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Abstract

Background: Poultry semen cryopreservation remains an easy and promising way of preserving and transferring
poultry germplasm. Standardizing and optimizing freezing procedure with natural extender may be a reliable step
towards achieving better post-thawed sperm quality. This study was conducted to investigate the effects of four
different freezing protocols (FP) on frozen rooster semen extended with tris coconut water extender (TCWE). A total of
20 roosters were used and trained for semen collection. TCWE was prepared by adding coconut water to tris buffer
and kept at 37 °C. Semen was collected and pooled from the roosters and was evaluated for motility before dilution
procedure. Three different concentrations (8, 10, and 15%) of two intracellular cryoprotectants glycerol and
dimethylsulfoxide (DMSO) were supplemented in TCWE. Pooled semen was divided into six equal fractions, and TCWE
containing cryoprotectants in different concentrations were diluted with the semen in ratio 1:2 (semen:extender).
Diluted semen was manually filled in 0.25ml straws and sealed. Semen straws were equilibrated for 4 h at 4 °C. Each
straw fraction was further divided into four parts, and subjected to four FP (slow freezing 1, 2, 3 and fast freezing 4).
Each FP was done on samples containing 8, 10, and 15% glycerol and 8, 10, and 15% DMSO. After each protocol,
semen straws were finally deep into liquid nitrogen – 196 °C. After 48 h, the straws were thawed individually to
evaluate post/thawed motility, viability, and membrane integrity. The experiment consists of three trials.

Results: At 8% glycerol concentration, FP1 has significantly (P > 0.05) the highest percentage motility (73.33%)
compared to FPs 2, 3, and 4 (56.68, 50.00, and 23.33% respectively). At 10% glycerol, FP2 had the highest motility
(48.33%) and HOST (64.00%). At 15% glycerol, FP4 (fast freezing) had the highest percentage motility (71.67%), viability
(76.33%), and HOST (71.67%). At 8%, DMSO concentrations FP4 had the highest significant (P > 0.05) motility, viability,
and HOST. Ten percent and 15% DMSO revealed no significant (P > 0.05) difference in most parameters among all the
FPS. DMSO performed better than glycerol irrespective of concentrations in all FPS on most parameters evaluated.
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Conclusions: Fast freezing performed better with 15% concentration of glycerol, while slow and fast freezing
performed better with 10% and 15% DMSO concentrations, which implies that DMSO may serve as better
cryoprotectant for poultry semen freezing irrespective of freezing protocols adopted.
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Background
Conservation of endangered and economically important
species remains a paramount approach for poultry genetic
improvement and diversity. Cryopreservation of sperm
cells and male gonads seems to be a more promising cry-
conservation approach for effective preservation of germ-
plasm. The automated semen cryopreservation system has
been used for several animal species, including vertebrates
(Leite et al. 2010, Abud et al. 2014) and invertebrates
(Vuthiphandchai et al. 2007, Bambozzi et al. 2014, Castelo
Branco et al. 2014).
The cooling rate is suspected to be the major factor

for the reduced survival in conventional cryopreservation
methods in poultry species. The freezing tolerance of
poultry spermatozoa is the lowest among animal species,
due to their characteristic structure of sperm membrane
(Blesbois et al. 2005).
However, one of the most critical steps in the cryo-

preservation of avian semen is to choose the cryoprotect-
ant and its use during the process (Tselutin et al., 1999).
Moreover, variety of semen cryopreservation protocols
involving different cryoprotective agents (CPAs), pack-
aging methods, and freezing and thawing rates have been
developed, firstly in the chicken and then in other domes-
ticated birds, such as turkey, duck, and goose (Donoghue
and Wishart, 2000; Blesbois, 2007, 2011).
In addition, various approaches have been made for

avian semen cryopreservation such as vitrification in pellet
form, rotation method, or slow, programmable freezing
and fast freezing. However, adapting this various methods
with natural formulated diluents is far-fetched. Semen ex-
tenders and holding temperature have been documented
to play a significant role in maintaining rooster sperm mo-
tility (Dumpala et al. 2006). However, different methods of
freezing such as using cryoprotectants like glycerol, N,N-
dimethyl acetamide (DMA), and DMSO, slow and rapid
freezing-thawing procedures, pellets, vials, and straw pack-
aging have been studied the last few decades (Blesbios
2007, 2011). Interestingly, coconut water has been tested
and proved to maintain the fundamental properties of the
natural seminal fluid, showing stability and longevity
(important features for industry), replacing chemical and
expensive products (Moreira-neto et al. 2009, Purdy et al.
2009; Soares & Guerra 2009, Bongalhardo, 2013).
Coconut water, the liquid endosperm obtained from

immature coconuts, in its natural form is a refreshing

and nutritious beverage, widely consumed around the world
due to its beneficial health properties (Pummer et al. 2001).
Moreover, coconut water plays an important alternative role
for oral rehydration and even for intravenous hydration of
patients in remote regions (Campbell-Falck et al. 2000) and
to protect against induction of myocardial infarction
(Anurag and Rajamohan 2003). Coconut water is sterile and
slightly acidic natural solution composed of proteins, salts,
sugars, vitamins, neutral fats, besides cell division inducers,
and various electrolytes, which confer density and pH com-
patible with blood plasma, providing nutrients needed to
maintain the survival and viability of male and female
gametes preserved (Rondon et al. 2008, Lavor & Câmara
2012). This experiment therefore aimed to test the efficacy
and compatibility of different concentrations of glycerol and
DMSO supplemented in tris coconut water extender with
four different freezing protocols.

Materials and methods
Experimental site and animal management
The experiment was carried out at the poultry breeding
farm and Semen Freezing Laboratory, Directorate of
Livestock, Guru Angad Dev Veterinary and Animal
Science University, Ludhiana, Punjab, India. Feeding and
management of the roosters was done according to
recommended management practice of breeder birds.

Diluent preparation
Fresh coconut fruits were purchased from the market,
they were punctured, and water was collected from them
into a beaker. The water was decanted, filtered, and col-
lected in a bottle. Tris buffer of 7.2 pH was prepared;
coconut water and tris were added 1:1(v/v). The diluent
was divided into six fractions containing two different
cryoprotectants (glycerol and DMSO) at different inclu-
sion rate of 8%, 10%, and 15% .vis; 8% glycerol, 10%
glycerol, 15% glycerol, 8% DMSO, 10% DMSO, and 15%
DMSO.

Rooster training for semen collection
Fifteen roosters of 35 weeks of age were selected for the ex-
periment out of twenty roosters after semen quality screen-
ing. Semen samples were collected by combined modified
mid back stroke and abdominal massage (Balogun et al.
2015). The roosters were trained for semen collection for 2
weeks; after training period, semen samples were collected
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weekly for processing and cryopreservation procedures for
3 weeks.

Semen preparation, dilution, and cryopreservation
Pooled semen was evaluated for mass activity and individ-
ual progressive motility. Then divided into six fractions
and diluted with the extenders containing glycerol and
DMSO in different concentrations (8%, 10%, and 15%).
Diluted semen was loaded into 0.25mL straws with the
aid of automatic filling and sealing machine. The semen
straws were equilibrated for the duration of 4 h at 5 °C in
chilling cabinet. Diluted semen were subjected to four
different freezing protocols (Table 1). For freezing proto-
cols 1 to 3, a bio-freezer was used while freezing protocol
4 was accomplished using liquid nitrogen in the vapor
phase. Subsequently, the straws were and finally stored at
– 196 °C until sperm characteristic evaluation. The experi-
ment consists of three different trials in a complete
randomized design. Flow chart of the semen freezing
procedure is presented in Fig. 1.

Post-thawed semen evaluation
Straws were thawed at 5 °C, and semen was evaluated
for motility, viability, and membrane integrity with the
aid of microscope.

Sperm motility
A drop of diluted semen was placed on a pre-warmed
slide, covered with a cover slip and observed under a
light binocular microscope at × 400 magnification. A
total of 200 spermatozoa were assessed in different
microscopic fields for sperm motility using attached
CCTV system and percentage of motile spermatozoa
calculated.

Sperm viability
Sperm viability was assessed by eosin-nigrosine (Blom
1977) staining. Eosin-nigrosin was prepared by mixing

1.67 g of eosin and 10 g of nigrosin in 100 mL of citrate
buffer. Briefly, a thin smear mixture of semen and eosin
and nigrosin solution was drawn across the slide and
dried. Sperm viability was examined under (× 1000 mag-
nification) using bright field microscope. Stained/par-
tially stained and unstained sperms were considered as
dead and live, respectively. In both cases, about 200 live
(white head), partially dead (light pink head), and dead
(dark pink head) spermatozoa were counted in different
microscopic fields. The percent viability was calculated
by using the formula:

Sperm viability %ð Þ ¼ No:of live sperm
Total sperm

� 100

Plasma membrane integrity
Sperm plasma membrane integrity was evaluated as
described by Jeyendran et al. (1984). Functional integ-
rity of sperm membrane was evaluated by hypo-
osmotic swelling test. The hypo-osmotic solution (50
mOsm/L) was prepared by dissolving 4.9 g of sodium
citrate and 8.77 g of fructose in 1 L of double distilled
water (DDW). In brief, 100 μL of semen was mixed
with 1.0 mL of hypo-osmotic solution and incubated
at 37 °C for 1 h. Simultaneously, 100 μL of semen was
incubated in 1.0 mL of phosphate buffer saline (con-
trol) under similar conditions. A 10 μL of incubated
semen (HOST or control) was placed on separate
glass slides and covered with a cover slip. The semen
was observed under bright field microscope (× 10, ×
40 magnification). About 200 spermatozoa were
counted separately in control and hypo-osmotic solu-
tion in different microscopic fields for their swelling
(coiled tail) which indicate intact plasma membrane.
The number of coiled tail spermatozoa in control was
deducted from that in hypo-osmotic solution, and the
resultant figure was taken as the HOS-reactive sperm.

Table 1 Freezing protocols

Protocols Freezing protocol 1 Freezing protocol 2 Freezing protocol 3 Freezing protocol 4

Cryo-vials type 0.25 mL straws 0.25 mL straws 0.25 mL straws 0.25 mL straws

Diluents Tris coconut water Tris coconut water Tris coconut water Tris coconut water

Cryoprotectant type Glycerol and DMSO Glycerol and DMSO Glycerol and DMSO Glycerol and DMSO

Cryoprotectant
concentrations

8, 10, or 15% 8, 10, or 15% 8, 10, or 15% 8, 10, or 15%

Dilution rate 1:2 1:2 1:2 1:2

Equilibration time 4 h at 5 °C 4 h at 5 °C 4 h at 5 °C 4 h at 5 °C

Freezing rate − 3 °C/min until − 50 °C,
− 50 °C/min to − 130 °C,
finally− 196 °C

4 °C/min until − 50 °C,
cool from − 50 to − 150 °C
at a rate of 50 °C/min,
finally − 196 °C

l °C/min, to − 20 °C − 20
to − 80 °C at a rate of
20 °C/min, finally – 196 °C

Vapor freezing at – 50 °C
for 12 min, then immersed
directly into liquid nitrogen
at − 196 °C
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Statistical analysis
Observations were subjected to statistical analysis using
ANOVA; means were separated with Duncan multiple
range test.

Results
Effects of freezing protocols using different glycerol
concentrations
Effects of freezing protocols (FP) on frozen-thawed rooster
semen cryopreserved with tris coconut water extender
(TCWE) containing different concentrations of glycerol are
presented in Table 2. The glycerol at 8% concentration in
TCWE used for freezing revealed that FP1 had significantly
(P < 0.05) the highest post-thawed motility (73.33%) when
compared to FPs 2, 3, and 4 (56.68, 50.00, and 23.33%,

respectively). No significant difference (P > 0.05) was ob-
served in viability and membrane integrity among the FPs 1
to 4. Ten percent glycerol concentration in TCWE revealed
no significant difference (P > 0.05) among the FPs except
for motility that was significantly higher (P < 0.05) in FP2
(48.33%) compared to FP3 (40.00%) and FP4 (36.67%). At
15% glycerol concentration in TCWE, the FP4 showed
significantly the highest (P < 0.05) post-thawed motility
(71.67) when compared to other freezing protocols FP1,
FP2, and FP3 (26.67%, 38.33%, and 33.33%, respectively).
Moreover, viability and membrane integrity were also
higher (P < 0.05) in FP4 (76.33% and 71.67% respectively)
when compared with FP3 but were not significantly differ-
ent from FP1 (65.00% and 63.67%, respectively) and FP2
(51.33% and 60.00%, respectively).

Fig. 1 Flow chart for rooster semen different freezing protocols for cryopreservation
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Effects of freezing protocols using different DMSO
concentrations
Effects of freezing protocols (FP) containing different con-
centrations of DMSO are presented in Table 2. The
DMSO at 8% concentration in TCWE revealed that FP4
showed significantly the highest (P < 0.05) post-thawed
motility (50.00%) when compared with FP1 and FP2. FP4
also showed higher viability (82.00%) when compared to
other groups and higher membrane integrity (76.33%)
when compared with FP1and FP3. At 10% and 15%
DMSO concentration in TCWE, no significant difference
(P > 0.05) was observed among the FPs. However, FP4
had the highest motility, viability, and membrane integrity
values at 10% DMSO concentration while FP3 also had
the highest viability and membrane integrity values at 15%
DMSO concentration.

Effects cryoprotectant concentration on freezing
protocols
With respect to cryoprotectant concentration regardless
of the cryoprotectant type (Figs. 2, 3, and 4), our results
revealed that the cryoprotectant at 15% concentration
using FP4 (fast freezing) had above 70.00% post-thawed
motility, while up to 10% concentration is desirable for
slow freezing protocols 1, 2, and 3 as they increase in

percentage post-thawed motility from above 30.00% in
8% concentration to above 50.00% in 10% concentration
(Fig. 2). Viability percentage increases with cryoprotect-
ant concentration in different FPs except for slightly
dropped in viability observed in FP2 and FP3 at 15%
concentration (Fig. 3). Membrane integrity increases with
cryoprotectant concentration in FP4 but slightly dropped
at 15% concentration in FP1, FP2, and FP3 (Fig. 4).

Discussion
A successful cryopreservation is affected by optimization
of all steps during the process including semen collection
and dilution, equilibration with a suitable cryoprotectant,
freezing in liquid nitrogen vapor, storage in liquid nitro-
gen, and thawing before insemination (Sood et al. 2012).
Determining and identifying efficient freezing protocols
with respect to the type and concentration of appropriate
cryoprotectants may be proactive measures towards
successful cryopreservation of poultry semen and ditto
germplasm conservation. Freezing protocol 1 and FP2
(slow freezing) having better post-thawed sperm param-
eter performance most especially in motility and viability
with 8% glycerol initial concentration is an indication that
glycerol at reduced concentration is more compatible with
slow freezing for cryopreservation of poultry semen. Our

Table 2 Effects of freezing protocols on frozen thawed rooster semen cryopreserved with coconut water extender containing
different concentrations of glycerol and DMSO

Freezing Protocols

Cryoprotectants Concentrations Parameters FP1 FP2 FP3 FP4 SEM

Glycerol (8%) Motility (%) 73.33a 56.68b 50.00b 23.33c 5.57

Viability (%) 68.33ab 72.00a 67.67ab 56.33b 2.49

Host (%) 67.67 67.67 59.33 59.33 2.84

(10%) Motility (%) 43.33ab 48.33a 40.00b 36.67b 1.56

Viability (%) 68.33 71.67 63.67 74.38 1.79

Host (%) 56.67 64.00 58.00 62.67 2.25

(15%) Motility (%) 26.67c 38.33b 33.33bc 71.67a 5.31

Viability (%) 65.00ab 63.67ab 58.00b 76.33a 2.66

Host (%) 51.33ab 60.00ab 50.67b 71.67a 3.63

DMSO (8%) Motility (%) 26.67c 35.00bc 40.00ab 50.00a 2.98

Viability (%) 64.67b 65.67b 54.67b 82.00a 3.49

Host (%) 57.67bc 64.33ab 45.00c 76.33a 3.99

(10%) Motility (%) 71.67b 75.00ab 76.67a 78.33a 0.97

Viability (%) 76.33b 82.00ab 80.67ab 83.67a 1.19

Host (%) 77.33 81.67 77.33 84.33 1.51

(15%) Motility (%) 70.00 70.00 71.33 71.67 0.65

Viability (%) 77.33b 84.33ab 88.00a 81.67ab 1.66

Host (%) 75.00b 81.33ab 83.33a 79.33ab 1.37

Superscripts indicate significant difference at 5% level within the columns (a–c)
SEM standard error of mean for freezing protocols
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result is in agreement with the work of Reda et al. (2017)
who concluded that CW-enriched media with 4% glycerol
addition (CWCG-4) is safe to be used as an extender in
bull semen preservation because it is a sterile liquid, so it
can be used without addition of antibiotics to the
extender, as antibodies have to some extent hazardous
effect on spermatozoa.
Higher concentration of cryoprotectants (10 and 15%

v/v) that shows no much differences except in motility
at 15% concentration revealed that at higher concentra-
tion of cryoprotectant sperm cells becomes more
tolerant irrespective of freezing protocols adopted for

cryopreservation procedures. Since motility is one of the
many important attributes of a fertile spermatozoon, our
result is therefore in agreement with Peña Martinez
(2004) who reported that 7–8% glycerol may deem to be
sufficient for poultry semen freezing. Moreover, the
concentration of glycerol to be used depends upon the
semen diluent. The higher the percentage of egg yolk in
a diluent, the higher the amount of glycerol to be added
(Maule 1962). Reda et al. (2017) reported that CW
extender with glycerol 4%, 6%, and 8% improved sperm
membrane integrity (HOST %) of cooled semen, and the
superior result was obtained in CW with 4% glycerol.

Fig. 3 Effect of different freezing protocols on viability of post-thawed rooster semen on varying concentrations of cryoprotectants

Fig. 2 Effect of different freezing protocols on motility of post thawed rooster semen on different concentrations of cryoprotectants
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Glycerol penetrates the sperm cell and dehydrates the
cell partially, thereby reducing the risk of water
crystallization (Bearden et al. 2004). Silva et al. (2015)
and Cardoso et al. (2006) also concluded that CW
containing glycerol is recommended to achieve satisfac-
tory post-freezing quality of boar semen.
The better performance of DMSO in all freezing

protocols and mostly with fast freezing revealed the
tolerance of DMSO with different freezing procedures
and so deemed to be a better cryoprotectant compared
to glycerol in poultry semen cryopreservation. However,
DMSO was observed to have best performance with FP4
(fast freezing) regardless of the DMSO concentrations.
Furthermore, fast freezing protocol was observed to be
appropriate for freezing of rooster semen, most espe-
cially with high concentration of cryoprotectants as there
is no much difference between it and slow freezing.
Besides, it is easy to carry-out with less costly equip-
ments and technical knowhow.
Our observation is in accordance with Mazur et al.

(1972) and Medeiros et al. (2002) who reported that cell
freezing should take place as quickly as possible to avoid
the effects of cryoprotectants but also slowly enough for
cells to dehydrate. Costa et al. (2017) also reported a
comparison of the cooling rates between the conven-
tional and automated systems showing that the auto-
mated system (0.5 °Cmin−1) might have cooled too
slowly, thus leaving the cryoprotectant solution in
contact with the semen for too long before freezing,
which was lethal to sperm. However, according to
Santos (2000), if freezing is slow, damage is primarily

caused by excessive dehydration or extensive ice forma-
tion outside the cells. In these cases, membrane rupture,
solutes concentrations in the cytoplasm reaching toxic
levels, and nucleic acid and membrane denaturation
might occur.
In addition, higher concentration of cryoprotectant re-

gardless of the type also revealed a higher cryoprotectant
dependable better activity performance of sperm cells
with respect to post-thawed semen quality; this was evi-
dent in 10% and 15% v/v. This implies that increasing
cryoprotectant concentration is favorable for most freez-
ing protocols in this study up to 15%. Benson et al.
(2012) emphasized that an important factor to be
considered is the high concentration of cryoprotectants
because it has been shown to be cytotoxic. However,
toxicity of cryoprotectants deemed that toxicity of
cryoprotectants is permeability and molecular weight
dependent.

Conclusion
Fast freezing performed better with 15% concentration
of glycerol, and slow freezing performed better with 8%
glycerol, while slow and fast freezing performed better
with 10% and 15% DMSO concentrations, which implies
that DMSO may serve as better cryoprotectant for
poultry semen freezing irrespective of freezing protocols
adopted, although each procedure has its own inherent
peculiar variabilities, such as type of diluent, dilution
rate, cooling rate, nature and concentrations of cryopro-
tectant, freezing protocols, choice of packaging (semen
straws or pellets) and thawing procedure.

Fig. 4 Effect of different freezing protocols on hypo-osmotic swelling test of post thawed rooster semen on varying concentrations of cryoprotectants
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