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ABSTRACT
This study was undertaken on three mature bulls each of Gir cattle and Surti buffalo breeds to evaluate the comparative
efficacy of egg yolk based standard TFYG (Tris-citrate-fructose-yolk-glycerol) extender and egg yolk free soybean based
commercial extenders Optixcell® (IMV, France) and Andromed® (Minitube, Germany) under split-sample technique. The
ejaculates (9/bull) were extended @ 100×106 sperm ml-1 with three extenders and frozen using biofreezer following 4 hr of
equilibration. The pooled means of progressively motile sperm observed (irrespective of extenders) at initial, pre-freeze
and post-thaw stage in Gir bulls semen were 76.53±0.53, 71.11±0.53 and 39.86±0.90% and in Surti buffalo 80.76±0.39,
74.65±0.45 and 40.35±1.07%, respectively. The corresponding values for live sperm were 75.64±0.76, 69.01±0.97 and
47.99±1.11 % for Gir and 80.90±0.45, 75.76±0.48 and 52.33±0.86 % for Surti buffalo; and those of intact acrosome
94.29±0.25, 90.29±0.27 and 79.29±0.33 % for Gir bulls, and 93.94±0.21, 89.94±0.23 and 78.95±0.26 % for Surti buffalo
semen, respectively. The HOS reactive sperm at initial, pre-freeze and post-thaw stage were 76.18±0.74, 71.04±0.76 and
27.90±0.70 % for Gir, and 81.83±0.35, 76.47±0.39 and 27.83±0.68 % for Surti bulls, respectively. The overall mean post-
thaw incubation (37°C) survival of spermatozoa observed at 60, 120 and 180 min were 28.40±0.91, 17.78±0.86 and
9.44±0.72% for Gir bulls semen, and 28.01±0.99, 18.40±1.01 and 10.51±0.93% for Surti buffalo semen, respectively.
Optixcell was proved superior, and at par with TFYG, than the Andromed in maintaining greater motility, viability,
morphology, acrosomal/plasma membrane integrity including post-thaw sperm longevity of cattle and buffalo spermatozoa
with significant differences only in sperm motility and post-thaw longevity. The motile, live and HOST reactive sperm
were significantly higher in buffalo semen than cattle at initial and pre-freeze stage, but not at post-thaw stage. The results
showed that egg yolk free commercial Optixcell extender and egg yolk based TFYG extender were at par in terms of most
of the sperm quality traits, hence any one of them can be preferred over Andromed for successful routine cryopreservation
of cattle and buffalo semen.
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INTRODUCTION
The two main concerns of bovine production

systems regarding artificial insemination are the control of
pathogens spread by semen contamination, and the total
quality control of the batches produced (Leeuw et al., 2000).
Biological security of semen production is prejudiced by
several factors such as the efficacy of the antibiotics used in
the extenders, the quality control of reagents, hygiene during
semen processing, and the quality of the extenders. Recent
studies are in progress targeting to develop chemically
defined extenders, free from compounds of animal origin.
The semen-extenders generally used comprise of animal
origin egg yolk, skim milk powder, or the combination of
both, as primary source of lipoproteins, essential to
membrane equilibrium during the freeze-thawing process
(Bousseau et al., 1998). Despite the significant benefits of
egg yolk and milk on semen cryopreservation, such

components of animal origin may denote a latent
microbiological threat, compromising the quality and
standardization of cryopreserved semen, and are also
responsible for immuno-infertility issues in inseminated
females. As a consequence, the OIE recommended that
animal origin products used in semen processing should be
free of any biological hazard or processed so as to assure
the safety of such compounds (Jimenez et al., 2004).

Presently an alternative to substitute the
components of animal origin in semen extenders is the soy
lecithin, a natural mixture of phosphatidylcholine and several
fatty acids. Studies targeting to assess the efficacy of soy
lecithin in egg yolk free semen extenders were performed in
bovine (Aires et al. ,  2003; Muino et al.  2007;
Veerabramhaiah et al., 2011; Singh et al., 2013; Beura et
al., 2014; Layek et al., 2016) and bubaline (Akhter et al.,
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2010; Meena et al., 2010; Ansari et al., 2016; Chaudhari et
al., 2015, 2017). However, results obtained using lecithin
as substitute to egg yolk are still a matter of debate (Leite et
al., 2010). Furthermore, due to the reduced technological
inventions on semen cryopreservation over the last few years
(Celeghini et al., 2008; Chaudhari et al., 2015), the tris-egg
yolk-fructose-glycerol extender is still the most frequently
employed semen extender worldwide (Chaudhari et al.,
2015). The aim of this study was therefore to assess the
relative efficacy of egg yolk based and egg yolk free soybean
based commercially available extenders for cryopreservation
of Gir cattle and Surti buffalo bull semen.
MATERIALS AND METHODS

This investigation was carried out during the
favourable breeding season from September to February
(2016-17) on three healthy mature Gir cattle and three Surti
buffalo bulls maintained at Sperm Station of the College in
Anand. The bulls were maintained under identical nutritional
and managerial conditions. The semen was collected twice
a week from all the bulls in the morning between 7.30 and
8.30 hr using artificial vagina. For this study, alternate
ejaculates were used under split-sample technique to evaluate
comparative efficacy of egg yolk based standard TFYG (Tris-
citric acid-fructose-egg yolk-glycerol) extender and soybean
based commercially available extenders Optixcell® (IMV,
France) and Andromed® (Minitube, Germany) through
various morphological and functional attributes of
spermatozoa. The ejaculates (9/bull, total 54) with >70 %
initial motility were divided in to three equal aliquots, and
extended at the concentration of 100×106 spermatozoa ml-1

at 34°C with three different extenders. The TFYG extender
was prepared fresh daily using hen’s egg, while commercial
egg yolk free extenders were diluted with Mili-Q water @
1:2 for Optixcell and 1:4 for Andromed as per the instructions
of the manufacturers.

The extended semen samples were soon evaluated
through standard procedures for sperm quality parameters,
viz., motility, viability, morphology (eosin-nigrosin stain),
acrosomal integrity (Watson, 1975) and plasma membrane
integrity (HOST, Jayendran et al., 1984), and were filled in
French mini straws on IS4 system (IMV, France). After
gradual cooling over 60-90 minutes and equilibration for 4
hrs in cold handling cabinet, the straws were frozen in liquid
nitrogen vapour using a programmable bio-freezer (IMV,
France). The straws of all three extenders were also evaluated
at pre-freezing (after equilibration) and after 24 hrs of
freezing (post-freeze stage) for the above five quality
parameters. The straws were thawed in water bath at 37°C
for 30 seconds. For post-thaw incubation test, the contents
of three straws each were transferred to sugar tubes arranged
in steel racks kept in a water bath and sperm progressive
motility/longevity was assessed at 0, 30, 60, 120 and 180
min of incubation at 37 ºC. The data generated were analyzed

statistically using CRD, DMRT and ‘t’ test by employing
IBM software version 20.00 (Snedecor and Cochran, 1994).
RESULTS AND DISCUSSION
Sperm Quality Attributes during Cryopreservation: The
mean percentages of progressively motile, live and abnormal
and HOS reactive sperm and those with intact acrosome
observed at different stages of cryopreservation of Gir cattle
and Surti buffalo bulls semen extended in conventional
TFYG and commercial egg yolk free Optixcell and
Andromed are presented in Tables 1-3. Statistical analysis
revealed that there were significant differences (P < 0.05) in
the levels of these parameters between semen extenders and
between stages of cryopreservation, but no individual bull
variation was seen in any of the two species studied.

The mean percentages of progressively motile
spermatozoa observed, irrespective of dilutors, at initial, pre-
freeze and post-thaw stages in Gir bull semen were
76.53±0.53, 71.11±0.53 and 39.86±0.90, and for Surti
buffalo semen 80.76±0.39, 74.65±0.45 and 40.35±1.07,
respectively. The differences in sperm motility ratings were
significant (P<0.05) between extenders at all three stages,
where Optixcell showed superior results followed by TFYG
and Andromed for cattle semen. Buffalo semen also revealed
significant (P<0.05) variation for this trait at initial and pre-
freeze stage, but had no significant (P>0.05) difference at
post-thaw stage between extenders (Table 1). The pooled
mean percentages of live spermatozoa observed, irrespective
of extenders, at initial, pre-freeze and post-thaw stage in Gir
bull semen were 75.64±0.76, 69.01 ±0.97 and 47.99±1.11,
whereas for Surti buffalo semen the values were 80.90±0.45,
75.76±0.48 and 52.33±0.86, respectively. There were no
significant differences between three extenders at any of the
stages, except at pre-freeze stage in buffalo semen, where
TFYG was found superior (P<0.05) in maintaining greater
viability of sperms compared to soybean based commercial
extenders (Table 1).

The pooled mean percentages of spermatozoa with
intact acrosomes observed, irrespective of dilutors, at initial,
pre-freeze and post-thaw stage were 94.29±0.25, 90.29± 0.27
and 79.29±0.33 for Gir bulls, and 93.94±0.21, 89.94±0.23
and 78.95±0.26 for Surti buffalo semen, respectively. The
corresponding values for sperms with intact plasma
membrane (HOST reactive) were 76.18±0.74, 71.04±0.76
and 27.90±0.70 % for Gir, and 81.83±0.35, 76.47±0.39 and
27.83±0.68 % for Surti bulls, respectively (Table 2). The
overall mean percentages of total sperms abnormalities
recorded, irrespective of extenders, initially on dilution; at
pre-freeze and post-thaw stage were 5.20±0.22, 6.83±0.20
and 11.12±0.21 in Gir bull semen, while 4.76±0.22,
5.91±0.20 and 10.11±0.18 for Surti buffalo semen,
respectively. Statistically, there were no significant
differences between three extenders at any of the stage of
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Table 2: Mean (±SE) percentage of sperms with intact acrosome and intact plasma membrane (HOST reactive) in Gir cattle and Surti
              buffalo bulls’ semen at different stages of cryopreservation in three extenders.
Freezing stage Extender                                  Intact acrosomes (%)                                      HOST (%)

Gir Surti Gir Surti
Initial TFYG 94.50±0.40 94.04±0.36 76.92±1.27 82.25±0.62ab

Optixcell 94.42±0.46 94.00±0.40 76.88±1.28 82.63±0.5b

Andromed 93.96±0.43 93.79±0.36 74.75±1.27 80.63±0.58a

Average 94.29±0.25x 93.94±0.21x 76.18±0.74x 81.83±0.35 x

Pre-freeze TFYG 90.50±0.45 90.04±0.39 71.79±1.44 77.04±0.56
Optixcell 90.42±0.47 90.00±0.40 71.42±1.24 76.92±0.85
Andromed 89.96±0.50 89.79±0.39 69.92±1.26 75.46±0.56
Average 90.29±0.27y 89.94±0.23y 71.04±0.76y 76.47±0.39 y

Post-thaw TFYG 79.50±0.59 79.04±0.44 28.67±1.29 28.04±1.31
Optixcell 79.42±0.54 79.01±0.46 28.63±1.21 29.38±1.27
Andromed 78.96±0.59 78.79±0.46 26.42±1.15 26.08±0.85
Average 79.29±0.33z 78.95±0.26 z 27.90±0.70z 27.83±0.68 z

Means bearing different superscripts between freezing stages (x,y,z) differ significantly (P<0.05), but not between dilutors.

Table 1: Mean (± SE) percentage of progressively motile and live spermatozoa in Gir cattle and Surti buffalo bulls’ semen at different
             stages of cryopreservation in 3 extenders.
Freezing stage Extender                                      Sperm motility (%)                                      Live sperm (%)

Gir Surti Gir Surti
Initial TFYG 75.00±0.95a 80.42±0.73ab 76.50±1.30 81.75±0.70

Optixcell 78.33±0.78b 82.08±0.60b 75.63±1.32 80.79±0.79
Andromed 76.25±0.92ab 79.79±0.64a 74.79±1.38 80.17±0.84
Average 76.53±0.53x 80.76±0.39 x 75.64±0.76x 80.90±0.45 x

Pre-freeze TFYG 69.38±0.92a 74.38±0.81ab 69.92±1.74 77.04±0.63b

Optixcell 73.13±0.73b 76.04±0.74b 69.42±1.61 75.96±0.79ab

Andromed 70.83±0.94ab 73.54±0.71a 67.71±1.72 74.29±0.95a

Average 71.11±0.53y 74.65±0.45y 69.01±0.97y 75.76±0.48 y

Post-thaw TFYG 40.42±1.50ab 39.58±1.85 48.92±1.94 52.38±1.49
Optixcell 42.08±1.62b 42.92±1.80 49.42±1.78 53.46±1.47
Andromed 37.08±1.41a 38.54±1.87 45.63±2.03 51.17±1.51
Average 39.86±0.90z 40.35±1.07z 47.99±1.11z 52.33±0.86 z

Means bearing different superscripts between extenders (a,b,c) at each stage and between stages (x,y,z) differ significantly (P<0.05).

cryopreservation process for total or even segment-wise
sperm abnormalities (Table 3).

The findings regarding the performance of TFYG
extender and Andromed extender were supported by Beran
et al. (2012), who found better post-thaw motility, viability
and post-thaw longevity in semen extended with egg yolk
based extender than Andromed. Our findings are also in
accordance with Kumar et al. (2015) that egg yolk based
extender was more effective at preserving total and
progressive sperm motility and viability than Andromed. The
sperm cryopreserved in egg yolk free soybean based
extenders (Andromed, Biociphos-Plus etc) showed higher
straightness and linearity when compared to the Tris-egg yolk
(TFYG) extender, but a decrease on post-thaw sperm survival
was observed in Andromed cryopreserved samples when
compared to TFYG extender  in some studies (Gil et al.,
2000; Muino et al., 2007). These varying findings could have
been due to differences in extender density, viscosity or even
the presence of large particles in different extenders, as
previously suggested by Celeghini et al. (2008). The results
of the study, however, were contrary to those reported by

Rastegarnia et al. (2013), who found higher post-thaw
motility and viability of buffalo semen in Andromed than in
standard TFYG extender.

In the current study, there were non-significant
differences in values of acrosomal integrity of spermatozoa
among three extenders at any of the stages of
cryopreservation of cattle and buffalo semen, however
significantly (P<0.05) higher plasma membrane integrity was
observed at initial stage in buffalo semen extended in
Optixcell than Andromed, and the TFYG was the
intermediate of the two commercial extenders. Andromed
showed comparatively poor results as compared to Optixcell
and TFYG extenders. Hinsch et al. (1997) and Meena et al.
(2010) did not find significant differences between the
extenders in terms of acrosome status of spermatozoa, which
is in agreement with our observations. Crespilho et al. (2012)
and Chaudhari et al. (2015) also found significantly higher
post-thaw plasma membrane integrity of sperms frozen in
TFYG than Andromed and Bioxcell extenders, respectively.
The results of the study, however, are contrary to those
reported by Singh et al. (2013) and Sharma and Atreja
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(2014), wherein they reported higher plasma membrane
integrity and acrosomal integrity of sperms at post-thaw stage
in egg yolk free soya bean based extender than in standard
TFYG extender.

The benefits of lecithin based bovine semen
extenders over milk and/or egg yolk regarding hygienic issues
are undeniable. According to Bousseau et al. (1998), the
use of lecithin may stop the contamination with bacteria and
mycoplasma. The efficacy of lecithin based extenders is still
a matter of debate. Many previous studies have reported
either comparable or higher sperm motility and plasma
membrane and acrosomal integrity (Thun et al., 2002; Amirat
et al., 2005; Rastegarnia et al., 2013; Singh et al., 2013;
Chaudhari et al., 2015; Kumar et al., 2015; Ansari et al.,
2016, Layek et al., 2016) with similar or even better fertility
rates (Bousseau et al., 1998; Gil et al., 2000; Akhter et al.,
2010; Akhter et al. 2012; Beura et al., 2014) for bovine
semen cryopreserved using lecithin or plant derived soya
bean based commercial extenders, while some studies
showed better efficiency of egg yolk based extenders over
soya lecithin based extenders (Celeghini et al., 2008;
Veerabramhaiah et al., 2011; Crespilho et al., 2012).

While relating TFYG and soya lecithin based
Andromed extenders, Aires et al. (2003) favoured soya
lecithin extender in terms of good quality parameters and
higher conception rate. Similarly Meena et al. (2010)
supported soybean based Biociphos extender than TFYG
because of improved visualization and low bacterial load.
However Thun et al. (2002) documented contradictory
findings and showed better protective capacity of egg yolk
based TFYG extender than soybean based Biociphos-plus
with higher in vivo fertility results as well. Veerabramhaiah
et al. (2011) and Crespilho et al. (2012) demonstrated better
cryoprotective ability of TFYG extender than Biociphos-
plus and Botu-Bov-Soy lecithin extenders. The results of
present study and of many others thus indicate that until
soybean based or other animal protein free extender is
universally proved better and economically viable, we need
to continue using TFYG extender for cryopreservation of
cattle and buffalo semen.
Post-Thaw longevity of spermatozoa:The pooled mean
percentages of motile spermatozoa observed on post-thaw
incubation of semen at 37°C, irrespective of extenders, at 0,
30, 60, 120 and 180 min were 40.31±0.85, 34.51±0.82,
28.40±0.91, 17.78±0.86 and 9.44±0.72 for Gir bull semen,
and 40.45±1.04, 34.87±1.02, 28.01±0.99, 18.40±1.01 and
10.51±0.93 for Surti buffalo semen, respectively. The
incubation survival of sperms was significantly (P<0.05)
better in Optixcell, followed by TFYG and Andromed
extender at all the stages of evaluation particularly at 60,
120 and 180 min of post-thaw incubation in both the species
(Table 4). The results display that all three extenders could
sustained better and tolerable levels of sperm survival at least
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Table 4: Mean (± SE) post-thaw longevity (%) of Gir cattle and Surti buffalo bulls’ spermatozoa at different post-thaw incubation
                  interval at 37°C in three extenders.
Incubation time Extender                                                          Post-thaw sperm longevity (%)

Gir bulls Surti bulls
0 min TFYG 40.37±1.36 40.19±1.77

Optixcell 42.41±1.47 42.69±1.76
Andromed 38.15±1.54 38.46±1.86
Average 40.31±0.85p 40.45±1.04 p

30 min TFYG 34.82±1.37ab 34.42±1.70
Optixcell 36.67±1.41b 37.50±1.74
Andromed 32.04±1.39a 32.69±1.80
Average 34.51±0.82q 34.87±1.02q

60 min TFYG 29.07±1.56ab 27.50±1.60ab

Optixcell 31.11±1.52b 31.15±1.67b

Andromed 25.00±1.46a 25.39±1.73a

Average 28.40±0.91r 28.01±0.99 r

120 min TFYG 18.15±1.26b 16.92±1.50a

Optixcell 21.67±1.13b 22.89±1.69b

Andromed 13.52±1.64a 15.39±1.73a

Average 17.78±0.86s 18.40±1.01s

180 min TFYG 8.70±0.91a 9.04±1.18a

Optixcell 13.52±1.09b 15.19±1.89b

Andromed 6.11±1.32a 7.31±1.31a

Average 9.44±0.72t 10.51±0.93t

Means bearing different superscripts between extenders (a,b,c)  at each stage and between stages/time (p,q,r,s,t) differ significantly
(P<0.05).

for 1 hr after thawing, and only Optixcell up to 2 hrs, therefore
semen frozen in such extenders should be used effectively
in AI within specified time after thawing with better expected
conception rates.

These results on post-thaw longevity of
cryopreserved bovine spermatozoa and the effect of
extenders to some extent accorded well with many previous
reports in cattle (Rana et al., 2003; Beran et al., 2012) and
buffalo (Dhami et al., 1994; Chaudhari et al., 2015) semen.
Muralinath et al. (1990) and Taraphder et al. (2001) observed
good post-thaw incubation (37°C) sperm survival in buffalo
semen in Tris diluent till 3-4 hrs, while Muino et al. (2007)
observed sperm survival up to 9 hrs and concluded that use
of Biladyl results in higher sperm survival and longevity than
the use of Andromed or Biociphos-Plus, which is in
agreement with current findings in terms of trends between
dilutors. Beran et al. (2012) in HF bull observed post-thaw
motility up to 2-hr and found better result in ionized egg
yolk based than soybean based Andromed and Bioxcell.
Chaudhari et al. (2015) in Surti bulls found acceptable post-
thaw longevity up to 1-hr of incubation (37°C) and revealed
that soybean based Optixcell was superior over TFYG and
soybean based Bioxcell. However, the current findings are
on the contrary to those reported by Asr et al. (2011) and
Rastegarnia et al. (2013) in buffalo bulls stating higher post-

thaw motility and viability of semen till 6 and 4 hrs of
incubation in Bioxcell and Andromed than in standard TFYG
extender, respectively. These variations in post-thaw
longevity of bull spermatozoa in different extenders and
different studies may be attributed to breeds, age and
nutritional status of bulls, initial and post-thaw quality of
semen, season, climate, extender-additives used, freezing-
thawing protocols and even post-thaw incubation conditions
employed in their studies.

In general, except motility and post-thaw longevity,
no significant differences were observed between different
extenders in preserving sperm viability, sperm morphology,
and acrosomal and plasma membrane integrity of sperm. We
therefore inferred that egg yolk free commercial Optixcell
extender (with better transparency) and egg yolk based
TFYG extender (cost-wise cheaper) were at par in terms of
most sperm quality parameters evaluated, hence any one of
them can be preferred over Andromed by commercial semen
production stations for successful routine cryopreservation
of cattle and buffalo semen.
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