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ABSTRACT
Shanmugam, M., Kumar, K. Pranay, Mahapatra, R.K. and Laxmi, N. Anand. 2018. Effect of different cryoprotectants on post-thaw semen
parameters and fertility in Nicobari chicken. Indian Journal of Poultry Science, 53(2): 208-211.

Three different cryoprotectants were evaluated for Nicobari chicken semen cryopreservation. Semen mixed with any one of the
cryoprotectants, 12% methylacetamide (MA), 9% dimethylacetamide (DMA) or 4% dimethylsulfoxide (DMSO) was cryopreserved
in 0.5ml French straws by exposing to nitrogen vapours for 30 min followed by plunging into liquid nitrogen. The semen straws were
thawed at 5°C for 100 sec in ice water for in vitro evaluation and insemination. Post-thaw semen samples were assessed for different in
vitro semen parameters and fertility. Post-thaw sperm motility, live sperm, MTT dye reduction test and fertility were significantly
(P<0.05) lower in cryopreservation treatments. The abnormal sperm percent was significantly (P<0.05) higher in all cryopreservation
treatments. The seminal plasma lipid peroxidation was significantly (P<0.05) higher in 9% DMA and 4% DMSO treatments. No fertile
egg was obtained in 12% MA and 9% DMA treatments. In conclusion, the three cryoprotectants at the tested concentrations are not
useful for cryopreserving Nicobari chicken semen.
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INTRODUCTION
Nicobari fowl is an indigenous poultry breed of

Andaman and Nicobar Islands that is widely distributed
in the islands (Kundu et al., 2012). Among the indigenous
chicken breeds of India Nicobari hen produces highest
number of eggs. These birds are well adapted to the
climatic conditions of the islands and are resistant to some
of the diseases of poultry (Ahlawat et al., 2004; De et
al., 2013). Indigenous chicken is a source of protein
and provide income to the rural farmers (Olwande et al.,
2010). In preservation of indigenous chickens ex situ
conservation is an important method where semen
cryopreservation is the only gamete preservation method
available at present. For ex situ management of chicken
genetic diversity and creation of avian cryobank semen
cryopreservation technique was used (Blesbois et al.,
2007). Chicken semen reacts differently during the
freezing process due to their unique physiological
characteristics (Long, 2006). In contrast to other species,
especially cattle, cryoprotectant glycerol has to be
removed before intra vaginal insemination in hen since it
acts a contraceptive (Purdy et al., 2009). Thus other
cryoprotectants such as dimethylacetamide (DMA), N-
methylacetamide (MA) and dimethylsulfoxide (DMSO)
have been used to cryopreserve chicken semen (Tajima
et al., 1990; Tselutin et al., 1999; Sasaki et al., 2010).
The present study was carried out to evaluate different
cryoprotectants for Nicobari rooster semen
cryopreservation.

MATERIALS AND METHODS
The experiment was carried out at ICAR-

Directorate of Poultry Research, Hyderabad, India.
Nicobari birds of 43 weeks age were used in the
experiment. The birds were housed in individual cages
in an open-sided house. The experiment protocol was
approved by the Institutional Animal Ethics Committee.

Semen from adult Nicobari roosters was collected
by abdominal massage technique (Burrows and Quinn,
1937), pooled, transported over ice in a covered thermocol
box to the laboratory for further evaluation and
cryopreservation. In the laboratory a portion of semen
was diluted in Red Fowl Extender (RFE) (Fructose- 1.15
g, Sodium glutamate - 2.1 g, PVP- 0.6 g, Glycine- 0.2 g,
Potassium acetate- 0.5 g in 100 ml distilled water, pH
adjusted to 7; Rakha et al., 2016) and was used for
evaluation of semen quality parameters.

The pooled semen samples were initially evaluated
for sperm concentration. The samples were equilibrated
at 5°C for 30 minutes and were diluted in 1:1 proportion
with RFE containing cryoprotectants such that the final
concentrations of 12% MA, 9% DMA or 4% DMSO
was obtained and the final sperm concentration was
2000x 106/ ml in each treatment. The semen of different
treatments was immediately loaded into 0.5 ml French
straws and sealed with polyvinyl chloride powder. The
filled straws were laid 4.5 cm above the level of liquid
nitrogen (LN2) on a styrofoam raft floating on LN2 in a
thermocol box thereby exposing to nitrogen vapours for
30 min and then the straws were plunged into LN2 and



stored at -196°C. Semen straws were stored for a
minimum of ten days before further evaluation.
Cryopreserved semen after thawing at 5°C for 100 sec
in ice water (Sasaki et al., 2010) was evaluated on seven
different occasions for progressive sperm motility, live
and abnormal sperm, MTT dye reduction test and seminal
plasma lipid peroxidation.

Sperm motility was recorded as percentage of
progressively motile sperm by placing a drop of diluted
semen on a Makler chamber and examining under 20 x
magnification. The percentage of sperm with normal,
vigorous, and forward linear motion was subjectively
assessed and scored. The sperm concentration was
estimated by measuring optical density using colorimeter
(Taneja and Gowe, 1961).

Percent live and abnormal sperm were estimated
by differential staining technique using Eosin-Nigrosin
stain (Campbell et al., 1953). Semen smear was prepared
by mixing one drop of semen with two drops of Eosin-
Nigrosin stain and air dried. Slides were evaluated under
high power (100x) objective lens. All full and partially
pink stained sperm were considered dead and unstained
sperm as live. The percentage of live sperm was
determined by counting at least 200 sperm. The same
slides were used for estimating the abnormal sperm
percent that were showing different morphological
abnormalities.

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT) dye reduction test was carried
out in duplicate samples as described by Hazary et al.
(2001). Optical density of each sample was measured
against blank at 570 nm in a colorimeter (CL 157, Elico
Ltd, Hyderabad, India) and the dye reduction activity of
sperm calculated.

Lipid peroxidation in seminal plasma was measured
by thiobarbituric acid method (Hsieh et al., 2006). The
absorbance was measured against blank at 534 nm using
UV double beam spectrophotometer (Metstar MUV-
61PCS, India).

Fertility trial was conducted by inseminating
Nicobari hens five times at two days interval. Forty-four
hens aged 44 weeks were divided equally into four groups.

The semen straws were thawed at 5°C for 100 sec in
ice water (Sasaki et al., 2010) and inseminated in hens
per vagina with a sperm concentration of 200 million /
0.1 ml. The control group was inseminated with freshly
collected semen (200 million sperm/0.1 ml). Eggs were
collected from second day of first insemination and stored
at 15°C until incubation. The eggs were incubated at
standard conditions and were candled on 18th day of
incubation for embryonic development. Infertile eggs
were broken open to confirm absence of embryonic
development.

Data were analyzed using SAS 9.2 software and
P<0.05 was considered significant. Statistical analyses
of semen parameters, fertility and hatchability were
performed by one-way ANOVA with Tukey’s post hoc
test. Percent value data were arcsine transformed and
analyzed.

RESULTS AND DISCUSSION
The sperm motility, live sperm and MTT dye

reduction test were significantly (P<0.05) lower in frozen-
thawed semen (Table 1). The percentage of abnormal
sperm and seminal plasma lipid peroxidation were
significantly (P<0.05) higher in frozen-thawed semen
treatments. There were no fertile eggs from 12% MA
and 9% DMA treatments and in 4% DMSO treatment
the fertility was very low (1.9%) and were significantly
lower compared to fresh semen.

Semen cryopreservation is an important technique
for the preservation of indigenous breeds of poultry. In
the present study post thaw semen parameters and fertility
were lower in all the three cryoprotectant treatments and
the results are in contrast to earlier reports. Several other
studies have reported moderate to high fertility using MA
as cryoprotectant (Hanzawa et al., 2010; Sasaki et al.,
2010; Choi et al., 2012; Lee et al., 2012; Kim et al.,
2014). It may be noted that the high fertility rates of
more than 70% (Hanzawa et al., 2010; Sasaki et al.,
2010) could not be replicated in other studies using
different breeds of chicken (Lee et al., 2012; Kim et al.,
2014). A moderate fertility of 39.8% using MA (6.5 %)
as single cryoprotectant was obtained by Ehling et al.

Table 1. Effect of different cryoprotectants on post thaw semen parameters and fertility of cryopreserved Nicobari chicken
semen
Parameters Control 12% MA 9% DMA 4% DMSO

(fresh semen)
Progressive sperm motility (%) 80.71±1.70a 18.57±0.92c  22.86±1.01bc  25.71±0.71b

Live sperm (%) 91.64±1.51a 24.43±0.48b  27.85±1.53b  27.21±0.43b

Abnormal sperm (%) 1.8±0.18b 2.5±0.15a  2.43±0.13a  2.5±0.11a

MTT dye reduction test (nM of MTT Formazan/ 97.11±2.22a 54.98±3.97b  44.25±1.76c  36.22±2.15 c

min/million sperm)
Seminal plasma lipid peroxidation (nM MDA/ml) 1.2±0.02b 1.47±0.07ab  1.55±0.10 a  1.52±0.06 a

Fertility (%) 90.4±3.40a 0b  0b  1.9±1.3 b

Values are mean±SE. Figures bearing different superscripts in a row differ significantly (P<0.05).
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(2012). In a separate study different levels of MA was
tested for cryopreserving PD6 line rooster semen and
was found that 12% MA treatment produced a fertility
of 5.38% (Pranay Kumar, 2017).

High levels of fertility were obtained with use of
DMA as cryoprotectant (Tselutin et al., 1999; Chalah et
al., 1999; Woelders et al., 2006; Rakha et al., 2017).
However, other authors have reported lesser fertility with
use of DMA as cryoprotectant (Baguio and Capitan, 2008;
Ehling et al., 2012; Abouelezz et al., 2015). In an earlier
study in our lab semen vitrification using 9% DMA
produced low fertility (Shanmugam and Mahapatra,
2017). In the present study no fertility could be obtained
using DMA as cryoprotectant. The difference in results
may be due to difference in method of cryopreservation,
diluent used and breed of the chicken.

The cryoprotectant DMSO has been reported to
provide higher fertility in chicken (Bakst and Sexton,
1979; Van Voorst and Leenstra, 1995; Pranay Kumar,
2017). However, other studies have reported very low
fertility from semen cryopreserved using DMSO (Tajima
et al., 1990; Baguio and Capitan, 2008). In the present
experiment the DMSO treatment gave very low fertility
which is in contrast to a high fertility obtained in PD-6
line after semen cryopreservation using DMSO (Pranay
Kumar, 2017). This difference may be due to difference
in breed of chicken and semen diluent.

In the process of semen cryopreservation the
sperm survival and fertilizing ability are reduced because
of the effect of freeze-thawing steps on membrane
integrity and other functional parameters (Holt, 2000).
Furthermore, high levels of reactive oxygen species
(ROS) are formed during cryopreservation (Chatterjee
and Gagnon, 2001). The avian sperm membrane is
characterized by high polyunsaturated fatty acids
concentration in comparison to mammalian sperm
(Cerolini et al., 1997) and this feature makes chicken
sperm highly susceptible to deleterious effects of lipid
peroxidation (LPO). Thus in the present experiment there
was higher seminal plasma lipid peroxidation level in the
cryopreservation treatments. The lesser sperm
mitrochondrial activity or sperm viability assessed by
MTT dye reduction test indicated damage to sperm
during cryopreservation steps. This effect was more
pronounced in the DMA and DMSO treatments.

In conclusion, results of the present study indicated
that the three cryoprotectants at the tested concentrations
were not useful for Nicobari semen cryopreservation and
further experiments are needed to develop a
cryopreservation protocol giving higher fertility to
conserve this important indigenous breed of chicken.
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