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Abstract
In this study, the cryoprotective effect of different doses of propolis (P) on bull semen, which
has solid pharmacological properties thanks to its rich phenolic components, was investigated
biochemically and physiologically. Semen samples were collected from Simmental breed bulls
via the artificial vagina and pooled. After dividing into five groups, control (C: no additive)
and four different P (200, 100, 50, and 25 μg/mL) groups, the final concentration was diluted
to 16×106 per straw. Semen samples were equilibrated at 4°C for approximately 4 hours,
then placed in French straws and frozen. After thawing, sperm motility and kinetic parameters,
DNA integrity by single-cell gel electrophoresis, sperm abnormalities by liquid fixation, and lipid
peroxidation levels by the colorimetric method was analyzed by Computer-Assisted Semen
Analyzer. P added to the diluent showed no effect on motility and kinetic parameters at P25
and P50 (p>0.05), while P100 and P200 had a negative effect (p<0.001). The addition of P
(25 and 50) showed a treatment effect on tail abnormality compared to C (p<0.05). Especially
P50 had a positive effect on tail length, tail DNA, and tail movement, while P100 and P200
caused DNA damage (p<0.001). MDA levels increased in all P dose groups compared to C
(p<0.001). This study has clearly demonstrated that P25 and P50 supplements could be used
therapeutically to treat sperm tail abnormalities and prevent DNA damage in post-thawed bull
sperm.
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Introduction
Artificial insemination is a widely used biotechnological method in cattle to fertilize large numbers
of females by taking a single ejaculate and increasing
genetic abilities. For this method to be applied, the semen
must be preserved for a long time. However, as a result
of the freeze-thaw process, some handicaps may occur
that may affect sperm motility, membrane integrity, and
fertilization potential (Hu et al. 2010). The formation
of ice crystals may cause damage to spermatozoa due to
the increase in solute concentration in the insemination
medium using freeze-thawed sperm (El-Harairy et al.
2011). Therefore, the success of cryopreservation
depends not only on the preservation of sperm motility
but also on the continuity of biochemical and physiological functions (Watson 2000). In studies conducted
so far, the addition and removal of cryoprotectant substances have not been sufficient to eliminate toxicity
due to osmotic damage and adverse effects on the
genetic composition of semen (Gilmore et al. 1997).
Antioxidant substances are added to the dilution
medium to maintain sperm integrity during the freezing
process (Singh et al. 1995). The amount and type
of diluents affect the biochemical and physiological
processes present in sperm during the freezing process
(El-Harairy et al. 2011).
The application of natural antioxidant additives
in sperm cryopreservation has been successfully tried
by many researchers so far, and positive results have
also been obtained (Kumar et al. 2019, Taşdemir et al.
2020). The use of natural products has come to the fore
as an alternative to the possible toxic effects of synthetic prophylactic drugs on human and animal fertility.
One of the natural products with various pharmaceutical and antioxidant properties due to its rich natural bioactive components in propolis (P; bee glue), a honey
bee product (Hashem et al. 2013). P is a dark resinous
substance produced by honey bees with salivary gland
secretions from various plants to close the crevices and
cracks of the hive to prevent microbial contamination
(Hashem et al. 2021). Raw P mainly consists of wax,
resin, water, essential oils, inorganic and phenolic compounds. The exact components vary depending on the
botanical source and can be distinguished by various
analytical methods. The phenolic variant of P extract
contributes to antioxidant, antimicrobial, antiviral, antiinflammatory, antifungal, cardioactive, and reproductive functions (Pasupuleti et al. 2017). It can also neutralize free radicals and can inhibit lipid peroxidation
(Yousef and Salama 2009). No study has been found
in the literature on the therapeutic use of P in cryopreservation of bull sperm.
Therefore, in this study, changes in the structure and

function, DNA integrity, lipid peroxidation, and total
antioxidant capacity of semen after thawing with P
extract added to frozen bull semen using Tris diluent
were investigated thoroughly.

Materials and Methods
Animals
Simmental breed (3-4 years) bulls from Sultansuyu
Agricultural-Farm were selected as the semen source
for fertility studies in this research. Fifty ejaculates
were collected from 3 different bulls through an artificial vagina. Ejaculates were pooled to minimize the differences among the samples. Semen samples were kept
in a water bath (37°C) to observe concentration and
motility factors. Ethics committee approval of the study
was given by Afyon Kocatepe University Faculty
of Veterinary Medicine Animal Care Committee with
the number 49533702/29.

Preparation of P extraction solution
P (30 g), collected from a bee farm in Muğla (Turkey), was extracted with 600 mL of 70% (v/v) ethanol
at 60°C for 30 minutes. The resulting homogeneous
mixture was then centrifuged and evaporated until the
supernatant dried under vacuum at 40°C. The extracted
product was stored at 4°C to be used for research purposes (Gulhan 2019). Same P samples were used in this
study.

Semen processing and freezing
A volume-graded collection glass was used to determine the amount of semen. The concentration was
calculated by a photometer (Minitube GmbH). Ejaculations were used to determine mass Activity ≥+++ 3
[scale 1-5], sperm concentration ≥ 0.8×109/mL, volume
≥ 5 mL, and initial motility 80%. Then, pooled ejaculates
were divided into five groups, control (C; no additive),
and four different dose P (200, 100, 50 and 25 μg/mL).
The main extender in this study was a TRIS-based
extender (TRIS 30.7 g, citric acid 16.4 g, fructose 12.6
g, distilled water 1000 mL, egg yolk 20% v/v and 6%
glycerol; Taşdemir et al., 2013). In preliminary studies,
10 mg Propolis (70%) extract was mixed with ethanol
(1 mL). The osmolarity of all solutions (310 mOsm)
was adjusted to a maximum concentration of 16×106
sperm cells/straw with TRIS-containing media. Later,
the sperm was stuffed into French straws. Samples were
stored up to 4°C for about 4 hours to be brought to equilibrium temperature. After cooling, samples from
each group were frozen in a cryopreservation device
(SY LAB Gerate GmbH) for 6 months at -196°C accor-
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Fig. 1. Control (A), P25 (B) and P50 (C) comet analysis images. x1000

ding to the experimental protocol of Avdatek et al.
(2018).

Sperm motility and kinetic parameters
Computer Assisted Semen Analyzer (CASA) system (Microptic S.L.) was used to assess sperm motility.
For these measurements, 5 μL of diluted semen samples
were placed in a pre-warmed plate, and total motility,
progressive and non-progressive motility values were
analyzed. Besides these parameters, the motility movement characteristics of curvilinear velocity (VCL)
μm/s, average path velocity (VAP) μm/s, straight linear
velocity (VSL) μm/s, the amplitude of lateral head
displacement (ALH) μm, beat cross frequency (BCF),
wobble (WOB, [VAP/VCL]×100), straightness (STR,
[VSL/VAP]×100) and linearity (LIN, [VSL/VCL]
×100) data were also obtained. Sperm movement speed;
fast (> 80 μm/sec), medium (> 60 μm / sec) and slow
(> 20 μm/sec) in accordance with the static protocol.
In each semen sample, 230-380 sperm cells were analyzed under the microscope in six different regions.

Sperm morphology
Sperm morphological assessment was performed
according to the method determined by Schafer and
Holzmann (2000). The Hancock solution used in the
method consists of brine solution (150 mL), buffer
(150 mL) and formalin (62.5 mL 37%), and double-distilled water (500 mL). After mixing with Hancock solution (500 µL) + semen sample (5 µL), 6 µL of the mixture was taken to the microscope table and covered with
a slide to determine the morphological integrity. Abnormal sperm levels (middle part, tail, and total abnormality) were calculated for at least 200 spermatozoa in the
phase-contrast microscope (x1000).

Assessment of DNA damage
DNA damage in semen was analyzed by the single-cell gel electrophoresis (COMET) assay method
under intensely alkaline conditions. The samples on the
slide were visualized with a fluorescence microscope

(Olympus CX31) and scored using Comet Score software (TriTek, V.1.5). In order to make the assessment
more accurate, at least a total of one hundred sperm
cells were selected from six different regions in each
sample (Gundogan et al. 2010).

Assessment of oxidative stress parameters
Evaluating the oxidative stress parameters after
thawing, the spermatozoa were washed three times with
phosphate-buffered saline (PBS) by being centrifuged
at 800 g for 20 minutes with a refrigerated centrifuge
to separate them from the diluent. Then the supernatant
was made up to 0.5 mL with PBS. The samples were
taken to falcon tubes in ice for homogenization. The
sonication treatment was repeated six times by keeping
them in the ice for 30 seconds after a ten second-sonication process (Akalın et al. 2016). After then, commercial kits were used to check oxidative stress parameters
such as total antioxidant capacity (TAC) (Rel Assay®,
Gaziantep, Turkey), Glutathione (GSH) (OxisResearch
™, Bioxytech® GPx-340 ™), and lipid peroxidation
(MDA-586; OxisResearch) levels. All parametric findings were calculated as μmol/mL (Kasimanickam et al.
2006).

Statistical analysis
Before the significance test, the collected data were
determined in terms of normality by Kurtosis, one
of the parametric test assumptions. Descriptive statistics for each variable were calculated and presented as
“Mean ± Standard Error” (Mean ± SE). Statistical analysis of data was performed by the general linear model
(GLM) multivariate measures of SPSS 22.0 (SPSS Inc.
Headquarters, Chicago, IL, USA). Also, we analyzed
the data Related-Samples Friedman’s Two-Way Analysis of Variance by Ranks. The significance of differences between the means was tested by Bonferroni test
analysis and considered significant at p<0.05.
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Table 1. Mean (±SE) sperm motility values in frozen-thawed bull semen after various doses of propolis treatment.
Parameters

C

P25

P50

P100

p

P200

Progressive motility (%)

31.20±2.00

33.04±2.23

33.05±3.32

17.39±1.84

0.77±0.24

Total motility (%)

55.59±2.28c

58.80±1.95c

59.37±4.46c

34.37±3.71b

3.19±0.28a

0,001

VAP (µm/s)

76.48±4.23

b

78.03±2.45

b

78.73±3.28

73.80±2.16

42.55±3.86

0,009

VSL (µm/s)

60.84±4.10

b

61.83±2.66

62.61±3.11

b

56.21±1.99

a

24.05±3.05

0,009

VCL (µm/s)

105.51±4.65b

110.20±2.88b

107.08±3.55b

103.31±3.51b

71.38±7.06a

0,010

ALH (µm/s)

3.80±0.23

4.13±0.07

3.76± 0.17

3.73±0.18

a

2.08±0.51

0,024

BCF (Hz)

10.97±0.36b

11.57±0.28b

11.73±0.47b

11.76±0.52b

5.10±1.34a

0,008

LIN (%)

57.54±2.52

55.92±1.12

58.41±1.96

54.45±1.04

a

33.91±4.42

0,026

STR (%)

79.28±1.60b

79.01±1.07b

79.41±1.24b

76.16±1.06b

55.58±4.86a

0,005

WOB (µm/s)

72.37±1.71

70.75±0.60

73.46±1.34

71.50±0.94

60.06±2.85

0,095

Hyperactivity (µm/s)

35.42±2.46

37.53±2.71

33.91±2.60

22.05±2.19

1.80±0.33

0,001

c

c

b
b

b

b

b

b

c

c

c

b

b
b

b

b

c

b

b

b

a

0,001

a

a

Different superscripts within the same row demonstrate significant differences (** p<0.001)
No significant difference (p>0.05)
-.
No significant difference (P>0.05)
a .b. c. d
-.

Table 2. Mean (±SE) sperm abnormality values in frozen-thawed bull semen after various doses of propolis treatment.
C

P25

P50

P100

P200

p

Head abnormalities (%)
Mid-piece abnormalities (%)

3.60±0.66
1.33±0.50

2.27±0.29
1.22±0.70

2.34±0.95
0.99±0.62

1.66±0.85
1.35±0.85

0.49±0.49
0.24±0.24

0,178
0,371

Tail abnormalities (%)

3.54±0.4bc

1.26±0.60a

0.99±0.62a

1.96±0.57ab

4.46±1.07c

0,037

Total abnormalities (%)

8.48±0.83

4.75±0.90

4.34±1.41

4.98±0.63

5.20±1.37

0,251

Parameters

Different superscripts within the same row demonstrate significant differences (* p<0.05)
No significant difference (p>0.05)

a .b. c. d
-.

Table 3. Mean (±SE) chromatin damage values in frozen-thawed bull semen after various doses of propolis treatment.
C

P25

P50

P100

P200

p

Tail lenght (µm/s)

15.41±0.54c

10.36±0.59b

4.44±0.42a

31.22±1.98d

33.13±0.70d

0,001

Tail DNA (%)

19.02±1.08c

9.72±0.19b

4.37±0.23a

27.75±1.56d

35.36±1.42e

0,005

Tail moment (µm/s)

15.00±0.97

3.51±0.48

0.77±0.15

9.28±0.259

18.10±0.42

0,019

Parameters

d

b

a

c

e

Different superscripts within the same row demonstrate significant differences (* p<0.001)
No significant difference(p>0.05)

a .b. c. d. e
-.

Table 4. Mean (±SE) malondialdehyde (MDA), glutathione (GSH) and total antioxidant capacity (TAC) level activities in frozen-thawed
bull semen after various doses of propolis treatment.
Parameters
MDA (nmol/mL)

C

P25

P50

P100

P200

p

6.95±0.12a

8.13±0.23b

7.86±0.22ab

10.68±0.47c

10.84±0.53c

0,007

GSH (nmol/mL)

5.39±0.07

5.47±0.14

5.39±0.78

5.12±0.14

5.20±0.05

0,348

TAC (mmol Trolox equiv/L)

0.46±0.01ab

0.45±0.01a

0.45±0.04a

0.46±0.06ab

0.47±0.04b

0,035

Different superscripts within the same row demonstrate significant differences (* p<0.05). (** p<0.001)
No significant difference (p>0.05).

a .b. c. d
-.

Results
Spermatozoa Microscopic Assessments
The results of spermatological parameters obtained
compared to group C in bull semen after thawing vari-

ous doses of P added to the diluent during freezing are
shown in Table 1. VAP, VSL, VCL, ALH, BCF, LIN,
and STR parameters show no difference compared to C
(p>0.05). In the same parameters, the P200 treatment
group reached a very low mean value compared to C
and affected the kinetic parameters negatively p<0.001).
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No statistically significant changes in progressive
motility, total motility WOB and hyperactivity parameters were observed in antioxidant treatment groups
compared to C at P25 and P50 doses (p>0.05). However, the P100 and P200 dose groups significantly
decreased these parameters (p<0.001). At the end
of the freeze-thaw period, mid-piece abnormalities and
the total abnormality values in all antioxidant treatment
groups did not change compared to group C (p>0.05).
Tail abnormalities were significantly reduced in the P25
and P50 treatment groups compared to C (p<0.001,
Table 2).

Assessment of DNA damage
The changes in DNA damage parameters after
thawing P is applied to sperm samples in different doses
are shown in Table 3. The P25 and P50 antioxidant
treatment groups showed significant improvements
in tail length and tail DNA. Even the P50 dose gave
the best results in these parameters (p<0.001). The tail
moment was significantly decreased in the P25, P50
and P100 treatment groups compared to C and increased
in the P200 (p<0.001).

Oxidative stress parameters
The changes in oxidative stress parameters, MDA,
GSH and TAC are shown in Table 4. MDA levels
increased in all P dose applications compared to C,
and even the highest levels were detected in the P100
and P200 groups (p<0.001). GSH levels did not change
significantly in any of the P treatment groups (p>0.05).
Although the TAC parameter was different among the
groups, the results obtained in the treatment groups
were not significant (p<0.001).

Discussion
The inability of low endogenous antioxidant levels
in sperm to provide adequate protection against excessive ROS production during the cryopreservation process causes irreversible damage to the sperm (Mazzilli
et al. 1995). Therefore, endogenous natural antioxidant
compounds are needed to prevent or minimize the oxidative damage of sperm during the cryopreservation
process (Yeste 2016). Evaluating the current study
results, it can be easily said that antioxidant P doses
do not cause any changes in sperm motility properties.
On the contrary, it significantly limited the motility
capability of semen in the highest dose (P200).
There are some studies that examine motility changes by added bee products and other antioxidant substances in various concentrations to the sperm diluent,
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and the results of these studies support our findings.
Moraes et al. (2014) reported that 1.25 g powdered P
added to the rabbit diet did not affect progressive spermatozoa motility and reduced spermatozoa tail abnormalities. Honey added to sperm at different concentrations did not show significant differences in sperm
motility (El-Sheshtawy et al. 2016). Research results
of Amini et al. (2019) revealed that royal jelly added
to TRIS-egg yolk extender did not affect ram sperm
motility after dilution. Royal jelly at various amounts
added to bull semen did not show any effect on sperm
motility (Shahzad et al. 2016). Parallel to the conclusions reached here, the research findings of Inanç et al.
(2019) revealed that green tea extract supplemented
with the TRIS diluent did not change the motility
and kinetic parameters in bull semen. Considering the
studies that support our results, it is thought that even
if there are differences in mammalian species or antioxidant agents, the cause of similar effects on sperm
motility may be antioxidant dose choices. In line with
the current study, Malik’s (2018) study showed that
adding the honey solution to bull semen cryoprotective
medium had no advantage on sperm motility. In another
study, powdered P extract added to ram semen extender
decreased semen motility parameters during the six
hours incubation period compared to the 0 h (Mohamed
and Zanouny 2017). The positive effects of the bee
products used on motility were not different from the C
in their studies. The first is the cryoprotective effect
of the substances in the stock solution, the second is the
bee products’ inability to integrate well into the cell
membrane phospholipid structure, and the last is the
variety of stress factors in in-vitro conditions.
Contrary to our conclusions, in studies conducted in
different species, some researchers have announced that
P causes positive changes in sperm motility (Capucho
et al. 2012, Hashem et al. 2013). El-Battawy and Brannas (2015) reported that 10% concentration provides
the best motility from P added to mice semen.
El-Sherbiny (2015) reported that royal jelly, honey and
P significantly increased the percentage of sperm progressive motility in New Zealand White male rabbits,
while the percentages of dead and abnormal sperm
increased. Research results reported that royal jelly
applied as a sperm protectant caused a significant increase in sperm motility of male mice (Karacal and Aral
2008), hamster sperm cell concentration (Kohguchi
et al. 2004), and in sperm count and viable sperm ratios
of adult male rats (Hassan 2009). Olayemi et al. (2011)
showed that honey added to the egg yolk extender
increases the motility of buck semen after cold storage.
Fakhrildin and Alsaadi (2014) reported that adding 10%
honey as a cryoprotectant to the extender showed positive effects on spermatological parameters after thaw-
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ing in human sperm. We believe that the main reasons
for obtaining different motility results in semen cryopreservation studies in different mammalian species
may be due to differences in extraction methods, dose
differences, active ingredient differences, and freezing
times, even if the antioxidant components are the same.
In addition, possible harmful effects of the cryopreservation process, including cooling, freezing and thawing, or the inability of the exogenous antioxidant agent
to perform adequate treatment, can be argued.
Protection of sperm DNA damage is one of the most
important factors affecting fertility capacity (Rathke
et al. 2007). It also negatively affects the implantation
ability and development of the embryo (Zini and Libman 2010). The lipid peroxidation reactions caused by
an excessive increase of semen ROS cause sperm DNA
damage, and eventually, its loss causes sperm dysfunctions (De Lamirande et al. 1997). Therefore, it is necessary to control ROS for normal acrosomal reactions,
sperm capacity, and reproductive physiology. Following our data, different amounts of cysteine added to the
frozen bull semen extender have been reported to positively affect the preservation of DNA integrity (Ansari
et al. 2016). Khalifa and Mohamed (2016) have proven
that P protects DNA integrity thanks to its antioxidant
and antimicrobial properties by including it in the ram
semen medium. Alcay et al. (2017) reported that 0.5
and 0.75% royal jelly administered in 6 h incubation
significantly prevented cryodamage by preserving
the DNA integrity of buck semen. Caffeic acid, one
of the most effective components of P, was found
to reduce DNA damage in bull semen at 50 and 100 μM
doses after freez-thawing (Soleimanzadeh et al. 2020).
Our previous studies found that various plant extracts
protect DNA integrity by reducing oxidative damage
that may occur after freez-thawing in bull semen
(Avdatek et al. 2018, Taşdemir et al. 2020). Our results,
and other studies supporting us, have revealed the positive effect of dose-dependent antioxidant supplements
on DNA damage due to the synergistic effect with
diluents and other substances in the intracellular endogenous antioxidant system. In contrast to the results
obtained, Taşdemir et al. (2014) stated that adding antioxidant substances (fetuin and cysteine) to the bull
semen did not affect DNA integrity. The reason for the
conflicting findings with our study is that DNA damage
may be related to not only to oxidative damage but also
to osmotic damage.
Due to the high concentration of unsaturated fatty
acids in the spermatozoa membrane, lipid peroxidation
chain reactions can be induced. This situation plays
a crucial role in the etiology of male infertility (Sharma
and Agarwal 1996), causing decreased fluidity of the
sperm plasma membrane and functional losses (Aitken
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2002). MDA concentration levels are defined as one
of the most basic and essential oxidative stress markers
(Ottolenghi et al. 2019). High MDA concentration
levels are indicative of the oxidative stress state
of semen after thawing. Small molecules such as GSH
assist endogenous antioxidants or eliminate ROS
products as co-factors (Ugur et al. 2019). In our study,
the reason for the high MDA levels in the treatment
groups depending on the dose increase may be the oxidative reactions caused by the unstable molecules in the
P content. Our study data revealed a significant increase
in sperm TAC levels with P supplementation. These
results showed clearly that P has a stimulating effect
by triggering intracellular enzymatic reactions. Possible
reactive oxygen species (ROS) damages in sperm cells
after thawing may probably help to provide oxidative
balance by increasing antioxidant defense capacity with
P treatment. Studies with contrary findings have shown
that antioxidants therapeutically applied to the bull
semen diluent increase TAC and contribute to fertilization ability (Avdatek et al. 2018, Soleimanzadeh
et al. 2020). El-Seadawy et al. (2017) reported that
0.8-2.0 mg of P/5 mL added to TRIS extender reduces
lipid peroxidation in rabbit semen after chilling for
up to 72 h. Soleimanzadeh et al. (2020) reported that
caffeic acid reduced MDA levels at 50 and 100 μM after
freez-thawing in bull semen and increased TAC and
GSH activities. The study of Büyükleblebici et al.
(2014) reported that 3% ethylene glycole+5 mM cysteine was the combination that reduced MDA levels
in bull semen. Taşdemir et al. (2020) stated that Pinus
brutia Ten extract, which they added as a cryoprotectant
to Simmental bull semen, decreased MDA levels and
increased GSH activity. Inanç et al. (2019) found that
adding green tea extract to bull semen did not affect
MDA levels and showed the highest total antioxidant
activity in the 50 μg/mL green tea extract. Avdatek et al.
(2018) reported that quercetin therapeutically reduces
MDA levels and positively affects GSH and TAC levels
in bull semen, especially at 25 μg/mL dose. The results
of researchers have shown that bee products and other
natural antioxidant agents reduce or prevent oxidative
damage by having positive effects on some oxidative
stress parameters depending on the concentration.

Conclusions
Due to its many positive effects, natural substances
have been preferred instead of synthetic cryoprotectants
in semen cryopreservation. It has also been shown that
the phenolic, flavonoid, and terpenoid components
of honey bee products are widely used among natural
products. However, high doses of natural products can
have adverse effects. Therefore, careful determination
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of the dose of the antioxidant agent to be used therapeutically is highly critical. As a result, based on all
research conducted in this study, it can be clearly said
that P25 and P50 doses effectively maintain some biochemical and physiological properties of bull sperm,
while P200 doses cause toxic effects.

Acknowledgements
Support was provided by the General Directorate
of Agribusiness, Ankara, Turkey

References
Aitken RJ (2002) Epididymal cell types and their functions.
In: Robaire B, Hinton BT (eds.), Active oxygen in spermatozoa during epididymal transit. Kluwer Academic/
Plenum Publishersds, New York, pp 435-447.
Akalın PP, Başpınar N, Çoyan K, Bucak MN, Güngör Ş,
Öztürk C (2016) Effects of ultrasonication on damaged
spermatozoa and mitochondrial activity rate. Turk J Vet
Anim Sci 40: 195-199.
Alcay S, Toker MB, Onder NT, Gokce E (2017) Royal jelly
supplemented soybean lecithin-based extenders improve
post-thaw quality and incubation resilience of goat spermatozoa. Cryobiology 74: 81-85.
Amini S, Masoumi R, Rostami B, Shahir MH, Taghilou P,
Arslan HO (2019) Effects of supplementation of Tris-egg
yolk extender with royal jelly on chilled and frozen-thawed
ram semen characteristics. Cryobiology 88: 75-80.
Ansari MS, Rakha BA, Malik MF, Andrabi SM, Ullah N,
Iqbal R, Holt WV, Akhter S (2016) Effect of cysteine
addition to the freezing extender on the progressive
motility, viability, plasma membrane and DNA integrity
of Nili Ravi buffalo (Bubalus bubalis) bull spermatozoa.
J Appl Anim Res 44: 36-41.
Avdatek F, Yeni D, İnanç ME, Çil B, Tuncer PB, Türkmen R,
Taşdemir U (2018) Supplementation of quercetin for
advanced DNA integrity in bull semen cryopreservation.
Andrologia 50: e12975
Büyükleblebici S, Tuncer PB, Bucak MN, Tasdemir U,
Eken A, Büyükleblebici O, Durmaz E, Sarıözkan S,
Endirlik BÜ (2014) Comparing ethylene glycol with
glycerol and with or without dithiothreitol and sucrose for
cryopreservation of bull semen in egg-yolk containing
extenders. Cryobiology 69: 74-78.
Capucho C, Sette R, de Souza Predes F, de Castro Monteiro J,
Pigoso AA, Barbieri R, Dolder MA, Severi-Aguiar GD
(2012) Green Brazilian propolis effects on sperm count
and epididymis morphology and oxidative stress. Food
Chem Toxicol 50: 3956-3962.
De Lamirande E, Jiang H, Zini A, Kodama H, Gagnon C
(1997) Reactive oxygen species and sperm physiology.
Rev Reprod 2: 48-54.
El-Battawy KA, Brannas E (2015) Impact of propolis on
cryopreservation of Arctic Charr (Salvelinus alpinus)
sperm. Int J Anim Vet Sci 2: 355.
El-Harairy MA, Eid LN, Zeidan AE, Abd El-Salaam AM,
El-Kishk MA (2011) Quality and fertility of the frozen-

11

-thawed bull semen as affected by the different cryoprotectants and glutathione levels. J Am Sci 7: 791-801.
El-Seadawy IE, El-Nattat WS, El-Tohamy MM, Aziza SA,
El-Senosy YA, Hussein AS (2017) Preservability of rabbit
semen after chilled storage in tris based extender enriched
with different concentrations of propolis ethanolic extract
(PEE). Asian Pac J Reprod 6: 68-76.
El-Sherbiny A (2015) Effect of some bee products on reproductive phenomena of male New Zealand white rabbits.
Egypt J Rabb Sci 25: 119-136.
El-Sheshtawy RI, El-Badry DA, El-Sisy GA, El-Nattat WS,
Almaaty AM (2016) Natural honey as a cryoprotectant
to improve Arab stallion post-thawing sperm parameters.
Asian Pac J Reprod 5: 331-334.
Fakhrildin MB, Alsaadi RA (2014) Honey supplementation
to semen freezing medium improves human sperm parameters post-thawing. J Family Reprod Health 8: 27-31.
Gilmore JA, Liu J, Gao DY, Critser JK (1997) Determination
of optimal cryoprotectants and procedures for their addition and removal from human spermatozoa. Hum Reprod
12: 112-118.
Gulhan MF (2019) Therapeutic potentials of propolis and
pollen on biochemical changes in reproductive function
of L-NAME induced hypertensive male rats. Clin Exp
Hypertens 41: 292-298.
Gundogan M, Yeni D, Avdatek F, Fidan AF (2010) Influence
of sperm concentration on the motility, morphology,
membrane and DNA integrity along with oxidative stress
parameters of ram sperm during liquid storage. Anim
Reprod Sci 122: 200-207.
Hashem NM, El-Hady AA, Hassan O (2013) Effect of vitamin E or propolis supplementation on semen quality, oxidative status and hemato-biochemical changes of rabbit
bucks during hot season. Livestock Sci 157: 520-526.
Hashem NM, Hassanein EM, Simal-Gandara J (2021) Improving reproductive performance and health of mammals
using honeybee products. Antioxidants 10: 336.
Hassan AA (2009) Effect of royal jelly on sexual efficiency
in adult male rats. Iraqi J Vet Sci 23: 155-160.
Hu JH, Zan LS, Zhao XL, Li QW, Jiang ZL, Li YK, Li X
(2010) Effects of trehalose supplementation on semen
quality and oxidative stress variables in frozen-thawed
bovine semen. J Anim Sci 88: 1657-1662.
Inanç ME, Çil B, Yeni D, Avdatek F, Orakçı D, Tuncer PB,
Türkmen R, Taşdemir U (2019) The effect of green tea
extract supplementation in bull semen cryopreservation.
Kafkas Üniv Vet Fak Derg 25: 703-708.
Karacal F, Aral F (2008) Effect of the royal jelly on sperm
quality in mice. Indian Vet J 85: 331-332.
Kasimanickam R, Pelzer KD, Kasimanickam V, Swecker WS,
Thatcher CD (2006) Association of classical semen parameters, sperm DNA fragmentation index, lipid peroxidation and antioxidant enzymatic activity of semen in ramlambs. Theriogenology 65: 1407-1421.
Khalifa EI, Mohamed MY, Abdel-Hafez MAM (2016) Possibility of using propolis as natural antibiotic instead
of synthetic antibiotics in ram semen extenders.
Egypt J Sheep Goat Sci 11: 1-14.
Kohguchi M, Inoue SI, Ushio S, Iwaki K, Ikeda M, Kurimoto
M (2004) Effect of royal jelly diet on the testicular function of hamsters. Food Sci Tech Res 10: 420-423.
Kumar P, Pawaria S, Dalal J, Ravesh S, Bharadwaj S,
Jerome A, Kumar D, Jana MH, Yadav PS (2019) Sodium
alginate potentiates antioxidants, cryoprotection and anti-

12
bacterial activities of egg yolk extender during semen
cryopreservation in buffalo. Anim Reprod Sci 209: 106166.
Malik A (2018) Effects of honey supplementation into the
extender on the motility, abnormality and viability of frozen thawed of bali bull spermatozoa. Asian J Anim Vet
Advan 13: 109-113.
Mazzilli F, Rossi T, Sabatini L, Pulcinelli FM, Rapone S,
Dondero F, Gazzaniga PP (1995) Human sperm cryopreservation and reactive oxygen species (ROS) production.
Acta Eur Fertil 26: 145-148.
Mohamed MY, Zanouny AI (2017) Effect of propolis as an
extender supplementation on ram semen quality and
sperm penetration ability. Egypt J Sheep and Goat Sci
12: 13-23.
deMoraes GV, Mataveli M, de Moura LP, Scapinello C,
Mora F, Osmari MP (2015) Inclusion of propolis in rabbit
diets and semen characteristics. Arq Ciências Vet Zool
Unipar 17: 227-231.
Olayemi FO, Adeniji D, Oyeyemi MO (2011) Evaluation
of sperm motility and viability in honey included egg yolk
based extenders. Global Vet 7: 19–21.
Ottolenghi S, Rubino FM, Sabbatini G, Coppola S, Veronese A,
Chiumello D, Paroni R (2019) Oxidative stress markers
to investigate the effects of hyperoxia in anesthesia. Int
J Mol Sci 20: 5492.
Pasupuleti VR, Sammugam L, Ramesh N, Gan SH (2017)
Honey, propolis, and royal jelly: a comprehensive review
of their biological actions and health benefits. Oxid Med
Cell Longev 2017: 1259510.
Rathke C, Baarends WM, Jayaramaiah-Raja S, Bartkuhn M,
Renkawitz R, Renkawitz-Pohl R (2007) Transition from
a nucleosome based to a protamine-based chromatin configuration during spermiogenesis in Drosophila. J Cell Sci
120: 1689-1700.
Schafer S, Holzmann A (2000) The use of transmigration and
spermac stain to evaluate epididymal cat spermatozoa.
Anim Reprod Sci 59: 201-211.
Shahzad Q, Mehmood MU, Khan H, Husnad A, Qadeer S,
Azam A, Naseer Z, Ahmad E, Safdar M, Ahmad M (2016)
Royal jelly supplementation in semen extender enhances
post-thaw quality and fertility of Nili-Ravi buffalo bull
sperm. Ani Reprod Sci 167: 83-88.

D. Yeni et al.
Sharma RK, Agarwal A (1996) Role of reactive oxygen species in male infertility. Urology 48: 835-850.
Singh MP, Sinha AK, Singh BK (1995) Effect of cryoprotectants on certain seminal attributes and on the fertility
of buck spermatozoa. Theriogenology 43: 1047-1053.
Soleimanzadeh A, Talavi N, Yourdshahi VS, Bucak MN
(2020) Caffeic acid improves microscopic sperm parameters and antioxidant status of buffalo (Bubalus bubalis)
bull semen following freeze-thawing process. Cryobiology 95: 29-35.
Taşdemir U, Büyükleblebici S, Tuncer PB, Coşkun E,
Ozgürtaş T, Aydın FN, Büyükleblebici O, Gürcan IS
(2013) Effects of various cryoprotectants on bull sperm
quality, DNA integrity and oxidative stress parameters. Cryobiology 66: 38-42.
Taşdemir U, Tuncer PB, Büyükleblebici S, Özgürtaş T,
Durmaz E, Büyükleblebici O (2014) Effects of various
antioxidants on cryopreserved bull sperm quality. Kafkas
Üniv Vet Fak Derg 20: 253-258.
Taşdemir U, Yeni D, İnanç ME, Avdatek F, Çil B, Türkmen R,
Güngör Ş, Tuncer PB (2020) Red pine (Pinus brutia Ten)
bark tree extract preserves sperm quality by reducing
oxidative stress and preventing chromatin damage.
Andrologia 52: e13603.
Ugur MR, Abdelrahman AS, Evans HC, Gilmore AA, Hitit M,
Arifiantini RI, Purwantara B, Kaya A, Memili E (2019)
Advances in cryopreservation of bull sperm. Front Vet Sci
6: 268.
Watson PF (2000) The causes of reduced fertility with cryopreserved semen. Anim Reprod Sci 60-61: 481-492.
Yeste M (2016) Sperm cryopreservation update: cryodamage,
markers, and factors affecting the sperm freezability
in pigs. Theriogenology 85: 47-64.
Yousef MI, Salama AF (2009) Propolis protection from reproductive toxicity caused by aluminium chloride in male
rats. Food Chem Toxicol 6: 1168-1175.
Zini A, San Gabriel M, Libman J (2010) Lycopene supplementation in vitro can protect human sperm deoxyribonucleic acid from oxidative damage. Fertil Steril
94: 1033-1036.

