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Abstract

HIS study investigates the effect of adding various concentrations of quercetin (QUE)

on the post-thaw semen quality of Zaraibi bucks. Semen was collected from seven
bucks, examined, and dispensed into five portions, where each portion was diluted with
Tris egg yolk extender supplemented with 0 uM as a control, 10 uM, 15 puM, 25 uM, and
40 uM of QUE per mL of semen extender. The diluted portions were loaded into mini-
straws, sealed, and frozen in liquid nitrogen. Frozen-thawed straws were evaluated for
sperm progressive motility, kinematic parameters, viability, plasma membrane, and
acrosome integrity. Also, seminal superoxide dismutase (SOD), glutathione peroxidase
(GPX), and total antioxidant capacity (TAC) levels and malondialdehyde (MDA) content
were assessed. Our results revealed that the extender supplemented with 25 uM QUE has
significantly (P<0.05) higher CASA sperm progressive motility, curve line, straight line,
and average path velocities than the control. The sperm viability, plasma membrane, and
acrosome integrity of the 25 and 40 uM QUE groups were markedly higher (P<0.05)
compared to those of the control group. SOD and GPX levels were substantially higher
(P<0.05) in semen samples supplemented with 25 uM QUE, while TAC was significantly
greater (P<0.05) in 15, 25, and 40 uM QUE groups. Conversely, MDA content was
markedly lower (P<0.05) in 25 uM QUE. In conclusion, adding 25 uM QUE in the freezing
extender enhances post-thaw buck semen quality via minimizing reactive oxygen species
production and lipid peroxidation, as evidenced by the obtained higher sperm
characteristics and enzymatic antioxidant activity.
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Introduction with cryopreserved semen is potent reproductive
biotechnology for the conservation of the genetic
material of superior males for long periods to
improve animal reproduction and production [2].
Cryopreservation is a method to freeze and thaw the
sperm cells while keeping their viability. It allows

Goats (Capra hircus) are an important source of
income worldwide especially in developing countries
as they can adapt to harsh environments and poor
feeding conditions [1]. Artificial insemination (Al)
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improved fertility when handled in vitro as gametes
or embryos can be kept in liquid nitrogen for a long
time [3]. The sperm undergoes cryodamage
throughout the freezing and thawing procedures with
subsequent reduced fertilizing capacity due to
oxidative stress and lipid peroxidation of the sperm
cell membrane [4]. Buck sperm cell membrane has a
high content of polyunsaturated fatty acids, so sperm
becomes more susceptible to lipid peroxidation in the
presence of reactive oxygen species (ROS) during
semen cryopreservation [5]. Multiple compounds
have recently been added to semen extenders to
mitigate lipid peroxidation effects on sperm cells
increasing the fertilizing capacity of frozen-
thawed sperm cells [6]. Enriching semen extenders
with  antioxidants mitigates  oxidative  stress
enhancing the post-thaw sperm quality [7]. Quercetin
(QUE) is a dietary flavonoid found in many
vegetables and fruits and acts as an effective
antioxidant in addition to various biological activities
that involve anti-inflammatory, antimicrobial, and
anticarcinogenic ~ properties [8]. QUE  has
a polyphenolic structure that prevents oxidation by
acting as a scavenger of free radicals, which are
responsible for chain reactions [9], and detoxifies
oxidative stress-related enzymes, preventing ROS
generation [10]. Since QUE contains several double
bonds and hydroxyl groups, it can reduce free
radicals controlling oxidative stress by donating
electrons through resonance [11]. QUE inhibits free
radicals' production via iron chelating and inhibits
the generation of lipid peroxyl radicals and
superoxide ions [12]. Supplementation of semen
extenders with QUE improves post-thaw sperm
quality in bucks [13], bulls [14], rams [15], and boars
[11]. Therefore, this study investigates the possible
effects of incorporating different concentrations of
QUE into the freezing extender on the post-thaw
buck semen quality.

Materials and Methods

Chemicals

Unless otherwise stated, all chemicals used in this
study were procured from Sigma-Aldrich Chemical
Co., USA.

Ethical statement

The Institutional Animal Care and Use
Committee of the Faculty of Veterinary Medicine at
Kafrelsheikh University, Egypt allowed approval
(KFS-IACUC/219/2024) for the present study
involving the sampling.

Experimental animals and semen collection

This study was performed at the Riwina Govern-
mental  Station, Animal  Production  Farm,
Agricultural Research Center, Kafrelsheikh, Egypt,
from October to December 2023. Semen was
collected from seven fertile healthy adult Zaraibi
bucks aged 1 - 2 years with good testicular structure
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proved by ultrasonographic examination using a
7.5MHz linear-array transducer and a B-mode
scanner (testicular parenchyma was homogenous
with  moderate echogenicity throughout). The
animals were housed in a shed with half walls and
wire mesh above with a concrete floor, fed daily with
0.5 Kg concentrate mixture besides green fodder ad
libitum. The bucks were in good general health
condition, free from acquired and congenital
abnormalities, and regularly received anthelmintics.
After three weeks of acclimatization to semen
collection by electroejaculation (EE), one ejaculate
was collected from each buck per week for 7 weeks
by using an electroejaculator (€320, Minitube,
GmbH, Germany), in total 42 ejaculates were
collected. The EE device was automated, with a
starting voltage of 1 volt and a maximum voltage of
8 volts. It alternated between stimulation and rest for
5 seconds each.

Quercetin preparation

QUE was prepared as described by Diniz et al.
[16]. Briefly, 40 mg of quercetin hydrate was
dissolved in 400 pL of 1M NaOH in an Eppendorf
1.5 mL capacity with the help of a vortex (VM-S,
Taisite, New York, USA) and then transferred into
a falcon tube containing 36 mL of Milli-Q water. pH
was adjusted to 8.0 with 70% orthophosphoric acid.
Finally, the stock solution (1 mg/mL) is obtained by
adding Milli-Q water to get the volume up to 40 mL.

Semen dilution, freezing, and thawing

Ejaculates of more than 80% individual motility
and more than 3x10%mL sperm cell concentration
were pooled and divided into 5 aliquots. Each aliquot
was diluted with the Tris egg yolk extender, which
was freshly prepared by dissolving 3.07 gm Tris,
1.64 gm citric acid, 1.26 gm fructose, 100 mg
streptomycin, 15% egg yolk, and 5% glycerol in100
mL Milli-Q water and then adjust its pH to 6.8-7.2
[17]. Diluted aliquots containing 0 uM as a control
(CTRL), 10 pM (10 pM QUE), 15 pM (15 pM
QUE), 25 uM (25 uM QUE), 40 pM (40 uM QUE)
of QUE were prepared to a final sperm cell
concentration 400 x 10° sperm/mL [4]. The extended
semen samples were equilibrated at 4 °C for 4 hours,
aspirated into 0.25 mL mini-straws (IMV, L’Aigle,
France), and sealed with polyvinyl alcohol powder.
The loaded straws were kept in liquid nitrogen vapor
4 cm above the nitrogen surface for 10 min then
dipped into liquid nitrogen (—196 °C) for freezing.
After one week of storage, the frozen straws were
thawed at 37 °C for 30 seconds before evaluation
[18].

Semen evaluation

The thawed straws were evacuated in a 0.6 mL
Eppendorf to assess the following seminal
parameters:

Progressive motility and kinetic parameters
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Sperm  progressive  motility and  motion
parameters were assessed using a computer-assisted
sperm motility analysis (CASA, Version 12 IVOS,
Hamilton-Thorne Biosciences, Beverly, MA, USA).
A 10 pL of frozen-thawed semen sample was
transferred to a chamber, which was placed in the
microscope's warm stage (37 °C). Three microscopic
fields were selected randomly for each concentration
and scanned 5 times for each field [19]. Sperm
kinetic parameters include curve line velocity (VCL,
pum/s), straight-line velocity (VSL, um/s), average
path velocity (VAP, um/s), linearity % (LIN =
(VSL/VCL) x 100), straightness % (STR =
(VSL/VAP) x 100), wobble % (WOB = (VAP/VCL)
x 100) coefficient were evaluated for control and
treatment groups.

Sperm viability

The viability of spermatozoa was evaluated using
semen smears stained with eosin-nigrosin stain as
described by Gangwar et al. [20]. Two hundred
sperm cells were examined using a 400x objective
lens. Unstained sperm cells were considered viable
sperms while dead sperms were pink-stained.

Plasma membrane integrity

The plasma membrane of sperm has been
examined for functional integrity using the hypo-
osmotic swelling test (HOST) using HOS solution
(0.75 g tri-sodium citrate + 1.351 g fructose
dissolved in 100 mL Milli-Q water). A 50 uL of each
semen sample was added to 500 pL of HOS solution
and incubated at 37 °C for 30 min. After incubation,
2 pbL of the prepared well-mixed sample was
examined on a pre-warmed slide (37 °C), covering it
with a pre-warmed coverslip under a phase-contrast
microscope (400x). At least, 200 sperm cells were
examined to determine their capacity for swelling in
HOS solution. Sperm cells with coiled or swollen
tails of various forms were considered to have
functional plasma membranes [21]. The true HOST-
positive sperm cell % was calculated by subtracting
the % of abnormal tail morphology before exposure
to HOST from the total % of HOST-positive
spermatozoa [22].

Acrosomal integrity

Five uL of frozen-thawed semen was smeared on
a clean glass slide and dried on a warming plate at
38.5 °C. The semen smears were fixed in methanol
for at least 10 min before being washed under the tap
water. The fixed semen smears were immersed into a
staining jar containing 7.5% buffered Giemsa stain
solution (3 mL Giemsa stock solution mixed with 2
mL phosphate buffer saline, and 35 mL Milli-Q
water of pH 7) for 90 min. Furthermore, the slides
were immediately washed from the excess stain and
dried. The stained smears were examined using an oil
immersion lens, and 200 sperms were evaluated.
Acrosome-positive sperms were defined as having

uniformly purple-stained acrosomal caps, whereas
acrosome-negative sperm cells had disrupted and/or
unevenly stained or lost acrosomal caps [22].

Activity of enzymatic antioxidants and lipid
peroxidation

The frozen-thawed straws were centrifuged at
1000 g for 10 min and the resulting supernatants
were examined for the following analyses:

Superoxide dismutase activity (SOD)

SOD activity (U/mL) was measured by using
aCayman SOD assay kit (706002, Cayman
Chemicals Co, Colorado, USA) following the
methodology of Kumar et al. [23]. In each well, 200
pL of diluted radical detector was mixed with 10 pL
of standards/samples and 20 uL of diluted xanthine
oxidase. The plate was incubated with gentle shaking
for 20 min at room temperature. Following that, SOD
standards were used to establish standard curves, and
sample SOD activity was estimated.

Glutathione peroxidase activity (GPX)

The activity of GPX was detected using
aCayman GPX assay kit (703102, Cayman
Chemicals Co, Colorado, USA). 100 uL of assay
buffer was added in each well on the plate then
mixed with 50 pL of the co-substrate mixture and 20
pL standards/samples. The addition of 20 pL of
cumene hydroperoxide initiated the reaction. Using
the colorimetric plate, the absorbance was
determined at wavelength 340 nm every 1 min for 5
min. The standard curve was created using the GPX
standards and GPX values were reported as
nmol/min/mL [24].

Total antioxidant capacity (TAC)

Benzine and Strain's technique was utilized to
estimate the TAC in seminal plasma as described by
Mayasula et al. [25]. TAC kits (TA 2513,
Biodiagnostic, Cairo, Egypt) were used in this
method. Briefly, with the presence of antioxidants
which donate electrons, the colorless complex
transforms into a bluish color. The colored complex
absorbance at 593 nm is used to calculate the
antioxidant capacity of the seminal plasma. The
ferric-reducing antioxidant power (FRAP) reagent
was prepared and mixed thoroughly with 5 pL of
seminal plasma and incubated at 37 °C for 30 min. In
addition to the sample, a blank was prepared using 5
pL of double-distilled water and the FRAP reagent.
The standard curve was plotted using various
concentrations of FeSO,.

Malondialdehyde content (MDA)

MDA level was determined to evaluate lipid
peroxidation via the Thiobarbituric acid reaction
method (TBA) according to Banday et al. [26] by
using commercial kits (MD 2529, Bio diagnostic,
Cairo, Egypt). Briefly, in 15 mL centrifuge tubes, 0.1
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mL of seminal plasma was diluted with 0.9 mL of
distilled water to yield a volume of 1 mL. Then 2.5
mL of TBA reagent was mixed with the sample
and kept in a boiling water bath for 1 hour.
Following boiling, the mixture was cooled down at
room temperature and then centrifuged for 10 min at
1500 g in a cooling centrifuge. Finally, the formed
supernatant was separated, and a spectrophotometer
was used to measure the absorbance at 535 nm.
MDA values were calculated by absorbance
coefficient e (1.56x10°mol”cm™) and expressed as
nmol/mL.

Statistical analysis

Data were analyzed using one-way analysis of
variance (ANOVA) and followed by Tukey’s test for
pairwise comparison between the control group and
treatment means using GraphPad Prism version 5.0.0
(GraphPad Software Inc., San Diego, USA). P < 0.05
value for differences were regarded as statistically
significant. The results were presented as mean *
standard error of the mean (SEM).

Results
Progressive motility and kinetic parameters

Data aboutthe effect of QUE on sperm
progressive motility and Kkinetic parameters are
presented in Table 1. It was noticed that sperm
progressive motility was significantly higher
(P<0.05) in the extender supplemented with 25 pM
QUE (66.94 £ 1.85%) than incontrol (54.41 +
2.28%) and 10 uM QUE (56.84 + 1.76%). Similarly,
VCL was significantly greater (P<0.05) in 25 uM
QUE (58.38 + 2.33 um/s) than in control (35.40 +
1.89 um/s) and other groups. In addition, VSL was
significantly higher (P<0.05) in 25 uM QUE (53.65
+ 2.04 pm/s) than in control (26.74 + 1.34 pm/s) and
other groups. Moreover, VAP was significantly
higher (P<0.05) in 25 uM QUE (74.12 + 2.83 pm/s)
than control (43.19 = 2.11 um/s) and other groups
except 40 pM QUE (65.57 + 2.20 um/s). The highest
proportions of LIN (91.90 + 2.39) and STR (72.50 +
2.77) were recorded in 25 pM QUE while WOB %
was greater (P<0.05) in 15 pM QUE (136.1 = 3.33)
than in control (123.1 £ 4.33%) and other treatment
groups except for 25 uM QUE (127.2 £ 2.92) as
shown in Table 1.

Sperm viability, plasma membrane, and acrosome
integrity

The effect of QUE on sperm viability, plasma
membrane, and acrosome integrity is shown in Table
2. The proportion of sperm viability was higher
(P<0.05) in 25 (75.00 + 2.08) and 40 (72.67 + 2.03)
uM QUE compared with the control (62.17 + 1.74)
group. Further, there was a significant increase
(P<0.05) in the functional sperm plasma membrane
integrity in semen samples cryopreserved with 25
(70.50 £ 2.84%) and 40 uM (68.17 + 2.49%) QUE in
comparison with the control group (57.33 + 1.88%).
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Moreover, acrosome integrity was found to be higher
(P<0.05) in extender supplemented with 25 (78.83
2.17%), 40 (77.33 = 2.32%), and 15 (75.67 £ 1.92%)
uM QUE as compared to the control group (65.50 +
1.73%, Table 2) without significant difference
among the four treatment groups.

Activity of enzymatic antioxidants and lipid
peroxidation

Data concerning the effect of QUE on the activity
of enzymatic antioxidants (SOD, GPX, and TAC)
and lipid peroxidation (MDA) are depicted in Table
3. Frozen-thawed buck semen supplemented with 25
UM QUE showed significantly (P<0.05) increased
SOD activity (32.52 £ 1.49 U/mL) as compared to
control (17.89 = 1.11 U/mL) and other treatment
groups, except 40 uM (26.13 + 1.54 U/mL) QUE.
Similarly, 25 uM QUE markedly increased GPX
activity (20.76 + 1.33 nmol/min/mL, P<0.05)
compared to control (12.53 = 0.94 nmol/min/mL)
and other groups except 40 uM (18.84 + 1.09
nmol/min/mL) QUE. Furthermore, TAC activity was
significantly higher (P<0.05) in 15 (2.58 + 0.04
mM/L), 25 (2.74 £ 0.06 mM/L), and 40 (2.62 + 0.05
mM/L) uM QUE compared to the control (1.56 +
0.03 mM/L) and 10 (2.19 £ 0.03 mM/L) uM QUE.
Moreover, MDA levels were significantly decreased
(P<0.05) in semen samples cryopreserved in the
presence of 25 uM QUE (15.23 + 1.05 nmol/mL) as
compared to the control (28.41 + 1.71 nmol/mL) and
the other treatment groups as shown in Table 3.

Discussion

Cryopreservation is a process of great potential
for goat breeders as it improves animal productivity
despite this, freezing-thawing procedures cause
inevitable cryodamage to the plasma membrane,
acrosome, and DNA of spermatozoa with subsequent
reduction in the number of forward motile sperms
post-thawing [27]. Overproduction of ROS during
the cryopreservation process can result in oxidative
stress causing damage to various constituents of
sperm cells involving lipids, sugars, proteins, and
nucleic acid [28]. Endogenous antioxidants such as
GPX, SOD, and catalase protect sperm cells against
ROS. However, their activities may not be enough
during the freezing-thawing protocol  [29].
Antioxidants can be used in semen extenders to limit
ROS generation during the freezing and thawing
process improving the structural and functional
quality of sperm cells [30].

QUE is one of the polyphenolic flavonoids. It is
found in many plants and foods such as cherries, tea,
broccoli, kale, onion, berries, apples, and red grapes
[31]. It diminishes the levels of certain enzymes
including NADPH oxidase and NADH-dependent
oxidoreductase and improves enzymatic antioxidant
activity [32]. QUE is astronger antioxidant than
vitamins E and C, having an inhibitory effect on lipid
peroxidation [33]. The current study was performed
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on frozen-thawed buck semen to detect the impact of
QUE on sperm quality (progressive motility, CASA
kinetics, viability, plasma membrane, and acrosome
integrity) and activity of antioxidant enzymes (SOD,
GPX, and TAC) in addition to MDA content as an
indication for lipid peroxidation.

Sperm CASA motility indices are widely
regarded as one of the most important sperm
characteristics associated with its ability to fertilize
an oocyte. In addition, CASA provides accurate
details about different sperm kinetics that are useful
in predicting the fertilizing ability of the sperm cells
[34]. This study showed that the overall quality of
post-thawed buck semen including sperm progressive
motility and sperm Kinetics was improved by adding
QUE in Tris egg yolk extender. 25 pM QUE vyielded
the best results of post-thawed progressive motility
and velocity parameters (VCL, VSL, VAP, LIN,
STR, and WOB) of buck spermatozoa. In line with
our results, Batool et al. [35] observed that
an extender supplemented with 5 uM QUE improved
the total, progressive motility and Kkinetic parameters
of post-thawed buck spermatozoa. Furthermore, the
post-thawed motility (total and progressive) and
motion kinetics were improved in the report of Khan
et al. [10] by adding 20 pM QUE to the semen
extender of theram. QUE enhances antioxidant
activity when combined with other additives,
protecting the plasma membrane from ROS damage
and improving the motility and kinetic parameters of
sperm cells [13].

Viability refers to the percentage of viable sperm
measured by cell assessment reduced during cooling
and/or freezing in addition to multiple factors during
semen processing [36]. In the present study, greater
values for sperm viability after thawing were found
when the semen extender was supplemented with 25
and 40 uM QUE. Following these results, Siari et al.
[9] reported that 10 mM QUE increased post-thawed
viability of rooster sperm. Moreover, Tvrda et al.
[37] observed that 50 and 100 pumol/l of QUE
improved the viability of bovine spermatozoa.

Sperm plasma membrane integrity is mainly
reduced due to lipid peroxidation, especially in goats
due to the high concentration of phospholipid-rich
unsaturated fatty acids in the sperm plasma
membrane [38]. Obtaining a high proportion of
sperm cells with intact plasma membranes after
semen processing and preservation is crucial for
proper sperm function as sperm metabolism is related
to its plasma membrane integrity [39]. Our study
demonstrated that QUE supplementation at doses of
25 and 40 puM in a cryopreservation medium greatly
enhances  the post-thawed  functional  plasma
membrane integrity of buck spermatozoa. Similarly,
previous studies proved that QUE improves sperm
plasma membrane integrity after thawing in
the semen of goat [40], buffalo bull [41], and jungle
fowl [42].

Acrosome integrity plays a critical role in sperm
cell fertility and is essential for the process of sperm-
ovum penetration [43]. The current study indicated
that post-thawed acrosome integrity of buck sperm
was higher in semen samples cryopreserved with 15,
25, and 40 pM QUE. In agreement with these
findings, Ahmed et al. [44] reported that an extender
supplemented with 150 and 200 pM QUE maintains
post-thawed sperm acrosomal integrity in buffalo
bulls. Furthermore, Bang et al. [45] found that
the post-thawed sperm acrosome integrity of the boar
sperm was increased in extender supplementing with
50 uM QUE. Moreover, Gibb et al. [46] reported that
incorporating 150 uM QUE in semen extender
improved the acrosomal integrity of sex-sorted
cryopreserved stallion spermatozoa in comparison to
control and other additives (200 U/mL catalase or 0.2
mg/mL cysteine).

Excessive generation of ROS impaired the quality
of semen and even led to infertility. Therefore,
minimizing the damaging impacts of ROS on sperm
cells depends on the adequate activity of enzymatic
antioxidants [47]. Results of the current study
revealed that SOD and GPX levels were higher in
semen samples cryopreserved in the presence of
higher (25 and 40 uM) concentrations of QUE than
the control group and lower (10 and 15 uM)
concentrations of QUE. As a result, all treatment
groups had higher TAC compared with the control
group. On the other hand, MDA was markedly
reduced in 25 puM QUE post-thawing. In
concordance with our results, Appiah et al. [8]
showed that casein-based extender cryopreserved
with 0.01 mg/mL QUE improved SOD and GPX
activities in rooster semen. Kumar et al. [40] reported
that the addition of QUE at aconcentration of
20 pmol/mL increased SOD and GPX levels and
decreased the MDA content of post-thawed buck
semen. Furthermore, Batool et al. [35] found that
cryopreservation of buck semen enriched with 5 uM
QUE results in higher TAC activity and lower MDA
content. Moreover, ElI-Khawagah et al. [41] reported
that QUE supplementation at adose of 10 puM
decreased the MDA content of post-thawed buffalo
bull semen.

Conclusion

It is concluded that QUE improves post-thawed
sperm  progressive motility, motion  kinetics,
viability, plasma membrane, and acrosome integrity
in addition to enhancing antioxidant status and
suppressing lipid peroxidation of cryopreserved buck
semen. Suggesting supplementation of buck semen
extender during cryopreservation with QUE,
especially 25 pM QUE, due to its protective effect
against oxidative stress.
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TABLE 1. Effect of different concentrations of quercetin (QUE) on sperm progressive motility and kinetic parameters

of frozen-thawed buck semen (mean + SEM) *

Quercetin (UM)

Parameter CTRL 10 15 25 40
PM (%) 5441+228° 56.84+176° 6277 +2.17% 66.94+ 1857  65.88 +2.02%
VCL (um/s) 35.40+1.89¢ 37.35+1.21¢ 42.19 +1.40° 58.38 + 2.33% 53.66 + 1.95°
VSL (um/s) 26.74+1.34° 2887 +151° 33.88 +1.86" 53.65 + 2.04% 38.85+1.97°
VAP (um/s) 4319+2.11°  40.95+1.41° 57.40 +2.71° 74.12 +2.83° 65.57 + 2.20%°
LIN (%) 75.83+4.23% 77.23+158%  80.33 +4.05® 91.90 + 2.39° 73.83£2.97°
STR (%) 62.07 £330 7057 +3.41% 59.43 + 2,02° 72.50 £ 2.77% 59.23 + 1.82°
WOB (%) 123.1+4.33°  109.8 +2.60° 136.1 +3.332 127.2£2.92% 1246 +2.46°

*Within the same row, means bearing one common superscript were non-significantly (P>0.05) different. CTRL = Control,
PM = Progressive motility, VCL = Curve line velocity, VSL = Straight line velocity, VAP= Average path velocity, LIN =
Linearity, STR = Straightness, WOB = Wobble.

TABLE 2. Effect of different concentrations of quercetin (QUE) on sperm viability, plasma membrane, and acrosome
integrity of frozen-thawed buck semen (mean + SEM) *

Quercetin (uM)

oy R . 2 %
Viability 62.17 174> 67.83+2.17*®  7050+1.80*  75.00+2.08%  72.67 +2.03°
Plasma membrane 5733, 168> 6150+2.18®  66.00+173%  7050+284°  68.17 +2.49°
integrity

Acrosomal integrity 6550 £1.73°  71.17+221%®  7567+1.92°  78.83+217% 77.33+2.32%

*Within the same row, means bearing one common superscript were non-significantly (P>0.05) different. CTRL = Control

TABLE 3. Effect of different concentrations of quercetin (QUE) on enzymatic antioxidants and lipid peroxidation of

frozen-thawed buck semen (me

an = SEM) *

Quercetin (UM)

Parameter CTRL i = o i
SOD (U/mL) 17.89 £ 1.11° 2151 +128% 24,07 +1.45" 32.52 + 1.49° 26.13 + 1,54
GPX (nmol/min/mL) 12.53 +0.94° 13.58 £ 0.96° 15.65 +1.11% 20.76 +1.33° 18.84 +1.09%
TAC (mM/L) 1.56 +£0.03° 2.19+0.03 2.58 + 0.04° 2.74 +0.06° 2.62 +0.05°
MDA (nmol/mL)  28.41+1.71% 2487 +151° 20.96 + 1.50° 15.23 +1.05° 19.58 +1.29°

*Within the same row, means bearing one common superscript were non-significantly (P>0.05) different. CTRL = Control,
SOD = Superoxide dismutase, GPX = Glutathione peroxidase, TAC = Total antioxidant capacity, MDA = Malondialdehyde.
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