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Date palm pollen (DPP) is a natural source of bioactive compounds with strong antioxidant proper-
ties. This study aimed to evaluate the effect of different concentrations (20, 40, and 80 mg/mL) of
aqueous DPP extract, supplemented to a Tris-based extender (TBE) on the quality of ram (Ovis aries)
semen stored at 4 °C for 48 h. Semen from four rams (n=12) was diluted in TBE supplemented with 0
(control), 20 (DPP20), 40 (DPP40), or 80 mg/mL (DPP80) DPP extract and stored at 4 °C. Sperm
motility, kinematic parameters, and vitality were assessed at 0, 4, 24, and 48 h. The oxidative status
was evaluated by measuring lipid peroxidation (LPO) and total glutathione (GSH) after 24 h of stor-
age. The DPP20 group exhibited significantly higher progressive motility, sustained vitality, and im-
proved kinematic parameters (VCL and VAP) after 48 h than the control (P<0.05), whereas higher
DPP concentrations (DPP40 and DPP80) induced a dose-dependent cytotoxic decline in sperm quali-
ty. At 24 h, the DPP20 group showed a non-significant numerical reduction in LPO and an increase
in GSH levels compared with the control. These results indicated that supplementing TBE with 20
mg/mL DPP extract enhanced the structural and kinematic quality of chilled ram semen. Further stu-
dies with larger sample sizes are required to confirm its definitive impact on enzymatic antioxidant
status.
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INTRODUCTION

Reproductive efficiency in small rumi- key element of sustainable livestock pro-
nants, particularly sheep (Ovis aries), is a duction and genetic progress. The mainte-
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nance of sperm quality and functional
integrity ex vivo is a critical factor for the
successful implementation of assisted re-
productive technologies, such as artificial
insemination (AI) with chilled semen.
Ram spermatozoa are exceptionally
sensitive to oxidative stress due to the
high concentration of polyunsaturated
fatty acids (PUFAs) in their plasma mem-
branes and limited cytoplasmic antioxi-
dant enzymes (Salamon & Maxwell,
2000). During the cooling process, the
imbalance between the production of reac-
tive oxygen species (ROS) and antioxi-
dant defence mechanisms leads to lipid
peroxidation (LPO), resulting in irreversi-
ble damage to the axoneme, loss of motili-
ty, and reduced fertilising capacity (Denk
et al., 2025). To mitigate these effects, the
supplementation of semen extenders with
natural antioxidants has gained significant
research interest. Plant-derived extracts
rich in polyphenols and flavonoids offer a
promising alternative to synthetic com-
pounds because of their biocompatibility
and potent radical-scavenging activity
(Diab et al., 2021). In this context, the use
of suitable semen extenders and additives,
especially plant extracts with natural anti-
oxidant activity, is becoming increasingly
interesting as potential agents for preserv-
ing sperm quality during storage. One
promising candidate in this regard is date
palm pollen from Phoenix dactylifera L.
(DPP). The pharmacological and nutri-
tional potential of DPP is due to its rich
content of bioactive substances, including
proteins, amino acids, fats, flavonoids,
phenolic compounds, vitamins and miner-
als (Chhoud ef al., 2025). DPP extract is a
potential source of polyphenols that
inhibit DNA and protein damage, exhibit
antioxidant and antimicrobial activity, and
reduce the activity of acetylcholinesterase,
tyrosinase, and o-amylase (Habib et al.,

2023). Furthermore, a review by Tatar &
Akdevelioglu (2018) suggests that DPP
and similar extracts have the potential to
support male reproductive function by
neutralising reactive oxygen species
(ROS), thereby reducing oxidative stress
associated with male infertility.

In rats, DPP administration increased
the percentage of fast-moving sperm, as
well as the testis: epididymis ratio to body
weight, and in some cases, testosterone
and luteinising hormone levels (Mehraban
et al., 2014). The technology for diluents
with DPP has already been applied to
cryodiluents in horses, and reports showed
improved motility, viability, and mem-
brane and acrosomal integrity after thaw-
ing of gametes (EI-Sisy ef al., 2018). In
rabbits, supplementation of Tris-based
extenders with aqueous DPP extract main-
tained sperm viability and acrosomal in-
tegrity during storage at 4 °C for up to 72
h (Laghouati et al., 2023). This supports
our hypothesis that DPP may serve as a
natural antioxidant in semen extenders,
with the potential to improve sperm
storage and functionality across different
mammalian species.

Although plant-derived antioxidants
have been investigated for semen pre-
servation, evidence regarding their use in
chilled ram semen remains limited. Most
studies have been performed in rodents or
with human sperm, and data for rumi-
nants, whose sperm are more sensitive and
have shorter in vitro viability are lacking.
Therefore, the present study aimed to
evaluate the effect of adding different
concentrations (20, 40, and 80 mg/mL) of
DPP to Tris-based extender (TBE) on the
quality of ram (Ovis aries) semen stored
at 4 °C for 48 h.
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MATERIALS AND METHODS

Ethical approval

All procedures involving animals were
conducted in accordance with the Euro-
pean Directive 2010/63/EU on the pro-
tection of animals used for scientific
purposes and the relevant national legis-
lation on animal welfare.

Chemicals and reagents

All chemicals used in this study were of
analytical grade. A Tris-based extender
(3.63 g Tris (hydroxymethyl) amino-
methane, 0.50 g fructose, and 1.82 g
citric acid up to 100 mL distilled water)
was used as a control medium and as a
solvent for the preparation of the DPP
extract. For the preparation of the pol-
len-supplemented extenders, crude DPP
was provided by the University of Blida,
Algeria. Pollen from Phoenix dactylifera
L. was collected in March 2025 from
Touggourt, south of Algeria. Pollen was
air-dried in the dark for 48 h, freeze-
dried, and kept at 4 °C until use. The
aqueous extract was prepared as de-
scribed by Laghouati et al. (2021). Ali-
quots of TBE were supplemented with
20, 40 or 80 mg DPP per mL TBE,
vortexed until complete dispersion of the
pollen grains, and stored at 4 °C for 24 h
to allow extraction. After incubation, the
tubes were centrifuged, and the superna-
tant was carefully collected and repre-
sented the working pollen-containing
extender at the respective concentration
(20, 40 or 80 mg/mL.).

Semen collection

Semen was collected over three alternate
days (with 48-hour intervals between
collections) from four healthy rams of
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the Bulgarian Synthetic Dairy breed,
aged 2—4 years, belonging to the Insti-
tute of Animal Sciences — Kostinbrod,
Agricultural Academy. The animals were
maintained under uniform nutritional and
management conditions. Twelve ejacu-
lates (three from each ram) were col-
lected using an artificial vagina. Samples
were transported to the Institute of Biol-
ogy and Immunology of Reproduction
(BAS) for further analysis. Only ejacu-
lates with acceptable quality parameters
(volume >0.5 mL, sperm concentration
>2.5%10° spermatozoa/mL, and mass
motility >80%) were included in the
study.

Experimental design

On each collection day, four ejaculates
were pooled to eliminate individual male
semen variety. Each pooled sample was
divided into four equal aliquots and di-
luted (1:10) with TBE supplemented
with different concentrations of DPP
extract: control (without DPP), DPP20
(extender+20 mg/mL DPP), DPP40 (ex-
tender+40 mg/mL DPP), and DPPS80
(extender+80 mg/mL DPP). The final
sperm concentration in the diluted sam-
ples was adjusted to approximately
500x10° spermatozoa/mL. The samples
were gradually cooled from 37 to 4 °C
over 2 h and stored in a refrigerator at
4 °C for 48 h.

Assessment of sperm quality

Sperm motility and kinematic parameters
were evaluated at 0, 4, 24, and 48 h of
storage using a computer-assisted semen
analysis (CASA) system (Sperm Class
Analyser — SCA, Microptic, Spain) with
a phase-contrast microscope (Olympus,
BX41, Tokyo, Japan) equipped with a
heated stage and a charge-coupled de-
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vice (CCD) camera. For each sample,
5 pL of semen was placed on a pre-war-
med (37 °C) slide. The parameters recor-
ded included total and progressive moti-
lity (%), curvilinear velocity (VCL, pm/s),
average path velocity (VAP, um/s), and
straight-line velocity (VSL, um/s).

Sperm vitality

Sperm vitality (%) was evaluated using
eosin-nigrosin  staining  with  the
BrightVit vitality kit (Microptic, Spain)
according to the manufacturer’s instruc-
tions. Briefly, 5 uL of diluted semen was
mixed with 5 pL of staining solution and
smeared on a glass slide. After air-
drying, the slides were examined under a
light microscope (Olympus, BX51) at
x400 magnification. Live spermatozoa
remained unstained, whereas dead cells
were stained pink or red due to mem-
brane damage. At least five microscopic
fields and a minimum of 200 sperm cells
were evaluated per sample.

Measurement of antioxidant activity in
seminal plasma

Based on the kinetic results, the optimal
group (DPP20) and the control were se-
lected for biochemical evaluation at 24
h. Total protein in the seminal plasma
was measured according to a standard
protocol (Lowry et al., 1951) to normal-
ise the biochemical data at 700 nm and
quantitated using a calibration curve
prepared with bovine serum albumin
(Pentex, USA). Lipid peroxidation (LPO)
was measured by determining the con-
centration of malondialdehyde (MDA)
using the thiobarbituric acid (TBA) as-
say (Cat. No MAKO85, Sigma-Aldrich
Co., USA) and the results were ex-
pressed as nmol/mg protein. GSH was
determined using the DTNB [5,5°-

dithiobis (2-nitrobenzoic acid)] spectro-
photometric method (Assay Kit CS0260,
Sigma-Aldrich Co., USA), and the re-
sults were expressed as ng/mg of protein.

Statistical analysis

All data are presented as mean =+ standard
deviation (SD). The normality of the dis-
tribution was verified using the Shapiro-
Wilk test. A two-way repeated-measures
analysis of variance was employed to
evaluate the effects of DPP concentration
(0, 20, 40, and 80 mg/mL), storage time
(0, 4, 24, and 48 h), and their interaction
on sperm motility and kinematic parame-
ters. Differences between groups at spe-
cific time points were determined using
Tukey’s post hoc test. To compare the
antioxidant markers (LPO and GSH) be-
tween the control and optimum DPP dose
(20 mg/mL), an independent samples ¢-
test was used. The relationship between
LPO and the kinematic parameters (VCL,
VAP, and VSL) was analysed using Pear-
son’s correlation coefficient (r). Statistical
significance was set at P<0.05. All calcu-
lations were performed using IBM SPSS
Statistics for Windows, version 19.0.

RESULTS

Sperm motility and vitality

The effects of different concentrations of
aqueous date palm pollen (DPP) extract
on the total motility of chilled ram semen
are presented in Table 1. At the start of
the experiment (0 h), total motility was
uniform across all experimental groups
(P>0.05). However, a significant interac-
tion between storage time and DPP con-
centration was observed (P<0.01). After
24 h of refrigeration, the DPP20 group
exhibited significantly higher total moti-
lity (78.6+4.0%) than the control
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Table 1. Dynamics of total and progressive motility (%) in chilled ram semen supplemented with

date palm pollen (DPP) extract (Mean + SD, n=12)

Parameters Groups 0Oh 4h 24 h 48 h
Total Control 82.4+3.1 782+45  654+38" 582+4.1°
motility (%) DPP20 83.1+£2.8 81.5+34 78.6 +£4.0° 71.2+4.2°
DPP40 81.9+3.5 76.4+5.1 552+6.2° 42.1+£5.5°
DPP80 822+2.7 72.1+£4.8 48.3 +5.5¢ 35.4+5.19
Progressive motility ~ Control 75.0+11.2 70.0+15.5 67.0+12.0° 65.6+10.3°
(%) DPP20 80.0 £20.2 72.8 £14.7 75.0£10.4*  70.5+9.7°
DPP40 74.0 £10.7 70.5 £10.5 61.3£11.1° 39.0+9.7°
DPP80 72.0+12.4 69.0 £14.0 59.8+£9.2¢ 37.0+10.1°

*Different superscripts (a,b,c,d) within each column for each parameter indicate statistically signifi-

cant differences (P<0.05).
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Fig. 1. Sperm vitality (%) of ram spermatozoa stored at 4 °C in Tris-based extender (TBE) without
supplementation (0 mg/mL, control) and supplemented with 20, 40, or 80 mg/mL DPP extract at 0,
4,24, and 48 h. Data are expressed as mean + SD (n=12). Different superscript letters above bars (a,
b, ¢) within the same time point indicate statistically significant differences among groups (P<0.05).

(65.4+3.8%, P<0.05) and the higher con-
centration groups (DPP40 and DPP80). At
48 h, total motility remained highest in the
DPP20 (71.2+4.2%), while the DPP80
group demonstrated the lowest values
(35.445.1%; P<0.001).
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The effects of all tested DPP concen-
trations (20, 40, and 80 mg/mL) on sperm
vitality (%) were evaluated across all time
points (Fig. 1) and demonstrated a con-
sistent concentration- and time-dependent
decline. The DPP20 group maintained
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significantly higher vitality than the con-
trol group at 24 h (P=0.016) and 48 h
(P=0.009). In contrast, the DPP40 and
DPP80 groups showed significantly lower
vitality than both the control and DPP20
groups at the later storage time points
(P<0.05), with the lowest values observed
in the DPP80 group after 48 h.

Kinematic parameters (CASA analysis)

Kinematic analysis revealed that low-dose
DPP supplementation (20 mg/mL) pre-
served sperm velocity parameters more
effectively than in the control group (Ta-
ble 2). At 24 h, VCL and VAP were sig-
nificantly higher in the DPP20 group than
in all other treatment groups (P<0.05).
Conversely, high concentrations (40 and
80 mg/mL) significantly suppressed sperm
kinetics, expressed by lower velocity pa-
rameters (VCL, VAP, and VSL) than
those in the DPP20 group, suggesting a
dose-dependent inhibitory effect. The
simultaneous preservation of VCL, VAP,
and VSL in the DPP20 group suggests

that the extract effectively maintained the
mitochondrial membrane potential and
adenosine triphosphate (ATP) availability
required for high-velocity movement, pre-
venting the typical velocity decrease ob-
served in the control samples during re-
frigeration.

Oxidative status analysis

Analysis of oxidative status at 24 h
showed lower LPO levels (0.14+0.05 vs.
0.1840.09 nmol/mg protein; P=0.262) and
higher GSH levels (84.05+£8.29 wvs.
79.07£10.78 ng/mg protein; P=0.319) in
the DPP20 group than in the control group.
Pearson's correlation analysis revealed sig-
nificant negative correlations between LPO
levels and sperm kinematic parameters, the
strongest for VCL (r = —0.68, P=0.015),
followed by VAP (r =— 0.62, P=0.024) and
VSL (r =—0.59, P=0.038).

Table 2. Kinematic parameters (VCL, VAP, VSL) of chilled ram semen supplemented with date
palm pollen (DPP) extract during storage at 4 °C (Mean + SD, n=12)

Parameters Groups Oh 4h 24 h 48 h
Curvilinear Control 92.5+8.4 88.2+7.1 82.1+7.5° 745+ 6.8°
velocity DPP20 93.1+7.6 90.4+6.9 98.4 +8.2° 89.6 + 7.4°
(VCL, pm/s)  DPP40 91.8+8.9 85.0+9.2 72.4 £ 8.5° 582+9.1°
DPP80 92.0+75 80.3+8.8 65,8 +7.9° 48.3 +8.2¢
Average path Control 65.4+58 62.0+6.4 58.4+5.5° 50.1+6.2°
velocity DPP20 66.1+6.2 64.8+5.9 68.5+6.1 62.4+5.7°
(VAP, um/s)  DPP40 64.8 +6.5 59.2+7.1 50.2 + 6.8° 38.5+7.2°
DPP80 65.0+5.9 55.4+6.7 45.1+£7.3° 302 +£6.5¢
Straight-line  Control 482 +4.1 45.6+5.2 40.2 +4.8° 35.4+4.5°
velocity DPP20 49.5+3.9 48.1+4.5 542 +53° 48.8 £4.2°
(VSL, um/s)  ppp4g 478+46 423+5.1 35.1+5.5° 242 +4.9°
DPP80 48.0+4.2 38.2+5.4 30.4 +4.7° 18.5 +3.8¢

* Different superscripts (a, b, ¢, d) within each column for each parameter indicate significant diffe-

rences at P <0.05.
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DISCUSSION

The supplementation of ram semen ex-
tender with aqueous DPP extract im-
proved the quality of chilled spermatozoa
in a dose-specific manner. The present
findings identified 20 mg/mL as the opti-
mal biological concentration, effectively
preserving progressive motility, viability,
and key kinematic parameters (VCL and
VAP) for up to 48 h at 4 °C. The protec-
tive action of DPP on sperm kinematics
might be associated with its potential to
mitigate oxidative stress, as indicated by
the numerical reduction in lipid peroxida-
tion (LPO) and the numerical increase in
total glutathione (GSH) levels in this
study. The strong negative correlation
between LPO levels and sperm velocity
parameters (VCL, VAP, and VSL) sup-
ports the hypothesis that reduced oxida-
tive damage contributes to the improved
sperm function observed in the DPP20
group. This relationship suggests that DPP
at 20 mg/mL may stabilise the sperm
plasma membrane by reducing oxidative
damage, thereby preventing the structural
and functional deterioration typically in-
duced by cold shock. These findings sup-
port the potential application of DPP ex-
tract as a natural additive to improve the
efficiency of artificial insemination pro-
grams in sheep breeding.

Conversely, the significant decline in
motility and kinematic parameters ob-
served at higher concentrations (40 and 80
mg/mL) indicates the existence of a dose-
dependent effect. Similar observations
were reported by Laghouati et al. (2023),
who found that supplementation of aque-
ous DPP extract to a Tris-based extender
did not improve chilled rabbit semen qual-
ity or antioxidant capacity at concentra-
tions above 40 mg/mL. This shift from
protective to detrimental effects is con-
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sistent with the phenomenon frequently
reported for high doses of phytochemicals
(Qamar et al., 2022). Excessive concen-
trations may induce osmotic stress or dis-
rupt intracellular redox balance, ultimately
overriding antioxidant benefits and accel-
erating cellular deterioration (Ros-Santa-
ella & Pintus, 2021).

In contrast, other studies have demon-
strated the beneficial effects of DPP ex-
tract on sperm quality in rabbits during
short-term incubation (up to 2 h at 37 °C)
using similar concentrations of 20, 40, and
80 mg/mL (Laghouati et al., 2023). Posi-
tive effects have also been reported in
other species, including bulls, buffaloes,
and Arabian stallions, particularly at con-
centrations between 10 and 50 mg/mL,
mainly through improvements in sperm
motility (El-Sheshtawy ef al., 2014, 2016;
El-Sisy et al., 2018).

The high sensitivity of ram spermato-
zoa to cold stress is largely related to the
unique lipid composition of their plasma
membranes, which contain a high propor-
tion of PUFAs. During cooling at 4 °C,
reactive oxygen species (ROS) are spon-
taneously generated, initiating lipid perox-
idation cascades that impair membrane
fluidity and axonemal function (Wang et
al., 2025). Therefore, the assessment of
oxidative status (LPO and GSH) after 24
h of storage was intended to characterise
the biochemical condition of the cells at
the stage when functional deterioration
began to appear in the high-dose groups.

The numerical LPO pattern observed
in the DPP20 group, if confirmed in a
larger sample, may indicate that the bioac-
tive compounds present in DPP, particu-
larly flavonoids, phenolic acids, and a-
tocopherol, contribute to neutralising ROS
and stabilising the sperm lipid bilayer.
This biochemical protection is consistent
with the improved kinematic performance
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observed in this group, especially the
maintenance of curvilinear and straight-
line velocities. The observed inverse rela-
tionship between LPO levels and sperm
kinetics further supports the hypothesis
that preserved motility results from re-
duced oxidative damage to the membrane.
Moreover, a numerical increase in total
glutathione (GSH) levels, although statis-
tically insignificant, may indicate en-
hanced endogenous antioxidant defense.

These observations are consistent with
previous findings in caprine spermatozoa,
where similar preservation of motility and
VCL values has been reported (Ng et al.,
2022). It has been suggested that natural
antioxidants protect mitochondrial func-
tion and ATP production by maintaining
the structural integrity of the sperm
midpiece and tail (Bucak et al., 2010;
Kameni et al., 2021). In the present study,
the DPP20 group maintained the highest
sperm vitality during storage, with signifi-
cant differences between treatment groups
becoming evident after 4 h and persisting
through 48 h (Tukey's post hoc test,
P<0.01). These findings suggest that the
bioactive compounds of DPP may help
preserve sperm plasma membrane integri-
ty by reducing physical and oxidative
stress during chilled storage.

However, the pronounced deteriora-
tion of motility and viability observed in
the DPP40 and DPP80 groups, which
became evident as early as 4 h and pro-
gressed throughout storage, warrants fur-
ther consideration. Although DPP is wide-
ly recognised as a fertility-enhancing natu-
ral product, excessive concentrations of
polyphenols may trigger an “oxidative
paradox”, in which antioxidant com-
pounds begin to exhibit pro-oxidant activ-
ity, potentially through mechanisms such
as Fenton-type reactions or alterations in
intracellular redox potential (Kameni et

al., 2021). The marked decline in sperm
vitality in the higher-dose groups further
supports this hypothesis. Additionally, the
high concentration of aqueous extract may
have induced an osmotic imbalance in the
extender medium. Hypertonic or highly
viscous environments are known to in-
crease the mechanical resistance to
flagellar movement, which may explain
the reduction in VSL and VAP observed
prior to the complete loss of cell viability
(Sohail et al., 2024; Medeiros et al.,
2002). Considering the limited cytoplas-
mic volume of ram spermatozoa and their
restricted enzymatic antioxidant capacity,
the exogenous antioxidant support provid-
ed by DPP appears to be particularly im-
portant for maintaining sperm survival
during short-term storage.

These findings suggest that although
DPP possesses considerable potential as a
semen additive, its application requires
strict dosage control. The beneficial
trends observed at 20 mg/mL were associ-
ated with a numerical reduction in LPO
(P=0.262) and a numerical increase in
GSH levels (P=0.319). These observa-
tions, together with the significant nega-
tive correlations between LPO levels and
sperm velocity parameters, suggest that
reduced oxidative damage may contribute
to the preservation of sperm function. In
contrast, higher doses appeared to disrupt
the delicate physiological balance of ram
gametes. A limitation of the present study
is the small sample size, which resulted in
limited statistical power. Future studies
with larger sample sizes and greater bio-
logical replication are required to confirm
these findings and further elucidate the
antioxidant mechanisms of DPP extract in
ram spermatozoa.

In conclusion, supplementation of ram
semen extenders with aqueous DPP ex-
tract improves the quality of chilled sper-
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matozoa in a dose-specific manner. A
concentration of 20 mg/mL was identified
as the optimum biological dose, effec-
tively preserving progressive motility,
sperm vitality, and key kinematic parame-
ters (VCL and VAP) for up to 48 h at 4
°C, whereas higher concentrations (40 and
80 mg/mL) exerted a detrimental cyto-
toxic effect. While the oxidative status
analysis revealed numerical shifts consis-
tent with a potential antioxidant mecha-
nism, these changes did not achieve statis-
tical significance, highlighting the limita-
tion of the study in terms of statistical
power. Nevertheless, the strong negative
correlation between LPO levels and sperm
velocity parameters suggests that reduced
lipid peroxidation may contribute to the
preservation of sperm function during
chilled storage. These findings support the
application of DPP at strictly controlled
doses as a promising natural additive for
enhancing the efficiency of artificial in-
semination programs in sheep breeding.
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