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Abstract
The objective of this study was to evaluate the effect of Tris-extender supplemented with a combination of turmeric and ethylene
glycol on buffalo bull semen preservability and in vivo fertility. Five tubes (each contain 5 ml Tris-citric acid-fructose yolk,
TCFY). The first tube contains turmeric extract and ethylene glycol and kept as a control. The other four tubes contain 1.5%
ethylene glycol plus turmeric extract as follows: 100 μl/5 ml, 200 μl/5 ml, 300 μl/5 ml, and 400 μl/5 ml v/v). Pooled bull semen
was added to the Tris extender and to Tris turmeric ethylene glycol. Extended semen was subjected to semen freezing protocol.
Semen assessment was carried out. In Tris turmeric ethylene glycol post-cooling, sperm motility and alive sperms were signif-
icantly higher in the first concentration of Tris turmeric ethylene glycol (TTE1), sperm abnormalities were significantly lower in
TTE1 and TTE2, and sperm membrane integrity (HOST) was significantly higher in TTE1 and acrosome percent was signifi-
cantly higher in TTE1, TTE2, and TTE4 if compared to the control. Post-thawing, spermmotility was significantly higher in TTE1

as compared to the control and other concentrations of TE. All concentrations of TEwere significantly higher in spermmembrane
integrity (HOST) as relative to the control. Alive sperms were kept in TTE1 as the control. Acrosome percent was kept in most
concentrations as the control. It is concluded that, in cooled and post-thawed semen, the first concentration (TTE1) gave the best
sperm quality and conception rate.
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Introduction

Artificial insemination (AI) is considered the main tool for
dissemination of the supergenetic characters to improve the
genetic constitution of the livestock (Vishwanath and
Shannon 2000; Kubkomawa et al. 2018).

Cryopreservation causes damage of about 50% of the
stored spermatozoa (Watson 2000) mainly due to the intracel-
lular ice crystallization during freezing (Watson 2000; Akhter
et al. 2008). The freeze-thaw process results in structural and
functional damages caused by overaccumulation of reactive

oxygen species (ROS) (Guthrie and Welch 2006). The sper-
matozoa membrane is susceptible to lipid peroxidation due to
its polyunsaturated fatty acid content which leads to oxidative
damage with subsequent reduced motility, viability, and DNA
integrity (Nair et al. 2006; Andrabi 2009). So the composition
of the extender is of a great importance to minimize such
damage (Curry et al. 1994; Andrabi 2009). The extenders used
for semen preservation of domestic species must have ade-
quate pH and buffering capacity, suitable osmolality, and
should protect sperm cells from cryogenic injury (Salamon
and Maxwell 2000; Barbas and Mascarenhas 2009).
Ethylene glycol has fewer hazardous effect on viability, mo-
tility, and acrosome status if compared to glycerol (Ball and
Vo 2001).

Improvement of semen cryopreservation of the buffalo
bulls is a great objective; this could be achieved through sup-
plementation of the extended semen with antioxidants. Plant
extracts are considered a major category to fulfill this purpose.
Turmeric extract contain curcumin which is a main ingredient
acting as antioxidant in semen extenders (Petruska et al.
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2014). Curcumin is the principal of curcuminoid of turmeric
(Curcuma longa), a member of ginger family. Curcuminoids
are natural phenols responsible for turmeric yellow color
(Nelson et al. 2017). Turmeric extract contain curcumin with
other curcuminoids and essential oils which were found to be
bioactive (Kulkarni et al. 2012).

Turmeric is a useful plant. Curcumin is a phytochemical
having antioxidant and anti-inflammatory effect and is ex-
tracted from the rhizome of turmeric longa. Curcumin is dem-
onstrated to have a protective effect for spermatozoa in vitro
depending on its concentration where low concentrations im-
proved sperm motility while high concentrations decreased
sperm motility (Głombik et al. 2014). Curcumin is a polyphe-
nolic insoluble in water that scavenges free radicals (Sharma
1976) through decreasing generation of reactive oxygen spe-
cies (ROS), as H2O2 and nitrite. Addition of curcumin to fresh
bull semen significantly increased sperm output after thawing
(Bucak et al. 2011). Administration of curcumin to male ro-
dents improved testicular function and fertility (Sahoo et al.
2008; Mathuria and Verma 2008). So, the objective of this
study was to evaluate the effect of Tris-extender supplemented
with a combination of turmeric and ethylene glycol on buffalo
bull semen preservability and in vivo fertility.

Material and methods

Preparation of different semen extenders

Tris base extender: Tris-citric acid-fructose diluent (TCF) with
20% whole egg yolk was prepared (de Paz et al. 2010). TCF
ingredients are 3.029 g Tris, 1.679 g citric acid monohydrate,
1.259 g fructose, and glycerol 6.4% in 100 ml distilled H2O.

Preparation of turmeric extract: 4 g turmeric powder +
60 ml ethanol in a test tube. 4 g turmeric powder + 60 ml
distilled water in another tube. Using stirrer for mixing in each
tube, filtration. The filtrate is left at 40 °C for 24 h till evapo-
ration. The residues in both tubes were mixed together and
dissolved in 2 ml Tris and kept as a stock solution from which
the different concentrations were made.

Turmeric ethylene glycol enriched extender [TEEE]: five
tubes (each contain 5 ml TCFY). The first tube contains tur-
meric extract and ethylene glycol and kept as a control. The
other four tubes contain 1.5% ethylene glycol plus turmeric
extract (from the stock solution) as follows: 100 μl/5 ml, 200
μl/5 ml, 300 μl/5 ml, and 400 μl/5 ml v/v.

Semen collection and initial evaluation

Semen from five mature buffalo bulls kept at Semen Freezing
Center, General Organization for Veterinary Services
Ministry of Agriculture, Abbasia, Egypt, were used.
Ejaculates were collected using artificial vagina at weekly

intervals for 18 weeks. Semen samples were initially evaluat-
ed for subjective sperm motility and sperm concentration.
Ejaculates fulfilling minimum sperm motility (70%) and nor-
mal spermmorphology were pooled in order to have sufficient
semen for a replicate and to exclude the bull effect. Semenwas
hold for 10 min at 37 °C in the water bath before dilution.

Semen processing

Semen samples were diluted with TCFY extender and used as
control and other aliquots of pooled semen samples were di-
luted with TCFY extenders containing the different concen-
trations of turmeric extract to reach concentration of 60 mil-
lion sperm/ml. Extended semen was cooled slowly (approxi-
mately for 2 h) to 5 °C and equilibrated for 2 h. Semen was
packed into 0.25-ml polyvinyl French straws. After this peri-
od, the straws were placed horizontally on a rack and frozen in
vapor 4 cm above liquid nitrogen for 10 min and were then
plunged in liquid nitrogen.

Evaluation of semen quality parameters

The assessment was implemented post-cooling and on freeze-
thawed bull spermatozoa. Frozen straws were thawed at 37
°C/1min. The parameters studied were subjective semen char-
acteristics (motility, alive, abnormality, hypoosmotic swelling
test (HOST), and acrosome status) (Table 1).

Sperm motility

Sperm motility was assessed (Graham et al. 1970).

Sperm membrane integrity

Plasma membrane integrity of buffalo bull spermatozoa was
assessed using the hypo-osmotic swelling test (HOST)
(Jeyendran et al. 1984; Ahmad et al. 2003).

Percentage of live sperm and normal acrosome

The dual staining procedure with trypan blue-Giemsa stain
was performed (Salisbury et al. 1978).

Sperm morphology

Abnormal sperm percent was examined in eosin nigrosine
stained semen smears (Gormier et al. 1997).

Statistical analysis

Data were analyzed using the SPSS (2005) computerized pro-
gram v. 14.0 to calculate the analysis of variance (ANOVA)
for the different parameters between control and additive
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replications. Significant difference between means was calcu-
lated using Duncan test at P < 0.05.

In vivo fertility rate (CR)

Number of buffalo females (n = 320) were inseminated with the
TTE post-thawed semen and with the post-thawed semen ex-
tended in TCFY (control group) (Table 2). Pregnancy was re-
corded by rectal palpation after 2months from insemination. The
inseminated cows were used via the cooperation in Beni-Suef
Governorate. CR was computed according to the equation:

CR ¼ no:of conceived buffaloes

total no:of inseminated buffaloes
� 100

Results

In Tris turmeric ethylene glycol post-cooling, sperm motility
and alive sperms were significantly higher in TTE1, sperm
abnormalities were significantly (P < 0.000) lower in TTE1

and TTE2, and sperm membrane integrity (HOST) was signif-
icantly (P < .007) higher in TTE1 and acrosome percent was
significantly (P < .009) higher in TTE1, TTE2, and TTE4 if

compared to the control. Post-thawing, sperm motility was
significantly (P < 0.000) higher in TTE1 as compared to the
control and other concentrations of TE. All concentrations of
TE were significantly (P < .004) higher in sperm membrane
integrity (HOST) as relative to the control. Alive sperms were
kept in TTE1 as the control. Acrosome percent was kept in
most concentrations as the control. The conception rate was
the best in TTE1 (Table 3).

Discussion

Several factors have been reported to influence the
cryosurvival of spermatozoa including osmotic stress, ice
crystal formation, toxicity of the cryoprotectants, and the in-
dividual variability (Neild et al. 2003; Ferrusola et al. 2009).
Among various causes, oxidative stress has been reported to
affect the fertility and physiology of frozen/thawed spermato-
zoa (Agarwal et al. 2008; O’Flaherty 2014; Smith et al. 2006).
Oxidative stress occurs as a consequence of imbalance be-
tween the levels of reactive oxygen species (ROS) production
and the antioxidant capacity of the cell (Halliwell 2006).
Excessive amounts of ROS are harmful to the sperm cells
(Halliwell and Gutteridge 2007); low level of these molecules
are required to induce sperm capacitation in human, a process

Table 1 Effect of Tris extender enriched with combination of turmeric ethylene glycol on post-cooling buffalo semen quality (mean ± SE)

Diluent Motility Alive Abnormalities HOST Acrosome

TTE1 96.66 ± 1.66c 91.00 ± 1.00c 7.00 ± .57a 87.98 ± 1.05a 85.33 ± .33b

TTE2 90.00 ± .00ab 86.00 ± 1.00b 7.33 ± .33a 80.54 ± 3.28b 80.66 ± .66a

TTE3 88.33 ± 1.66a 81.33 ± 1.33a 11.33 ± .33b 84.31 ± .94b 82.66 ± 1.45ab

TTE4 88.33 ± 4.40a 81.33 ± 1.33a 11.33 ± .33b 62.65 ± 7.57b 84.33 ± .66b

Control 88.33 ± 1.66a 85.66 ± 1.20b 18.33 ± 1.66c 80.73 ± .76b 80.00 ± .00a

Total 90.33 ± 1.24 85.06 ± 1.05 11.06 ± 1.13 79.24 ± 2.73 82.78 ± .63

P value .125 .001 .000 .007 .009

Means bearing different superscripts between different extenders and differ at 5% and 1% levels of probability

TCFYG control Tris-citrate-fructose-egg yolk-glycerol, TTE1 Tris TE1, TTE2 Tris TE2, TTE3 Tris TE3, TTE4 Tris TE4

Table 2 Effect of Tris extender enriched with combination of turmeric ethylene glycol on the post-thawed extended buffalo bull semen (mean ± SE)

Diluent Motility Alive Abnormalities HOST Acrosome

TTE1 61.66 ± 1.66d 82.33 ± 2.33c 10.33 ± .33b 75.00 ± 1.78b 70.00 ± 2.64c

TTE2 25.00 ± 2.88b 69.00 ± 2.08b 15.00 ± .57c 72.81 ± 1.01b 52.33 ± 2.33a

TTE3 21.66 ± 1.66b 72.00 ± 2.51b 20.33 ± .33e 70.44 ± 3.34b 60.33 ± 3.17ab

TTE4 8.33 ± 1.66a 60.33 ± .33a 17.66 ± .33d 72.62 ± 1.94b 61.00 ± 3.78abc

Control 43.33 ± 3.33c 86.66 ± 3.33c 6.66 ± .33a 48.66 ± 7.51a 76.33 ± 6.83bc

Total 32.00 ± 5.04 74.06 ± 2.67 14.00 ± 1.32 67.91 ± 2.98 64.00 ± 2.70

P value .000 .000 .000 .004 .009

Means bearing different superscripts between different extenders and differ at 5% and 1% levels of probability

TCFYG control Tris-citrate-fructose-egg yolk-glycerol, TTE1 Tris TE1, TTE2 Tris TE2, TTE3 Tris TE3, TTE4 Tris TE4
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that is required for the spermatozoa to acquire their fertilizing
ability (O’Flaherty et al. 2003). Under oxidative stress, sper-
matozoa suffer extensive damage such as peroxidation of
membrane lipids, DNA fragmentation (Barroso et al. 2000),
low mitochondrial membrane activity (Gallon et al. 2006;
Koppers et al. 2008), and inactivation of enzymes associated
with motility (de Lamirande and Gagnon 1992).

A variety of antioxidants are represented in the spermato-
zoa and seminal plasma as represented by antioxidant en-
zymes (SOD, CAT, and GSH). Their antioxidant capacity is
insufficient and gradually declines on extending the freezing
process, so antioxidant supplements should be added to the
semen extender (Bilodeau et al. 2001).

Recently, there is a great worldwide interest with the ben-
eficial synergistic effects of natural supplements and their
multiple ingredients as compared to the single active fractions
(Seeram et al. 2004). Semen freezing causes damage to sper-
matozoa leading to reduction in semen quality (Watson 2000),
but it is essential to conserve the supergenetic characters of our
local breeds of buffalo. Semen freezing is associated with
cryodamage caused by overproduction of oxygen free radicals
(Agarwal et al. 2005), so the natural additive to the extender
ameliorates the antioxidant effect and consequently improving
the fertilizing capacity of frozen spermatozoa (Gadea et al.
2007). The results of the current study, in Tris turmeric ethyl-
ene glycol post-cooling, sperm motility, alive sperms, and
sperm membrane integrity (HOST), were significantly higher
in TTE1. Sperm abnormalities were significantly lower in
TTE1 and TTE2. Acrosome percent was significantly higher
in TTE1, TTE2, and TTE4 if compared to the control. Post-
thawing, sperm motility was significantly higher in TTE1 as
compared to the control and other concentrations of TE. All
concentrations of TE were significantly higher in sperm mem-
brane integrity (HOST) as relative to the control. Alive sperms
were kept in TTE1 as the control. Acrosome percent was kept
in most concentrations as the control. The conception rate was
the best in TTE1 and this coincides with the best sperm mo-
tility at this concentration. These results come in accordance
with Bucak et al. (2011) in bovine semen and with those of
Mahmoud et al. (2013) who showed that motility may be an
applicant indicator for semen characteristics, adding that sig-
nificant correlations were found between motility and both

sperm abnormalities and membrane integrity. Ramos and
Wetzels (2001) reported that motility may be a related to
DNA status of the sperm cells. Vale (1997) recorded a preg-
nancy rate over than 50% as a good consequence after AI with
post-thawed frozen semen in buffalo. Al Naib et al. (2011)
categorized bulls with pregnancy rate of about 50% to be
highly fertility, and the sperm of high-fertility bulls is highly
efficient in penetrating artificial mucus and to have high po-
tentiality to fertilize oocyte in vitro. Curcumin is the major
extract of turmeric; it is a lipophilic polyphenol insoluble in
water and scavenge free radicals, significantly inhibiting the
generation of ROS (Petruska et al. 2014). Curcumin signifi-
cantly increase the sperm content of GSH, thus improving the
antioxidant capacity of the semen extender (Bucak et al.
2011). Curcumin shows antioxidant activity through binding
with egg and soy phosphatidyl choline which in turn binds
divalent metal ions and has antibacterial and antiviral effects
(Bhowmik et al. 2009). The antioxidant effect of curcumin is
referred to its unique conjugated structure which includes two
methoxylated phenols and an enol form of b-diketone; this
structure revealed ideal free radical trapping ability as a chain
breaking antioxidant (Bagchi 2012). Turmeric contains essen-
tial oils. The polyunsaturated fatty acids in the essential oils
interact with sperm membrane rendering it more stable and
resistant to cold shock during cryopreservation, thus improv-
ing sperm motility, viability, and sperm membrane integrity
(Singh et al. 2012).

Ethylene glycol improved post-thaw sperm characteristics
in bull semen (Guthrie et al. 2002), in ram (Silva et al. 2012),
in stallion (Mantovani et al. 2002; Alvarenga et al. 2000;
Henry et al. 2002), and in buffalo (Swelum et al. 2011).
Ethylene glycol has a lower molecular weight and a lower
toxicity and higher permeability to spermatozoa if compared
to glycerol (Soares et al. 2002; Massip 2001) with reduction of
the sperm osmotic stress during cooling and freezing (Gilmore
et al. 1995).

However, Büyükleblebici et al. (2014) recorded no im-
provement of post-thaw sperm motility in bulls on the use of
ethylene glycol as a cryoprotectant. It could be concluded that,
in cooled and post-thawed semen, the first concentration
(TTE1) gave the best sperm quality and conception rate.
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