaired
fertility showed that combined supplementation with vitamin E (100 or 200 IU/head) and selenium (0.1 or 0.2 mg/kg
body weight), respectively, once weekly for 8 consecutive weeks improved fresh and post-thaw semen quality and
increased conception and kidding rates, with the higher supplementation level producing the most favorable responses
(Fadl et al., 2024). The results reinforce the protective role of antioxidant supplementation in maintaining male
reproductive function under conditions of oxidative stress or fertility impairment (Hosny et al., 2020; Fadl et al., 2024).
In contrast, the current study was conducted on healthy male rabbits under standard experimental conditions, which may
have resulted in a less pronounced response to nutrient supplementation. Furthermore, differences in supplementation
strategies, dosages, and the physiological status of the animals among the cited studies make direct comparisons of
efficacy difficult. In the present study, supplementation with 40 mg/day of C. militaris yielded positive responses (in
terms of data) regarding certain semen parameters, although the differences between supplementation levels were not
always statistically significant. Therefore, the current results should be viewed as evidence of the potential beneficial
effects of C. militaris supplementation on semen quality, rather than as conclusive proof that this additive outperforms
traditional antioxidants such as vitamin E or selenium.

The beneficial effects observed in the present study may be related to the bioactive compounds present in C.
militaris, including cordycepin, adenosine, and polysaccharides. Among these constituents, C. militaris polysaccharides
have been reported to possess antioxidant activity, while cordycepin and adenosine have also been identified as
important bioactive constituents of this fungus (Jiang et al., 2011; Zhang et al., 2019; Gu et al., 2022). The favorable
changes in sperm function observed in the present study may be linked to the biological effects of cordycepin. In
experimental rats, cordycepin supplementation was associated with enhanced antioxidant defense and attenuation of age-
related testicular dysfunction (Kopalli et al., 2019). Previous studies indicated that oral administration of cordycepin
isolated from C. militaris at 5, 10, and 20 mg/kg body weight/day for six months attenuated testicular inflammation in
naturally aged rats, with the effects associated with modulation of the NF-kB/MAPK signaling pathway (Kopalli et al.,
2022). Therefore, the increased antioxidant capacity and reduced DNA fragmentation observed in supplemented rabbits
in the present study may be associated with the protective effects of C. militaris-derived bioactive compounds against
oxidative damage in sperm cells (Jiang et al., 2011; Zhang et al., 2019; Gu et al., 2022). Previous studies have also
reported beneficial effects of C. militaris on antioxidant status and male reproductive function in several animal species.
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In male Sprague—Dawley rats, dietary supplementation with C. militaris mycelium at 1% or 5% for 6 weeks increased
epididymal sperm count and sperm motility, with the effects becoming evident after 5 weeks of supplementation (Chang
et al., 2008). Similarly, in juvenile male mice, dietary administration of different C. militaris fermentation products at
5% of the diet for 28 days increased sperm concentration and the proportion of motile sperm in several treatment groups,
while some fermentation products also promoted testicular development and testosterone synthesis (Lin et al., 2022).
These findings were broadly consistent with the present study in male rabbits, in which dietary supplementation with C.
militaris extract was associated with improvements in sperm motility, viability, plasma membrane and acrosome
integrity, antioxidant capacity, and DNA integrity. However, the present study differs from previous studies in both
animal species and supplementation strategy. Whereas Chang et al. (2008) and Lin et al. (2022) evaluated C. militaris
mycelium or fermentation products in rats and mice, respectively, the present study evaluated a standardized C. militaris
extract in adult male rabbits at doses of 20, 40, 80, and 160 mg/day over a longer 14-week experimental period. In
addition, the present study assessed a broader range of sperm functional parameters and reproductive outcomes,
including pregnancy rate following natural mating. These differences suggest that the reproductive effects of C. militaris
may depend on the animal species, form of supplementation, dosage, and duration of administration.

The higher first-mating pregnancy rate observed in the present study is consistent with previous evidence that
improving semen quality through nutritional supplementation can enhance reproductive performance in male rabbits.
Fadl et al. (2024) reported that repeated intramuscular administration of vitamin E (100 or 200 1U/head) combined with
selenium (0.1 or 0.2 mg/kg body weight, respectively) once weekly for 8 consecutive weeks improved sperm
characteristics and increased conception and kindling rates in sub-fertile rabbit bucks. Similarly, Hosny et al. (2020)
found that dietary supplementation with organic selenium at 0.3 mg/kg dry matter for 12 consecutive weeks (84 days)
improved semen quality, DNA integrity, antioxidant status, and fertility in rabbit bucks exposed to natural heat stress.
The reproductive response observed following C. militaris supplementation may therefore be associated with the
improvement in sperm functional characteristics and antioxidant status observed in the present study. In contrast, the
absence of significant effects on litter size and early offspring growth differs from the fertility-related improvements
reported in some antioxidant supplementation studies. Such differences may be related to variation in animal
physiological status, supplementation strategy, experimental duration, and sample size among studies (Hosny et al.,
2020; Fadl et al., 2024).

CONCLUSION

The findings of the current study indicated that dietary C. militaris supplementation, particularly at 40 mg/day, has the
potential to improve semen quality and reproductive performance in rabbit bucks. The relatively low sample size and
limited physiological measurements represent important limitations of the present study. Further studies should
determine the optimal supplementation dose, duration and clarify the underlying physiological mechanisms.
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