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Impact of Methanolic Bee Pollen Extract on_Ram Sperm Quality in Short-
and Long-Term S\torage

Abstract

This study evaluated the effect of supplementing\a Tris=egg yolk-based extender with methanolic bee pollen extract
on the sperm quality of Zelirams during shart-term-storage and after\.cryopreservation. Semen was collected twice a
week from four mature Zel rams using an artificial vagina. After initial evaluation, qualified ejaculates were pooled
to eliminate individual variation.X\Samples were\diluted with extenders containing 0 (control), 5, 10, and 15 mg/mL of
methanolic bee pollen extract. Additignally, 0.1 miM.vitamin E was used as a positive control, and 5 pL of dimethyl
sulfoxide (DMSO) was added as the solvent for the extract, whose effect was also evaluated. Short-term storage was
carried out at 4°C for 5, 24,.48, and%2 hours. Cryopreserved samples were assessed 14 days after storage in liquid
nitrogen. Spérm parameters were evaluated, including motility, viability, plasma membrane integrity, mitochondrial
activity, morpholoegical abhermalities, and lipid peroxidation (MDA levels). Results showed that supplementation
with bee pollen extraet significantly (P<0.05) improved all evaluated parameters compared to the control. The 5
mg/mL treatment yielded“the best outcomes during short-term storage, while 15 mg/mL was most effective after
thawing. Mareover,.the 5 mg/mL concentration was superior in reducing oxidative stress by lowering MDA levels.
These findings suggestthat adding 5 mg/mL methanolic bee pollen extract to the extender improves ram sperm quality
and may be‘an.effective strategy for semen preservation.

KEYWORDS: Bee pollen, Cryopreservation, Flavonoids, Oxidative stress, Ram sperm
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Introduction

Artificial insemination (Al) is a widely used techniquein animal‘breeding that utilizes,both fresh and frozen-thawed semen. Sperm
preservation is crucial in various fields, including Al, species conservation, and clinical"applications (Watson, 1995). The use of
frozen-thawed ram semen, in particular, helps overcome geagraphical limitations, supports the conservation of endangered breeds,
and contributes to biodiversity preservation (Leboeuf et al., 1998).

A major challenge in sperm preservation is oxidative stress, which arises\during the freezing process (Koopers et al., 2008).
Oxidative stress negatively impacts sperm quality by inducing lipid pero%dation, protein damage, and DNA fragmentation. These
effects collectively reduce sperm functionality and@verall semeniquality (Aitken et al,. 2016).

Antioxidants are compounds that mitigate oxidative stress by neutralizing free radicals and reactive oxygen species (ROS), thereby
preventing oxidative cellular damage (Maestri et al.,'2006). Consequentlyjantioxidants have been extensively studied as protective
agents in sperm preservation (Scheibmeir et al., 2005),Ameng,the various antioxidant compounds, those of natural origin, such as
bee pollen, have garnered particular interest. Bee pollentis rich in polyphenols and flavonoids, both of which are powerful natural
antioxidants . Flavonoids, in particular, possess redox properties that enable them to effectively scavenge free radicals and prevent
the oxidation of lipids, proteins, and\other cellular cemponents (Rodriguez-Polite et al., 2023).

This study aimed to investigate the effects of differenticoncentrations of methanolic bee pollen extract on the quality of Zel ram
sperm after both liquid starage and cryopreservation.

\

Materials and Methods

Semen was collectedtwice a week from four adult Zel rams using an artificial vagina. After the initial evaluation, ejaculates were
pooled to eliminate individuawariation. The pooled semen was diluted in a Tris-egg yolk extender containing 0 (control), 5, 10,
or 15 mg/mL methanolic’bee pollen extract. Additional treatments included 0.1 mM vitamin E (positive control) and 5 pL DMSO
(solvent contral).

Samples were stored at 4°C for 0, 24, 48, and 72 hours and then frozen in straws filled with extender containing 6.5% glycerol.
After 14 days of storage in liquid nitrogen (—196°C), samples were thawed at 37°C for 30 seconds.

Post-thaw assessments included sperm motility (visual observation), viability (Eosin-Nigrosin staining), plasma membrane
integrity (Hypo-Osmotic Swelling Test), morphology (Hancock solution), mitochondrial activity (Rhodamine 123), and lipid
peroxidation levels (measured by malondialdehyde, MDA). Data were analyzed using a completely randomized design in SAS
(version 9.2) with the General Linear Model (GLM), and treatment means were compared using Tukey’s test (P < 0.05).

Results and Discussion

Bee pollen is rich in flavonoids, phenolic compounds, and fatty acids, contributing to its potent antioxidant properties and its
protective role against oxidative stress in sperm cells (Y1ldiz et al., 2013; Agarwal et al., 2014). This study investigated the effects
of methanolic bee pollen extract on ram sperm quality during short-term cold storage and after cryopreservation. Significant
improvements were observed in sperm appearance, viability, morphology, membrane integrity, mitochondrial activity, and reduced
MDA concentration at 24, 48, and 72 hours in treated samples compared to the control group (P < 0.05).

Among the tested concentrations, 5 mg/mL consistently showed the most favorable outcomes,demonstrating the highest motility
and mitochondrial activity at 24 hours, superior membrane integrity, motility, morphology, and viability at 48 hours, and sustained
improvement in motility, membrane integrity, and viability at 72 hours. Additionally, this concentration maintained the lowest



MDA levels across all time points, indicating strong protection against lipid peroxidation and oxidative damage (Chen et al., 2020;
Blokhina et al., 2003).

While the 10 mg/mL concentration effectively improved sperm morphology at 24 and 72 hours and preserved mitochondrial
activity at 72 hours, the 15 mg/mL extract exhibited the highest membrane integrity at 24 hours and the greatest mitochondrial
activity at 48 hours. After 10 days of cryostorage, all concentrations (5, 10, and 15 mg/mL) positively influenced post-thaw sperm
parameters. However, the 15 mg/mL extract yielded the best results in terms of post-thaw viability, membrane integrity,
morphology, and overall survival, whereas the 5 mg/mL concentration maintained the highest mitochondrial activity and lowest
MDA levels, emphasizing its strong antioxidant capacity. These findings are consistent with previous reports on the effectiveness
of bee pollen’s bioactive compounds, regardless of extraction solvent, in preserving sperm quality under oxidative stress (Al-Amery
& Banana, 2020).

Conclusion

Methanolic bee pollen extract at concentrations of 5, 10, and 15 mg/mL significantly improved the post-cold storage and post-thaw
semen quality of Zel rams. Among these concentrations, the 5 mg/mL concentration demonstrated the most favorable outcomes in
terms of sperm motility, mitochondrial activity, and protection against oxidative damage, with a dower risk of cytotoxicity.
Therefore, the 5 mg/mL concentration is recommended as an effective and safe natural additive for semen‘éxtenders in sperm cold
storage and cryopreservation
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