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This study describes antioxidative activity of green tea (GT) extract on standard post-thawed quality 
indicators of frozen buffalo bull’s spermatozoa. Semen samples were obtained from the bulls for three 
weeks through artificial vagina. Egg yolk was used as an extender, in which different concentrations of 
GT extract (0.0%, 0.50%, 1.0%, 1.5%, 2.0% and 2.5%) were added. Semen quality indicators studied 
were the percentage of motility, survivability, plasma membrane integrity and acrosome integrity of 
frozen buffalo bull sperms. The antioxidative effect of GT was observed at the comparatively lower 
concentration (0.1-1.5%) on the post-thawed quality indicators. On the other hand, the hight GT 
concentration (1.5%) significantly decreased the quality indicators of spermatozoa. Green tea extract 
enhanced the spermatozoa survivability, integrity of acrosome and plasma membrane of spermatozoa 
following freezing and thawing. It is suggested that the addition of 1.5% green tea extract (4 g in 200 ml 
methanol) can be safely used for enhanced effectiveness of fertility after thawing. 

INTRODUCTION

Semen cryopreservation is an important modus operandi 
of assisted reproductive techniques (ART) commonly 

applied for enhancement of the reproductive efficiency in 
domestic animals including buffalos. It has been reported 
that Buffalo’ bull spermatozoa are inclined to oxidative 
stress-induced damages because of having abundant 
polyunsaturated fatty acids that include arachidonic and 
docosahexaenoic acids in the plasma membrane and lower 
availability of scavenging enzymes in their cytoplasm 
(Janic et al., 2000). Freezing/thawing procedure of sperm 
is routinely performed for artificial insemination (Bucak et 
al., 2008). During cryopreservation, semen is exposed to 
cold shock and atmospheric oxygen, which in turn raises 
the susceptibility to lipid peroxidation (Bucak et al., 2011). 
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Oxidative stress (OS) produced in these procedures due 
to high reactive oxygen species (ROS) are resulting in the 
reduction of intracellular ATP levels that instigate lipid 
peroxidation in the plasma membrane of sperm (Almei-
da and Ball, 2005). Thus, these ROS have a depressing 
effect on sperm motility and weaken its fertilizing capa-
bility (Zarghami and Khosrowbeygi, 2005; Fraczeket al., 
2007). Furthermore, cryopreservation of bull semen has 
been associated with a reduction of sperm intracellular an-
tioxidants such as GSH and superoxide dismutase (SOD). 
Despite intensive use of frozen semen in artificial insem-
ination, there is still a need for improvement of the cry-
opreservation process, as about 40 to 50% of the viable 
sperm are damaged during freezing and thawing (Watson, 
2000).

A number of studies have been carried out to 
discover the role of antioxidants in the fight against OS 
in the semen cryopreservation biology. In recent times, 
extensive research focus has been intended for the use of 
natural antioxidants derived from plants or herb derived 
antioxidant, since these antioxidants are well known for its 
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lower cytotoxicity and are known to be better than synthetic 
antioxidants (Gupta and Sharma, 2006; Nagulendran et 
al., 2007; Sen et al., 2010). Green tea (Camila sensis) 
has been reported to provide enhanced antioxidant 
protection in comparison with the normal polyphenols 
in antioxidant vitamins such as C and E (Tedeschi et al., 
2004). Additionally, its antioxidative activity has been 
reported stronger than butylated hydroxyanisole, butylated 
hydroxytoluene, and DL-alpha-tocopherol. Conversely, 
it has been reported that green tea polyphenols induced 
cytotoxicity which is lower than butylated hydroxyanisole, 
butylated hydroxytoluene and DL-alpha-tocopherol (Chen 
et al., 1994). Polyphenols that are the most imperative 
water-soluble constituent of green tea infusions have 
been associated with beneficial effects on health due to 
their strong antioxidative properties. They are also potent 
scavengers of ROS superoxide, hydrogen peroxide, 
hydroxyl radicals and nitric oxide. Epigallocatechingallate 
(EGCG), epicatechingallate (ECG), epicatechin (EC) 
and epigallocatechin (EGC) are fundamental green tea 
polyphenols (Wittayarat et al., 2013). Furthermore, in the 
last decade, it has been elucidated that EGCG has a role in 
the prevention of impulsive mutations and chromosomal 
damage stimulated by ROS in somatic cells (Roy et al., 
2003).

The ability of spermatozoa to fertilize the ovum 
depends upon its capability to reach at the site of 
fertilization (oviduct) after insemination which is directly 
related to the morphological changes that occur during the 
cryopreservation process. Myometrial contractility is an 
essential component in the fertilization process because it 
is the mechanism by which spermatozoa are transported 
to the site of fertilization. In an effort to stimulate certain 
physiological events (uterine contractility) associated with 
breeding, several research groups examined the effect of 
green tea on the pig semen at the time of breeding (Cheng 
et al., 2001). Similarly, plasma membrane and acrosomal 
integrity have been positively correlated with fertility in 
bovine (Saack and White, 1972). Therefore, by ensuring 
the availability of morphologically normal, motile and 
healthy (with intact plasma membrane and acrosome) 
spermatozoa at the site of fertilization (in the oviduct), the 
efficiency of AI in buffalo husbandry management could 
be improved to increase its productivity.

Several studies have been demonstrated that the 
plant-derived antioxidant or herbs are associated with 
improvement of spermatozoa in freezing extender to 
reduce the oxidative stress induced by ROS and free 
radical during the process of cryopreservation in a different 
region of the world. In recent times beneficial and/ or 
antioxidative protection of green tea extract on the quality 
of canine, avian, mouse, Sahiwal and Achai bull semen has 

been reported (Wittayarat et al., 2013; Al-Daragi, 2011; 
Absehenas et al., 2011; Ali et al., 2014; Khan et al., 2017). 
On the other hand, no study has been carried out in buffalo 
bull semen extender biology to elucidate the response of 
the green tea extract on the post-thaw quality indicators 
that includes sperm motility, viability, plasma membrane 
integrity and acrosome integrity at different concentration 
despite the fact that buffalo play a significant role in Asian 
agriculture.

MATERIALS AND METHODS

Ethical approval
The current study was carried out after approval from 

the ethical committee of the Faculty of Animal Husbandry 
and Veterinary Sciences, The University of Agriculture 
Peshawar. 

Area of study
Execution of the current research trial was done to 

investigate the response of diverse levels of green tea extract 
on post-thaw quality of bull spermatozoa. Collection of 
experimental material was done from Nili Ravi buffaloes 
at Semen Production Unit, Harichand, district Charsadda. 
Following semen thawing, freezing and then preservation 
and after that different solution was prepared at National 
Agriculture and Research Centre, Islamabad to perform 
fertility parameters and then finally post-thaw parameters 
were performed at Semen Production Unit Harichand, 
District Charsadda.

Management practices
The experimental breeding buffalo bulls that were used 

for semen collection were kept in the clean and hygienic 
environment at Semen Production Unit, Harichand, district 
Charsadda. The bulls were housed individually and the 
pens were located from north to south direction so that to 
protect bulls from heat during summer. The experimental 
bulls were given good quality seasonal green fodder at 
10% of body weight accompanied with 2-3kg concentrate 
every day. A supply of clean water was also ensured to the 
bulls. Twice a day shower was given to the breeding bulls 
along with physical exercise for 1 h two times a week. As 
per the schedule, the bulls were vaccinated against FMD, 
TB, HS and BQ. Necessary measures were taken for the 
handling of these bulls.

Semen collection
Semen was collected through artificial vagina (AV). 

Proper sterilization of all the equipment was made before 
using. Water temperature ranges from 45-50°C filled into 
AV to make up the desired temperature to 42°C which 

N.B.S. Khattak et al.



649                                                                                        

 

is the ideal temperature for AV (Andrabi et al., 2008). 
The air was injected into AV to produce pressure so 
that it allows easy penetration of penis so that sufficient 
pressure was exerted to induce stimulus. The inner lining 
was lubricated through K-Y jelly (Sharma et al., 1957). 
The AV was covered with a jacket in order to prevent the 
spermatozoa from sunlight. A warm glass vial was also 
used for collection.

Two consecutive ejaculates were collected at weekly 
interval for Four weeks. Immediately the ejaculates were 
then transferred to the laboratory and were kept in a 
water bath at 33-34°C.The semen samples were subjected 
to gross (volume, color) and microscopic (percentage 
motility) evaluation. Semen ejaculates having motility 
more than 80% were considered for the study. 

Procedure for extract collection from green tea
Green tea extract was prepared by using the standard 

protocol as previously explained by Chan et al. (2011). 
First, green tea leaves were powdered in a laboratory 
blender. Then 4 g of powdered tea leaves was taken and 
mixed it in 200 ml of methanol, then it was kept for 18 
h at room temperature following centrifugation at 6200 
rpm for 20 min. The supernatant was taken out and filtered 
through filter paper. The extract was then kept frozen for 
future use.

Preparation of semen extender (egg yolk-citrate extender)
Tris-citric acid (100 ml) extender was prepared as first 

added 3.03 g tris and 1.56 g citric acid in 50 ml distilled 
water in a beaker. Then properly mixed it for 10-15 min 
with the help of a stirrer and after that checked its pH 
which ranges from 7.0-7.2, then added 0.2 g fructose and 
mixed it for 5-10 min and then added 7% (7ml) glycerol 
and again mix it for 5-10 min and after that took an egg 
and collected egg yolk from it and added 20% (20ml) of 
egg yolk to the extender solution and mixed for 10-15 
min. At the end added 0.01 g streptomycin sulfate to the 
solution. Then add distilled water to the beaker up to 95 
ml and adjusted the pH upto 7.00 (Khan and Ijaz, 2007). 

Inclusion level of green tea extracts in extended semen
In order to assess the potential impact of GTE, 

diverse concentration of green tea extract (0.00%, 0.50%, 
1.0%, 1.50%, 2.00% and 2.50%) were added in the semen 
extender. Incubation of the green tea extract containing 
tubes was carried out for 30 min at 37°C to allow methanol 
to evaporate followed by the addition of semen to the 
tubes. Furthermore, in order to permit the uptake of the 
green tea extract by spermatozoa further incubation was 
done for the 5 min interval at 37°C. Equilibration of semen 

was done for 2 h via temperature changes from 37°C to 
4°C. Extended semen were filled into 0.5 ml straws were 
used inside cold cabinet division and were frozen first 
at -120°C by holding in nitrogen vapors for 7 min, 4 cm 
high liquid nitrogen. Liquid nitrogen was used for keeping 
semen straws that were frozen at -196°C.

Post-thawed semen evaluation
At the time of analysis, one straw of semen from each 

treatment was thawed separately at 37°C for 30 sec to 
perform semen quality parameters.

For motility assessment, the semen straw was emptied 
in a test tube kept in a water bath. A small drop of 10µl 
of semen was placed on pre-warmed (37°C) glass slide 
and covered with a coverslip. The percentage motility of 
spermatozoa (Ijaz et al., 2009) was assessed at 40X under 
a phase-contrast microscope (Olympus BX51 TF, Japan).

Sperm viability was performed using the standard 
protocol as previously described by (Mughal et al., 2013). 
Eosine-Nigrosine staining method was used to perform 
this study (Bucak et al., 2007). The composition of stain 
was made by adding Eosine-Y (Merck, Germany) (1.67g), 
Nigrosin (Merck, Germany) (10g), and sodium citrate 
(2.9g), dissolved in 100 mL of distilled water. A suspension 
smear of spermatozoa was prepared by placing a small 
drop of semen on one side of a clean slide and a small drop 
of smear on the same slide just close to the semen drop 
and with the help of a stirrer gently mixed it for 3 min then 
prepare a smear with the help of another slide and then 
dry the smear. With the help of the brightfield, microscope 
assessed the sperm viability at 40X magnification. After 
that 200 spermatozoa were counted. Sperm that looks 
purple was declared as non-viable. Whereas sperm that 
looked white means stain did not pass through the cell 
membrane of that spermatozoa were declared as viable/live 
(Balestri et al., 2007). The percentage of viable/nonviable 
sperm was identified by counting 200 spermatozoa on the 
slide.

Plasma membrane integrity was determined through 
the hypo-osmotic test (host) (Gohar et al., 2014). Briefly, 
preparation of host solution (190 osm/L) was done via 
mixing 0.735 g of trisodium citrate dihydrate and 1.351g 
D (-) fructose in 100 mL of de-ionized distilled water. 
For the assessment of membrane integrity 500µL of the 
hypo-osmotic solution was incubated for 45 min at 37°C 
with 50 µL of each frozen-thawed semen sample and 
observed under a phase-contrast microscope (40X). Two 
hundred spermatozoa for each slide were counted, and 
the percentage of spermatozoa exhibiting tail curling 
(intact membrane) was assessed. The swelling of sperm 
cell tail shows integrity of sperm cell. Normal semen has 
300mosm/L osmolarity.

Green Tea and Buffalo Bull Semen Characteristics 649
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The acrosome integrity test was performed with the 
help of formal citrate solution, prepared by adding 2.9 g 
trisodium dihydrate (Merck, Darmstadt, Germany) and 
1ml of 37% formaldehyde (Scharlau, Barcelona, Spain) 
in 99 ml distilled water and then properly mixed it. Intact 
acrosome was identified by the formation of normal 
Apical Ridges. 200 spermatozoa were counted by their 
normal Apical Ridge observed with help of phase contrast 
microscope at 100X magnification (Khan and Ijaz, 2007). 

Statistical analysis
The statistical analysis was done through analysis of 

variance using SPSS. Comparison of the treated groups 
with different concentration of the green tea extract was 
done using Duncan’s multiple range test by ANOVA 
procedure, when the F-value was significant (p>0.05) for 
the percentages of spermatozoa showing different quality 
characteristics.

RESULTS AND DISCUSSION

Spermatozoa motility
Table  I shows effect of different concentrations 

of GTE on sperm mobility,  sperm viability, acrosome 
integrity (AI) and spermatozoa plasma membrane integrity 
(PMI) in bovine bulls. 

Sperm motility is an indication of the energy status 
of spermatozoa, is an important factor in normal sperm 
function because poorly motile spermatozoa may not 
reach the fertilization site in oviduct due to mucus barrier 
(Mortimer, 1997). The current findings demonstrated the 
positive effect of the green tea extract on the motility of 
post-thawed spermatozoa, high motility rate 49.20±0.82 
(P<0.05) was observed after addition of 1.5% of green tea 
extract in semen extender as compared with the control 
and other treated groups (Table I).

  The green tea extraction (1.5%) significantly 
increased the spermatozoa motility, spermatozoa viability, 
acrosome integrity and spermatozoa plasma membrane 
integrity as compared to control.

The fertilization capability of sperm subsequent to 
cryopreservation is an imperative aspect of high-pregnancy 
rates in diverse mammalian species after insemination, and 
it is linked with the sperm excellence following freeze-
thaw process. To our knowledge, we are the first to attempt 
the current experiment for the exploration of the positive 
impact of green tea in buffalo (bulls) spermatozoa that 
are associated with the fight against the lipid peroxidation 
that commonly happens throughout cryopreservation 
events. Furthermore, the affirmative response of the green 
tea in semen extender on the functional spermatozoa 
attributes that was obtained in the current finding might 
be ascribed to the availability of abundant polyphenols 
of the component in GT. These polyphenols are effective 
in lessening the production ROS during cryopreservation 
(Chyu et al., 2004).

Reproduction is a dynamic phenomenon of the 
mammalian species. The fertilization capability of sperm 
subsequent to cold storage is an imperative aspect of 
elevated fertility feature in diverse mammalian species after 
AI, and it is linked with the post-thaw sperm excellence. 
Semen distinctive characteristics are the gauge of 
flourishing aspect in the assisted reproductive technologies 
for the enhancement of reproductive management of the 
breeding buffalo bull used for artificial insemination 
diligence. Spermatozoa survivability, intact membrane 
integrity and that of acrosome are considered the essential 
factors in the assessment of semen excellence. Recently 
the application of green tea extract is the important 
research focus associated with the deterrence of a variety 
of mammalian malady and also its outcome on animal 
reproduction. 

Table I.- Effect of different concentration of green tea (Camellia sinesis) extract (GTE) on post-thawed motility 
(P-value=0.011) and viability (P-value=0.000) characteristics, acrosomal integrity (AI; P-value 0.023) and plasma 
membrane integrity (PMI; P-value 0.013) (Mean±SD) in semen extender.

GTE / Conc (%) Sperm motility (%) Sperm viability (%) AI (%) PMI (%)
GTE1 (0.00) 28.06±1.10c 64.85±2.21c 60.10± 2.01d 62.26±2.41d

GTE2 (0.50) 38.26±3.25b 73.68±2.66b 65.13±2.20c 65.20±1.70c

GTE3 (1.00) 40.30±1.94b 74.40±1.51b 69.03±1.96b 68.06±1.00b

GTE4 (1.50) 49.20±0.82a 83.13±3.00a 78.19±2.05a 75.83±1.45a

GTE5 (2.00) 22.34±2.65d 64.90±1.15c 63.26±0.9cd 62.17±0.75d

GTE6 (2.50) 20.13±2.02d 63.78±1.52c 60.06±2.04d 60.51±0.81d

Different superscript i.e., a, b, c and d in column indicated the level significance of green tea in semen extender. Level of significance was P < 0.05. 
GTE1, control extender without any addition of green tea extract; GTE2 indicate the addition of GTE at 0.5% in semen extender , GTE3, 1.00% in semen 
extender; GTE4, 1.5% in semen extender; GTE5, 2.00% of the green tea extract; GTE6, 2.50% of the green tea extract.
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Expression of extract green tea has been elucidated in se-
men extender in diverse mammalian species from the dif-
ferent region of the world. Currently, it has been reported 
in rabbits, mouse, chicken and Achia cattle. On the other 
side, there is the dearth of literature on the effect of diverse 
green tea extract concentration in bovine semen extender. 
Consequently, here we attempted to clarify the impact of 
different level of extorting of the green tea in the semen 
extender for cry preserved buffalo bull spermatozoa excel-
lence attributes.

Spermatozoa’s having characteristic motility is the 
essential feature in attaining flourishing fertilization. 
Subfertility or infertility in the domestic animal has been 
associated with deficient motility of spermatozoa (Itach et 
al., 2011). The effect of green tea extract on progressive 
sperm motility has not been studied thus far in buffalo 
bull semen extender; although few reports in the semen 
of cattle bulls and other mammalian species have been 
recently reported. Ali et al. (2015) and Khan et al. (2017) 
have investigated observed better motility with a lower 
concentration of green tea extract bull semen. Increase 
tendency was observed in motility of semen samples 
containing green tea extract in the current investigation 
from 0.5 % and attained the significant beneficial level at 
1.5% addition with control and higher concentration. The 
result obtained in the current finding was in corroborated 
withthe recent study carried out in Achai bull where the 
beneficial effect of the green tea extract was recorded 
at lower concentration (Khan et al., 2017). The optimal 
concentration of green tea extract in the extender was 1.5% 
(w/v) in the current study, which was in close vicinity of 
0.75% described by Khan et al. (2017) in Achai bulls and 
Ali et al. (2014) for Sahiwal bulls. The slight difference in 
results obtained in semen extender in buffalo bull semen in 
the current study with aforementioned researchers might 
be due to the difference of species.

The functional mechanism of the green tea extract 
in the semen extender biology is not yet fully clarified. 
However, the improvement of spermatozoa motility that’s 
established in the current research trail might be ascribed 
to the presence of antioxidants components in the green tea 
that exerted a positive impact on reactive oxygen species. 
These ROS have been associated with lipid peroxidation 
which has a depressing impact on spermatozoa functional 
attributes. Additionally,these functional mechanisms have 
been further elucidated by Duru et al. (2000) and Ozmen 
et al. (2007), whose research demonstrated that’s lipid 
peroxidation of the spermatozoa membrane via Reactive 
oxygen species provoke the demolition of factors that 
manipulate functional aspects of spermatozoa including 
the fertilization capability and survivability. Furthermore, 
enhancement of motility characteristic of the spermatozoa 

observed in the current trails was corroborated with the 
finding of Aitken and Fisher (1994) and de Lamirande 
and Gagnon (1995). Consequently, the improvement of 
sperm motility subsequent to the addition of different 
concentration of green tea extract to semen extenders 
in the current study might be tempted via reduction of 
efficient reactive oxygen species.

The viability of buffalo semen is the essential feature 
in the reproductive management of buffalo. Sperm 
viability appraises an intact plasma membrane, which 
is vulnerable to commotion by ROS (Cocuzza et al., 
2007). It can be influenced by many factors and additives. 
Among these factors, the survivability of spermatozoa in 
female oviduct is a very crucial feature. A dose-dependent 
increase in sperm viability through Inclusion of green tea 
extract in semen extender or sperm storage media has 
been reported in the recent past (Lombardo et al., 2012; 
Khan et al., 2017). In the current study also comparatively, 
lower concentrations of green tea extract enhanced semen 
excellence by increasing the motility, viability of the post-
thaw buffalo bull whereas a higher concentration exerted 
the opposite effect.

Spermatozoa are not capable to contribute in the 
fertilization process of the egg subsequent to ejaculation 
in diverse mammalian species, and they must get hold 
of the competence to fertilize “capacitation” in the 
female reproductive tract (Yanagimachi, 1994). Binding 
to the zona pellucida arouse the spermatozoa to endure 
acrosome reaction (AR) where the fusion of the outer 
acrosomal membranes occur with the overlying plasma 
membrane. This functional exocytotic occurrence is 
associated with the release of hydrolytic enzymes which 
are fundamental for the fertilization process. Spermatozoa 
which acrosome have to stimulate loss impulsively 
subsequent to ejaculation or by physical damages during 
cryopreservation are not capable to participate in the 
fertilization of eggs. Accordingly, AI is a crucial gauge of 
potential sperm function associated with fertilization of the 
oocytes at Al. Hence, the appraisal of acrosome indemnity 
after the freeze-thaw process is an essential aspect to 
consider in the successful reproductive management of the 
buffalo production enterprise. In the current study, 78.19% 
spermatozoa were found acrosome-intact in semen via 
extender having 1.5% green tea extract, which diminishes 
considerably when the comparison was made with control. 
It has been demonstrated that acrosomal thrashing might 
be associated with a degenerative process following the 
death of the spermatozoa (Fazeli et al., 1997).

In the subcontinent region where buffalo are 
abundantly available, the most extensively applied 
excellence appraisal decisive factor i.e. post-thaw motility 
(PTM) of buffalo sperms single trait was not adequate as 
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a gauge for post-thaw sperm, excellence. As a substitute, 
the plasma membrane integrity of spermatozoa PMI, 
which is very much fundamental in sustainability of 
spermatozoa functional attributes that includes SM, sperm 
motility, capacitation, acrosome reaction and its integrity 
is essential for the reaction essential for connections 
between the spermatozoa and the female reproductive 
region for union of both gametes (Rodríguez-Martínez, 
2003), is receiving significance as a gauge in the appraisal 
of fertilization potential of the buffalo bull spermatozoa. 
A substantial level of polyunsaturated fatty acids (PUFA) 
is found in the plasma membrane of buffalo sperm which 
a tendency to lipid peroxidation (Mandal et al., 2014; 
Niki et al., 2005). Consequently, effective antioxidant 
components are necessary to safeguard sperm cells against 
damage due to lipid peroxidation (Breque et al., 2003). The 
result obtained in the current study associated with plasma 
membrane integrity was close with the recent finding of 
Khan et al. (2017) who investigated the Plasma membrane 
integrity in Achai bull semen extender and demonstrated 
that the post-thawed percentage of spermatozoa with intact 
plasma membranes was higher (P<0.05) at 0.75% green 
tea extract inclusion level. In our study also, the beneficial 
effect of green tea extract has been exerted on PMI of 
buffalo bull semen at 1.5% concentration. This slight 
variation in the response of the green tea extract in the 
semen extender might be ascribed to the use of different 
experimental animal species. The current findings to a 
greater extent supported the preservative effect of Green 
tea extract due to the antioxidant capacity of green tea. 
The antioxidant property of green tea has recently been 
reported in the semen extenders of Achai bull and Sahiwal 
bull (Khan et al., 2017; Ali et al., 2014). Additionally, the 
potential reason for this functional mechanism might due 
to the presence of a substantial percentage of polyphenols 
in green tea which are associated with prevention of cell 
damage caused by lipid peroxidation (Perumalla and 
Hettiarachchy, 2011). In addition, in the recent past, it has 
been reported that polyphenols in green tea are associated 
with the fight against free radicals and may diminish or 
even assist to obstruct a number of the damage they cause 
(Thasleema, 2013). Furthermore, it has been demonstrated 
that epigallocatechin gallate (EGCG) is the most important 
catechin of green tea extract (48–55% of total polyphenols) 
(Ho et al., 1997; Kodama et al., 2010). These polyphenols 
in the green tea extract have a vibrant antioxidant feat 
(Dufresne and Farn worth, 2001) and are an efficient 
seeker of ROS superoxide, hydrogen peroxide, hydroxyl 
radicals, and nitric oxide synthesized by diverse chemicals 
(Schroeder et al., 2003).

CONCLUSION

In conclusion, our study demonstrated that Green 
tea extract should be used in the semen extender biology 
to enhance the post-thaw buffalo bull spermatozoa 
fertility indicators. Hence the use of plant-derived natural 
antioxidant like green tea extract in assisted reproduction 
associated with sperm cryopreservation become a visible 
potential avenue for improving the buffalo reproductive 
characteristics as evident in the present study.

ACKNOWLEDGMENTS

The authors wish to thanks all the supporting staff in 
helping during this study.

Statement of conflict of interest
The authors report no conflicts of interest. The 

authors alone are responsible for the content and writing 
of this article.

REFERENCES

Abshenas, J., Babaei, H., Zare, M.H., Allahbakhshi, A. 
and Sharififar, F., 2012. The effects of green tea 
(Camellia sinensis) extract on mouse semen quality 
after scrotal heat stress. Vet. Res. Forum, 2: 242-
247.

Ahmad, K. and Chaudhry, R.A., 1980. Cryopreservation 
of buffalo semen. Vet. Rec., 106: 199-201. https://
doi.org/10.1136/vr.106.9.199

Aitken, J. and Fisher, H., 1994. Reactive oxygen species 
generation and human spermatozoa: The balance of 
benefit and risk. Bioessays, 16: 259-267. https://
doi.org/10.1002/bies.950160409

Aitken, R.J., Muscio, L., Whiting, S., Connaughton, 
H.S. and Fraser, B.A., 2016. Analysis of the effects 
of polyphenols on human spermatozoa reveals 
unexpected impacts on mitochondrial membrane 
potential, oxidative stress and DNA integrity: 
Implications for assisted reproductive technology. 
Biochem. Pharmacol., 121: 78-96. https://doi.
org/10.1016/j.bcp.2016.09.015

Akhtar, T. and Chaudhry, R.A., 1989. Effect of different 
extenders on extracellular release of hyaluronidase 
from buffalo bull semen. Buffalo J., 2: 137-142.

Al-Daraji, H.J., 2011. Effect of diluent supplementation 
with different levels of green tea on roosters’ semen 
quality during in vitro storage. Int. J. Pl. Anim. 
environ. Sci., 3: 51-56.

Ali, H., Riaz, A., Ghafoor, A., Javeed, A. and Satter, 
A., 2014. Antioxidative protection by strawberry 

https://doi.org/10.1136/vr.106.9.199
https://doi.org/10.1136/vr.106.9.199
https://doi.org/10.1002/bies.950160409
https://doi.org/10.1002/bies.950160409
https://doi.org/10.1016/j.bcp.2016.09.015
https://doi.org/10.1016/j.bcp.2016.09.015


653                                                                                        

 

Green Tea and Buffalo Bull Semen Characteristics 653

and green tea extracts during cryopreservation of 
Sahiwal bull semen. Pak. J. Life Soc. Sci., 12: 97-
100.

Almeida, J. and Ball, B.A., 2005. Effect of atocopherol 
and tocopherol succinate on lipid peroxidation 
in equine spermatozoa. Anim. Reprod. Sci., 
87: 321-337. https://doi.org/10.1016/j.
anireprosci.2004.12.004

Asadpour, A., Koochaki, F., Sheikhzadeh, N. and Tayefi-
Nasrabadi, H., 2012. Effects of decaffeinated 
green tea (Camellia sinensis) on reproductive 
characteristics and egg quality in rainbow trout 
(Oncorhynchus mykiss). Bulgarian J. Vet. Med., 
15: 246-253.

Bailey, J.L., Bilodeau, J.F. and Cormier, N., 2000. 
Semen cryopreservation in domestic animals: A 
damaging and capacitating phenomenon: Mini 
review. J. Androl., 21: 1-7.

Banana, H.J.H., Al-Saab, H.K.J. and Mahmoof, F.A., 
2015. Effect of adding different levels of green tea 
infusion to semen extenders on some characteristics 
of the chilled-stored Awassi ram semen. Euphrates 
J. agric. Sci., 74: 1-9.

Bhosrekar, M.R., Rane, R.S. and Mazokari, R.C., 2001.
Fertility of murrah buffalo bulls in Bhilawadi 
area of Sangli district. In: Proceedings of the 
XVII Annual Convention and National Seminar 
on Fertility Management of Farm Animals Under 
Adverse Agro-climatic Conditions, Jodhpur, India, 
6-8 October, pp. 18.

Breque, C., Surai, P. and Brillard, J.P., 2003. Roles 
of antioxidants on prolonged storage of avian 
spermatozoa in vivo and in vitro. Mol. Reprod. 
Develop., 66: 314-323. https://doi.org/10.1002/
mrd.10347

Bucak, M.N., Atessahin, A. and Yüce, A., 2008. Effect 
of antioxidants and oxidative stress parameters on 
ram semen after the freeze-thawing process. Small 
Rumin. Res., 75: 128-134. https://doi.org/10.1016/j.
smallrumres.2007.09.002

Bucak, M.N., Baspinar, N., Tuncer, P.B., Çoyan, K., 
Sanözakan, S., Akalin, P.P., Büyükleblebici, S. 
and Küçükgünay, S., 2011. Effect of curcumin and 
dithioerythritol on frozen-thawed bovine semen. 
Andrologia, 44(Suppl. 1): 102-109. https://doi.
org/10.1111/j.1439-0272.2010.01146.x

Chan, E.W.C., Lim, Y.Y. and Chew, Y.L., 2007. 
Antioxidative activity of Camellia sinensis and 
tea from lowland population in Malaysia. Fd. 
Chem., 102: 1214-1222. https://doi.org/10.1016/j.
foodchem.2006.07.009

Chyu, K.Y., Babbidge, S.M., Zhao, X., Dandillaya, R., 
Rietveld, A.G., Yano, J., Dimayuga, P., Cercek, 

B. and Shah, P.K., 2004. Differential effects of 
green-tea derived catechin on developing versus 
established atherosclerosis in apolipoprotein E-null 
mice. Circulation, 109: 2448-2453. https://doi.
org/10.1161/01.CIR.0000128034.70732.C2

Cocuzza, L., Sikka, S.C., Athayde, K.S. and Agarwal, 
A., 2007. Clinical relevance of oxidative stress 
and sperm chromatin damage in male infertility: 
An evidence based analysis. Int. Braz. J. Urol., 
33: 603-621. https://doi.org/10.1590/S1677-
55382007000500002

de-Lamirande, E. and Gagnon, C., 1995. Impact 
of reactive oxygen species on spermatozoa: A 
balancing act between beneficial and detrimental 
effects. Hum. Reprod., 10: 15-21. https://doi.
org/10.1093/humrep/10.suppl_1.15

Dufresne, C.J. and Farnworth, E.R., 2001. A review of 
latest research findings on the health promotion 
properties of tea. J. Nutr. Biochem., 12: 404-421. 
https://doi.org/10.1016/S0955-2863(01)00155-3

Duru, N.K., Morshedi, M., Schuffner, A. and Oehninger, 
S., 2000. Semen treatment with progesterone and/or 
acetyl-Lcarnitine does not improve sperm motility 
or membrane damage after cryopreservation-
thawing. Fertil. Steril., 74: 715-720. https://doi.
org/10.1016/S0015-0282(00)01494-1

Fraczek, M., Jedrzejezak, P., Kamieniczna, M. and 
Kurpisz, M., 2007. Bacteria trigger oxygen 
radical release and sperm lipid peroxidation in 
in vitro model of semen inflammation. Fertil. 
Steril., 88: 1076-1085. https://doi.org/10.1016/j.
fertnstert.2006.12.025

Gadani, B., Bucci, D., Spinaci, M., Tamanini, C. and 
Galeati, G., 2017. Resveratrol and Epigallocatechin-
3-gallate addition to thawed boar sperm improves in 
vitro fertilization. Theriogenology, 90: 88-93. https://
doi.org/10.1016/j.theriogenology.2016.11.020

Gohar, A., Khan, H., Yousaf, M.S., Ahmad, J., Ali, Q., 
Khan, M., Khan, D., Hayat, Y., Ali, F., Ahmad, 
I., Saleem, M. and Ullah, F., 2014. Assessment 
of alpha lipoic acid inclusion in semen extender 
on cryopreservation of Nili-Ravi buffalo bull 
spermatozoa. Life Sci. J., 11: 45-50.

Gupta, V.K. and Sharma, S.K., 2006. Plants as natural 
antioxidant. Nat. Prod. Radiance, 5: 326-334.

Eldebaky, H.A., Sabra, H.A., Samy, A.A., Eman, M.G. 
and El-Khadrawy, H.H., 2015. Protective effect of 
green tea (Camellia snensi) extract on P53 gene 
mutation and reproductive toxicity in male rat. Int. 
J. Genet., 5: 53-62.

Habibeh, G., Mahnaz, A., Mohammad, N., Latifeh-
Karimzadeh, S.K.D. and Soumendra, N.K., 2015. 
Effect of green tea (Camellia sinensis L.) leaf 

https://doi.org/10.1016/j.anireprosci.2004.12.004
https://doi.org/10.1016/j.anireprosci.2004.12.004
https://doi.org/10.1002/mrd.10347
https://doi.org/10.1002/mrd.10347
https://doi.org/10.1016/j.smallrumres.2007.09.002
https://doi.org/10.1016/j.smallrumres.2007.09.002
https://doi.org/10.1111/j.1439-0272.2010.01146.x
https://doi.org/10.1111/j.1439-0272.2010.01146.x
https://doi.org/10.1016/j.foodchem.2006.07.009
https://doi.org/10.1016/j.foodchem.2006.07.009
https://doi.org/10.1161/01.CIR.0000128034.70732.C2
https://doi.org/10.1161/01.CIR.0000128034.70732.C2
https://doi.org/10.1590/S1677-55382007000500002
https://doi.org/10.1590/S1677-55382007000500002
https://doi.org/10.1093/humrep/10.suppl_1.15
https://doi.org/10.1093/humrep/10.suppl_1.15
https://doi.org/10.1016/S0955-2863(01)00155-3
https://doi.org/10.1016/S0015-0282(00)01494-1
https://doi.org/10.1016/S0015-0282(00)01494-1
https://doi.org/10.1016/j.fertnstert.2006.12.025
https://doi.org/10.1016/j.fertnstert.2006.12.025
https://doi.org/10.1016/j.theriogenology.2016.11.020
https://doi.org/10.1016/j.theriogenology.2016.11.020


654                                                                                        

 

N.B.S. Khattak et al.

extract on reproductive system of adult male albino 
rats. Int. J. Physiol. Pathophysiol. Pharmacol., 7: 
178-184.

Heba, M.A., Razek, A., Doaa, H.E., Hala, M., Ebaid, R. 
and Mohamed, M., 2016. Ameliorating effects of 
green tea extract on cadmium induced reproductive 
injury in male Wistar rats with respect to androgen 
receptors and caspase- 3. Reprod. Biol., 16: 300-
308. https://doi.org/10.1016/j.repbio.2016.11.001

Ho, C.T., Chen, C.W., Wanasundara, U.N. and Shahidi, 
F., 1997. Natural antioxidants from tea. In: Natural 
antioxidants. Chemistry, health effects and 
applications (ed. F. Shahidi). Champaign, Illinois, 
AOCS Press, pp. 213-223.

Idowu, O.O., 2017. Green tea extract and reproduction. 
J. med. Res., 6: 1-5. https://doi.org/10.18685/
EJMR(6)1_EJMR-17-011

Ijaz, A., Hussain, A., Aleem, M., Yousaf, M.S. and 
Rehman, H., 2009. Butylated hydroxytoluene 
inclusion in semen extender improves the post-
thawed semen quality of Nili-Ravi buffalo. 
Theriogenology, 71: 1326-1329. https://doi.
org/10.1016/j.theriogenology.2008.12.023

Itach, S.B.S., Finklestein, M., Etkovitz, N. and 
Breitbart, H., 2001. Hyper-activated motility in 
sperm capacitation is mediated by phospholipase 
D-dependent actin polymerization. Develop. 
Biol., 362: 154-161. https://doi.org/10.1016/j.
ydbio.2011.12.002

Jae, H., Sung, H.L., Sung, J.R., Ho, S.Y., Ji, H.S., Jin, 
H.L., Myeong, J.S., Kyeong, W.K., Kyeong, H.H., 
Yong, J.K., Kang, H.K., Seon, J.K., Tai, S.S., 
Myung, J.O., Suk-Jung, O., Hyo, J.S. and Jong, 
D.K., 2009. Characterization of angiogenesis 
inhibitor effect of green tea seed extract. Anim. 
Cells Syst., 13: 133-139.

Janice, L., Bilodeau, J. and Cormier, N., 2000. Semen 
cryopreservation in domestic animals: A damaging 
and capacitation phenomenon. J. Androl., 21: 1-7.

Jeyendran, R.S., Van der Ven, H.H., Perez-Pelaez, 
M., Crabo, B.G. and Zaneveld, L.J.D., 1984. 
Development of an assay to assess the functional 
integrity of human sperm membrane and its 
relationship to other characteristics. J. Reprod. 
Fert., 70: 219-228. https://doi.org/10.1530/
jrf.0.0700219

Jiřina, K. and Anton, K., 2013. Effect of green tea 
extract on motility parameters of rabbit sperm. J. 
Microbiol. Biotech. Fd. Sci., 2: 1-13.

Kakar, S.S. and Anand, S.R., 1981. Changes in 
adenosine 5-triphosphate, adenylate energy charge 
and adenosine 3 5-cyclic monophosphate during 
the freezing of buffalo semen. J. Reprod. Fertil., 

62: 543-548. https://doi.org/10.1530/jrf.0.0620543
Khan, H., Khan, M., Qureshi, M.S., Ahmad, S., Gohar, 

A., Ullah, H., Ullah, F., Hussain, H., Khatri, P., 
Shah, S.S.A., Rehman, H. and Khan, A., 2017. 
Effect of green tea extract (Camellia sinensis) on 
fertility indicators of post-thawed bull spermatozoa. 
Pakistan J. Zool., 49: 1243-1249. https://doi.
org/10.17582/journal.pjz/2017.49.4.1243.1249

Khan, M.I.R. and Ijaz, A., 2007. Assessing undiluted, 
diluted and frozen-thawed Nili-Ravi buffalo bull 
sperm by using standard semen assays. Ital. J. 
Anim. Sci., 6: 784-787. https://doi.org/10.4081/
ijas.2007.s2.784

Kheirandish, R., Shahrzad, A., Jalil, A. and Anis, A.R., 
2017. Green tea protects testes against atrazine-
induced toxicity in rat. Int. J. Toxicol., 4: 27-31. 
https://doi.org/10.29252/arakmu.11.4.27

Kitaji, H., Ookutsu, S., Sato, M. and Miyoshi, K., 2015. 
Preincubation with green tea polyphenol extract 
is beneficial for attenuating sperm injury caused by 
freezing-thawing in swine. Anim. Sci. J., 86: 922-
928. https://doi.org/10.1111/asj.12379

Kodama, D.H., Goncalves, A.E., Lajolo, F.M. and 
Genovese, M.I., 2010. Flavonoids, total phenolics 
and antioxidant capacity: Comparison between 
commercial green tea preparations. Ciênc. Tecnol. 
Aliment Campinas, 30: 1077-1082. https://doi.
org/10.1590/S0101-20612010000400037

Lombardo, F., Fiducia, M., Lunghi, R., Marchetti, L., 
Palumbo, A., Rizzo, F., Koverech, A., Lenzi, A. and 
Gandini, L., 2012. Effects of a dietary supplement 
on chronic pelvic pain syndrome (Category 
IIIA), leucocytospermia and semen parameters. 
Andrologia, 44: 672-678. https://doi.org/10.1111/
j.1439-0272.2011.01248.x

Longobardi, V., Zullo, G., Salzano, A., de Canditiis, C. 
and Cammarano, A., 2017. Resveratrol prevents 
capacitation-like changes and improves in vitro 
fertilizing capability of buffalo frozen-thawed 
sperm. Theriogenology, 88: 1-8. https://doi.
org/10.1016/j.theriogenology.2016.09.046

Love, C.C., 2011. Relationship between sperm 
motility, morphology and the fertility of stallions. 
Theriogenology, 76: 547-557. https://doi.
org/10.1016/j.theriogenology.2011.03.007

Mandal, R., Badyakar, D. and Chakrabarty, J., 2014. 
Role of membrane lipid fatty acids in sperm 
cryopreservation. Adv. Androl., 2014: Article ID 
190542. https://doi.org/10.1155/2014/190542

Mehdipour, M., Daghigh-Kia, H., Najafi, A., Vaseghi-
Dodaran, H. and García-Álvarez, O., 2016. Effect 
of green tea (Camellia sinensis) extract and pre-
freezing equilibration time on the post-thawing 

https://doi.org/10.1016/j.repbio.2016.11.001
https://doi.org/10.18685/EJMR(6)1_EJMR-17-011
https://doi.org/10.18685/EJMR(6)1_EJMR-17-011
https://doi.org/10.1016/j.theriogenology.2008.12.023
https://doi.org/10.1016/j.theriogenology.2008.12.023
https://doi.org/10.1016/j.ydbio.2011.12.002
https://doi.org/10.1016/j.ydbio.2011.12.002
https://doi.org/10.1530/jrf.0.0700219
https://doi.org/10.1530/jrf.0.0700219
https://doi.org/10.1530/jrf.0.0620543
https://doi.org/10.17582/journal.pjz/2017.49.4.1243.1249
https://doi.org/10.17582/journal.pjz/2017.49.4.1243.1249
https://doi.org/10.4081/ijas.2007.s2.784
https://doi.org/10.4081/ijas.2007.s2.784
https://doi.org/10.29252/arakmu.11.4.27
https://doi.org/10.1111/asj.12379
https://doi.org/10.1590/S0101-20612010000400037
https://doi.org/10.1590/S0101-20612010000400037
https://doi.org/10.1111/j.1439-0272.2011.01248.x
https://doi.org/10.1111/j.1439-0272.2011.01248.x
https://doi.org/10.1016/j.theriogenology.2016.09.046
https://doi.org/10.1016/j.theriogenology.2016.09.046
https://doi.org/10.1016/j.theriogenology.2011.03.007
https://doi.org/10.1016/j.theriogenology.2011.03.007
https://doi.org/10.1155/2014/190542


655                                                                                        

 

Green Tea and Buffalo Bull Semen Characteristics 655

quality of ram semen cryopreserved in a soybean 
lecithin-based extender. Cryobiology, 73: 297-303. 
https://doi.org/10.1016/j.cryobiol.2016.10.008

Moretti, E., Mazzi, L., Terzuoli, G., Bonechi, C. 
and Iacoponi, F., 2012. Effect of quercetin, 
rutin, naringenin and epicatechin on lipid 
peroxidation induced in human sperm. Reprod. 
Toxicol., 34: 651-657. https://doi.org/10.1016/j.
reprotox.2012.10.002

Mortimer, S.T., 1997. A critical review of the 
physiological importance and analysis of sperm 
movement in mammals. Hum. Reprod. Update, 3: 
403-409. https://doi.org/10.1093/humupd/3.5.403

Mosbah, R., Haroun, N., Boulakoud, M.S. and Yousef, 
M.I., 2011. Haematological and reproductive 
toxicity of nicotine and protective role of green tea 
extract in male rats. Endocr. Abst., 26: P45.

Niki, E., Yoshida, Y., Saito, Y. and Noguchi, N., 2005. 
Lipid peroxidation: mechanisms, inhibition, 
and biological effects. Biochem. Biophys. Res. 
Commun., 338: 668-676. https://doi.org/10.1016/j.
bbrc.2005.08.072

Ozmen, B., Koutlaki, N., Youssry, M., Diedrich, K. 
and Al-Hasani, S., 2007. DNA damage of human 
spermatozoa in assisted reproduction: Origins, 
diagnosis, impacts and safety. Reprod. Biomed., 
14: 384-395. https://doi.org/10.1016/S1472-
6483(10)60883-8

Park, S.H. and Yu, I.J., 2015. Evaluation of toxicity of 
green tea extract in chilled boar spermatozoa. J. 
Embry. Trans., 30: 1-6. https://doi.org/10.12750/
JET.2015.30.1.1

Park., S.H. and Yu, I.J., 2016. Effects of green tea 
extract on sperm quality, reactive oxygen species 
and lipid peroxidation in long-term liquid 
preservation of boar spermatozoa. Korean J. clin. 
Vet. Med., 33: 356-361. https://doi.org/10.17555/
jvc.2016.12.33.6.356

Park, S.H. and Yu, I.J., 2017. Effect of antioxidant 
supplementation in freezing extender on porcine 
sperm viability, motility and reactive oxygen 
species. J. Anim. Reprod. Biotechnol., 32: 9-15. 
https://doi.org/10.12750/JET.2017.32.1.9

Perumalla, A.V.S. and Hettiarachchy, N.S., 2011. Green 
tea and grape seed extracts: Potential applications 
in food safety and quality. Fd. Res. Int., 44: 827-
839. https://doi.org/10.1016/j.foodres.2011.01.022

Rasul, Z., Ahmad, N. and Anzar, M., 2001. Changes in 
motion characteristics, plasma membrane integrity, 
and acrosome morphology during cryopreservation 
of buffalo spermatozoa. J. Androl., 22: 278-283.

Rodríguez-Martínez, H., 2003. Laboratory semen 
assessment and prediction of fertility: Still utopia. 

Reprod. Domest. Anim., 38: 312-318. https://doi.
org/10.1046/j.1439-0531.2003.00436.x

Saacke, R.G. and White, J.M., 1972. Semen quality 
tests and their relationship to fertility. Proceedings 
of the 4th NAAB Technical Conference on 
Artificial Insemination and Reproduction. National 
Association of Animal Breeders, Madison, WI, pp. 
22-27.

Schroeder, P., Klotz, L.O. and Sies, H., 2003. 
Amphiphilic properties of (-)- epicatechin and 
their significance for protection of cells against 
peroxynitrite. Biochem. biophys. Res. Commun., 
307: 69-73. https://doi.org/10.1016/S0006-
291X(03)01132-X

Seddiki, Y. and Moreira da Silva, F., 2017. Antioxidant 
properties of polyphenols and their potential 
use in improvement of male fertility. Biomed J. 
Sci. Tech. Res., 1: 1-7. https://doi.org/10.26717/
BJSTR.2017.01.000259

Sharifzadeh, M., Ranjbar, A., Hosseini, A. and Khanavi, 
M., 2017. The effect of green tea extract on oxidative 
stress and spatial learning in Streptozotocin-
diabetic rats. Iranian J. pharmaceut. Res., 16: 201-
209.

Sheteifa, M.A.M. and Morsy, W.A., 2014. Effect 
of green tea as dietary supplements (Camellia 
sinensis) on semen quality and testosterone profile 
in rabbits. J. Anim. Poult. Prod., Mansoura Univ., 
5: 1-13.

Thasleema, S.A., 2013. Green tea as an antioxidant- a 
short review. J. Pharm. Sci. Res., 5: 171-173.

Tuli, R.K., Singh, M. and Matharoo, J.S., 1981. Effect 
of different equilibration times and extenders on 
deep freezing of buffalo semen. Theriogenology, 
16: 99-104. https://doi.org/10.1016/0093-
691X(81)90118-7

Watson, P.F., 1995. Recent developments and concepts 
in the cryopreservation of spermatozoa and 
the assessment of their post-thawing function. 
Reprod. Fertil. Develop., 7: 871-891. https://doi.
org/10.1071/RD9950871

Watson, P.F., 2000. The causes of reduced fertility 
with cryopreserved semen. Anim. Reprod. Sci., 
60: 481-492. https://doi.org/10.1016/S0378-
4320(00)00099-3

Wittayarat, M., Ito, A., Kimura, T., Namula, Z., Luu, 
V.V., Do, L.T.K., Sato, Y., Taniguchi, M. and Otoi, 
T., 2013. Effects of green tea polyphenol on the 
quality of canine semen after long-term storage 
at 5°C. Reprod. Biol., 13: 251-254. https://doi.
org/10.1016/j.repbio.2013.07.006

Wu, X., Beecher, G.R., Holden, J.M., Haytowitz, D.B. 
and Prior, R.L., 2004. Lipophilic and hydrophilic 

https://doi.org/10.1016/j.cryobiol.2016.10.008
https://doi.org/10.1016/j.reprotox.2012.10.002
https://doi.org/10.1016/j.reprotox.2012.10.002
https://doi.org/10.1093/humupd/3.5.403
https://doi.org/10.1016/j.bbrc.2005.08.072
https://doi.org/10.1016/j.bbrc.2005.08.072
https://doi.org/10.1016/S1472-6483(10)60883-8
https://doi.org/10.1016/S1472-6483(10)60883-8
https://doi.org/10.12750/JET.2015.30.1.1
https://doi.org/10.12750/JET.2015.30.1.1
https://doi.org/10.17555/jvc.2016.12.33.6.356
https://doi.org/10.17555/jvc.2016.12.33.6.356
https://doi.org/10.12750/JET.2017.32.1.9
https://doi.org/10.1016/j.foodres.2011.01.022
https://doi.org/10.1046/j.1439-0531.2003.00436.x
https://doi.org/10.1046/j.1439-0531.2003.00436.x
https://doi.org/10.1016/S0006-291X(03)01132-X
https://doi.org/10.1016/S0006-291X(03)01132-X
https://doi.org/10.26717/BJSTR.2017.01.000259
https://doi.org/10.26717/BJSTR.2017.01.000259
https://doi.org/10.1016/0093-691X(81)90118-7
https://doi.org/10.1016/0093-691X(81)90118-7
https://doi.org/10.1071/RD9950871
https://doi.org/10.1071/RD9950871
https://doi.org/10.1016/S0378-4320(00)00099-3
https://doi.org/10.1016/S0378-4320(00)00099-3
https://doi.org/10.1016/j.repbio.2013.07.006
https://doi.org/10.1016/j.repbio.2013.07.006


656                                                                                        

 

N.B.S. Khattak et al.

antioxidant capacity of common foods in the U.S. 
J. Agric. Fd. Chem., 52: 4026-4037. https://doi.
org/10.1021/jf049696w

Yassa, H.A., George, S.M., Refaiy-Ael, R. and Moneim, 

E.M., 2014. Camellia sinensis (green tea) extract 
attenuate acrylamide induced testicular damage 
in albino rats. Environ. Toxicol., 29: 1155-1161. 
https://doi.org/10.1002/tox.21846

https://doi.org/10.1021/jf049696w
https://doi.org/10.1021/jf049696w
https://doi.org/10.1002/tox.21846

