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ABSTRACT 
An improvement in avian semen cryopreserva-
tion is essential and has the potential to improve 
the cryo-gene banking efficiency. This study 
compared two cryopreservation methods (slow 
freezing and vitrification) and the effect of dif-
ferent thawing/warming temperatures (5˚C, 25˚C 
and 41˚C) on Venda cockerel’s spermatozoa. 
Semen samples from Venda cockerels were di-
luted with modified Kobidil+ extender supple-
mented with 8% dimethyl sulfoxide. Semen from 
each ejaculate was stained with nigrosin/eosin 
for viability examination. The cryopreserved 
samples were either slow cooled in 0.25 mL 
straw or vitrified in a solid surface vitrification 
(SSV) device. Semen straw or cryovial was 
stored in liquid nitrogen container. The straw or 
cryovial with sperm was thawed or warmed at 
5˚C, 25˚C and 41˚C and analysed by a Computer- 
Aided Sperm Analysis (CASA). There was a sig-
nificant difference in live/normal sperm between 
the semen donors. Cockerels spermatozoa cryo- 
preserved by slow freezing (43%) and thawed at 
5˚C had a significantly higher survival and mo-
tility rate compared to vitrification (2.5%) method. 
In conclusion, there was higher rate of live/ 
normal morphology sperm. Cryopreservation 
process reduces sperm motility and velocity 
rate regardless of cryoprevervation method and 
thawing or warming temperatures. However, 
slow freezing was a better method to maintain 
motility of spermatozoa following cryopreserva-
tion. 
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1. INTRODUCTION 

Improvements in avian semen cryopreservation pro-
tocols and related techniques have the potential to im-
prove the cryo-gene banking efficiency and maintenance 
of biodiversity. Cockerel’s semen cryopreservation tech-
nology is not yet suitable for commercial breeding due to 
lower sperm survival and motility rate [1]. In addition, 
artificial insemination with cryopreserved cockerel’s 
sperm results in 80% loss of the fertility [2]. 

The Venda chicken breed is an important component 
of the unique South African gene pool diversity. It has its 
origins in a former homeland, the Venda region of the 
Limpopo Province in South Africa and is known to sur-
vive under harsh conditions [3]. The establishment of a 
cryo-bank is vital for the future poultry breeding pro-
grams. Moreover, the disappearance of a breed leads to 
the loss of its distinctive adaptive genes [4]. The devel-
opment of a successful cryopreservation protocol for the 
cryopreservation of Venda cockerel’s sperm should con-
tribute significantly to the sustainable management of 
genetic resources and provide alternative preservation 
methods to be used in parallel with in situ conservation. 

Cockerel’s semen is routinely cryopreserved using the 
conventional slow freezing [5] or vapour methods [6]. 
The slow freezing method maintains the viability of cells 
or tissues indefinitely at very low temperatures. The 
temperature of the freezing chamber is reduced in a 
stepwise manner during cryopreservation process [7]. In 
addition, the discovery of a vitrification cryopreservation 
method resulted in a change in the principles of cryobi-
ology. This method has many advantages over the slow 
freezing method, such as a lack of ice crystal formation 
due to an increase speed of temperature conduction 
which provides a significant increase in cooling rate [8]. 
This rapid cooling process bypasses the ice crystalline 
formation phase by converting solutions or water into a 
glass-like amorphous solid [8]. Vitrification also has an 
economic advantage than slow freezing method [9], 
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however its disadvantage is the use of high concentration 
of cryoprotectant that could be toxic to cells [8,10]. 

Glycerol has been routinely used as the major cryo-
protectant for sperm cryopreservation in most animal 
species including cockerels and pigeons [6,11]. However, 
glycerol has a contraceptive effect in poultry [12]. Alter-
native intracellular cryoprotectants tested on avian semen 
were dimethyl acetamide and dimethyl sulfoxide (DMSO) 
as they were alleged to have a lower toxicity [13], but 
penetrate the cell membrane rapidly which may make 
them toxic at high temperature. The DMSO is a standard 
cryoprotectant for poultry sperm cryopreservation and 
gives higher sperm motility recovery rate [2]. It has also 
been proven to be the best cryoprotectant in other avian 
studies with higher fertility and recovery motility [14]. 

There is a lack of data concerning the effect of slow 
freezing and vitrification method on cryopreserving 
Venda cockerel’s semen. The aims of the study were to 
find the suitable cryopreservation method and thawing or 
warming temperatures of Venda cockerel’s spermatozoa. 

2. MATERIALS AND METHODS 

2.1. Study Site, Maintenance of Cockerels 
and Semen Collection 

The study was conducted at the Agricultural Research 
Council by the Germplasm Conservation and Reproduc-
tive Biotechnologies laboratory. All chemicals were ana-
lytical grade. Unless otherwise stated they were pur-
chased from Sigma-Aldrich, Germany. The Kobidil+® 
extender was purchased from the Landata® Company, 
France. Experimental Venda cockerels were cared for 
according to the guidelines of the Care and Use of Ani-
mals Ethics Committee of the Agricultural Research 
Council (Ref: APIEC08/06). Cockerels were vaccinated 
at hatching against Marek’s disease, infectious bronchitis 
and Newcastle Disease with live vaccines. They were 
transferred to individual battery cages in an open-sided 
chicken house at 24 weeks, fed a commercial diet (Epol®) 
including water ad libitum and exposed to a photoperiod 
of 16 hours light. The semen collection study consisted 
of a 21 day adaptation and training period during sum-
mer (January until March 2009). The average body 
weight of the cockerels was 2.4 kg. The method was 
based on that of Burrows and Quinn (1937), using an 
abdominal massage technique for semen collection [15]. 
Ejaculates were collected in a 15 ml tube (Falcon® 
352099, USA) and placed in a thermo flask containing 
water at 41˚C to maintain the temperature. The semen 
was transported to the laboratory within 10 minutes of 
collection. 

2.2. Semen Evaluation and Freezing 

Five microlitres of diluted semen were placed on a 

warm glass slide (76 × 26 × 1 mm) and placed with a 
warmed cover slip (22 × 22 mm) before transferring to a 
microscope warm plate adjusted to 37˚C [16]. The sperm 
motility rate (non progressive, progressive, slow, me-
dium, and rapid) and the velocity on the curve line were 
evaluated and recorded using a Sperm Class Analyzer® 

(SCA-Microptic®, Spain). Semen sample for slow freez-
ing group was diluted with modified Kobidil+ extender 
supplemented with 8% DMSO and equilibrated at 5˚C. It 
was then loaded into 0.25 ml straws and placed in a 
portable programmable freezer (Halikan 88 LX 2002®, 
Taiwan). The initial freezing temperature of 5˚C was 
reduced at a rate of 1˚C per minute until the target tem-
perature of –20˚C was reached and held for 5 minutes. 
The straws were then suspended 4 - 6 cm above liquid 
nitrogen vapour for 5 minutes and then plunged directly 
into an ice box containing liquid nitrogen (–196˚C) for 
an additional 5 minutes. Semen straws were transferred 
into a liquid nitrogen container at –196˚C for storage. 
After three months, the straws were thawed in a refrig-
erator at 5˚C for 5 minutes or at 25˚C for 1 minute or at 
41˚C for 1 minute. 

The precooling procedures were also used for the SSV 
method. Following an equilibration period, 5 µl of di-
luted semen were dropped into a pre-cooled SSV device. 
The drops were loaded into a pre-cooled cryovial (Cryo-
genic vial®, Mexico) with pre-cooled forceps. The cry-
ovials were then removed from the SSV device and 
placed in an aluminium cryo-cane (Jencons-PLS) and 
stored in a liquid nitrogen container. Before warming, the 
SSV device was equilibrated in an ice box filled with 
liquid nitrogen for approximately 15 minutes. Vitrified 
semen drops were warmed at 5˚C for 5 minutes or 25˚C 
for 1 minute or at 41˚C for 1 minute. 

2.3. Statistical Analysis 

Data were analysed using the statistical program Gen-
Stat®. A significance level of 0.05% was used (P < 0.05). 
Analysis of variance (ANOVA) was used to test differ-
ences on cryopreservation methods and thawing or 
warming temperatures on sperm motility and velocity 
rate. Treatment means were separated using the Fishers’ 
protected t-test least significant difference (LSD). The 
data are presented as mean ± SD. 

3. RESULTS 

Sperm viability results are indicated in Table 1. Over 
87% of the sperm viability was alive and normal. Venda 
cockerel 6 (VC6) had a higher sperm viability (94.7%) 
than VC2 (87.7%) and VC4 (89.7%). However, VC6 
(94.7%) sperm viability did not differ with VC5 (94.3%), 
VC1 (91.7%) and VC3 (96.3%). There was a significant 
difference in the live/normal sperm morphology between 
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the semen donors. There was no statistical difference in 
the percentage of head and mid-piece abnormalities of 
the live sperm. 

A comparison of the slow freezing and vitrification on 
the sperm motility rate following thawing or warming is 
indicated in Table 2. The conventional slow freezing 
method resulted in a higher total sperm motility rate 
(43%) compared to the vitrification method (2.5%). All 
cryopreservation methods reduced the sperm motility 
rate compared to the control (91.2%, non-cryopreserved 
sperm) regardless of the thawing or warming tempera-
tures. 

The effect of cryopreservation on the straightness, 
linearity and wobbling velocity of Venda cockerel’s sperm 
is indicated in Table 3. The velocity on the straight line 
(80.7 µm/s), average path (57.3 µm/s), linearity (58.3%), 
straightness (82.8%), wobble (67.0%) and beat cross 

frequency (13.9 Hz) were not significantly affected by 
the conventional slow freezing method. The sperm ve-
locity on the straight line (102.6 µm/s), average path 
(81.9 µm/s), linearity (64.7%), straightness (80.5%), 
wobble (71.7%) and beat cross frequency (12.8 Hz) for 
vitrification method were not significantly different 
compared to slow freezing method (P > 0.05). 

Venda cockerel’s sperm motility and velocity rate were 
affected by all thawing temperatures (5˚C, 25˚C and 
41˚C). The cryopreservation process decreased the sperm 
motility significantly, irrespective of thawing conditions 
(Table 4). Thawing cockerel’s sperm at 5˚C (45.5%) 
resulted in higher motility rate in slow freezing method 
compared to thawing at 25˚C (17.6%) and 41˚C (0.7%), 
respectively. Sperm were immotile in the group with no 
cryoprotectant (No CPA) when thawed at both 25˚C and 
41˚C. 

 
Table 1. Venda cockerel’s sperm morphology (mean ± SD). 

Live sperm abnormalities (%) 
Venda cockerels (VC) Live normal (%) Dead (%) 

Head Mid-piece Tail 

VC1 91.7 ± 2.1bc 0.0 ± 0.0b 2.7 ± 3.8 2.0 ± 2.0 3.7 ± 2.9ab 

VC2 87.7 ± 1.5c 2.3 ± 2.1a 1.3 ± 1.5 2.0 ± 1.0 6.7 ± 1.2a 

VC3 96.3 ± 0.6a 0.3 ± 0.6b 1.0 ± 1.7 0.3 ± 0.6 2.0 ± 1.7b 

VC4 89.7 ± 4.5c 0.7 ± 1.1ab 4.0 ± 1.0 2.7 ± 3.1 3.0 ± 2.0b 

VC5 94.3 ± 2.1ab 0.7 ± 1.1ab 3.3 ± 2.3 0.7 ± 0.7 1.0 ± 1.0b 

VC6 94.7 ± 2.9ab 0.7 ± 1.2ab 2.0 ± 1.0 0.0 ± 0.0 2.7 ± 1.5b 

Average 92.4 0.8 2.4 1.3 3.2 

a,b,cValues with different superscript within a column are significantly different (P < 0.05). 

 
Table 2. The effect of cryopreservation method on Venda cockerel’s sperm motility rate after thawed/warmed at 5˚C (mean ± SD). 

Treatment TM (%) PM (%) NPM (%) SLW (%) MED (%) RAP (%) 

Fresh semen 91.2 ± 7.4a 58.6 ± 20.7a 32.6 ± 15.2a 18.8 ± 16.4a 14.5 ± 7.2a 57.9 ± 21.6a 

Slow freezing 43.0 ± 7.9b 21.6 ± 9.7b 21.4 ± 8.1b 12.6 ± 8.0a 16.3 ± 4.9a 14.1 ± 9.0b 

Vitrification 2.5 ± 0.9c 2.3 ± 1.2c 0.2 ± 0.7c 0.0 ± 0.0b 0.8 ± 1.1b 1.7 ± 1.1c 

a,b,cValues with different superscripts within the column are statistically different (P < 0.05). 

 
Table 3. Effect of cryopreservation method on Venda cockerel’s sperm velocity rate after thawed/warmed at 5˚C (mean ± SD). 

Treatment 
VCL 

(µm/sec) 
VSL 

(µm/sec) 
VAP 

(µm/sec) 
LIN 
(%) 

STR 
(%) 

WOB 
(%) 

ALH 
(µm) 

BCF 
(Hz) 

Fresh semen 124.1 ± 39.9a 81.3 ± 37.7 93.7 ± 40.0 63.1 ± 12.6 85.5 ± 5.7 73.5 ± 10.7 3.0 ± 0.3a 16.0 ± 1.5 

Slow freezing 80.7 ± 23.7ab 48.1 ± 18.1 57.3 ± 19.7 58.3 ± 9.2 82.8 ± 5.7 67.0 ± 6.8 2.3 ± 0.3b 13.9 ± 4.6 

Vitrification 102.6 ± 43.5b 75.3 ± 41.9 81.9 ± 41.6 64.7 ± 29.9 80.5 ± 29.1 71.7 ± 28.3 2.0 ± 1.1b 12.8 ± 9.0 

a,bValues with different superscripts within the column differs statistical (P < 0.05). 
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Venda cockerels sperm motility rate were affected by 

all three warming temperatures (Table 5). Warming at 
5˚C, 25˚C and 41˚C resulted in a motility rate of 2.1%, 
1.2% and 0.0%, respectively in 8% DMSO compared to 
1.4%, 0.0% and 0.0% in No CPA. The No CPA group 
resulted in immotile sperm when thawed at both 25˚C 
and 41˚C. 

4. DISCUSSION 

Cryopreservation of Venda cockerel’s sperm with slow 
freezing method and thawing at 5˚C resulted in a higher 
motility rate. However, the cryopreservation process was 
found to reduce the sperm viability and velocity rate re-
gardless of thawing or warming temperatures. The gene 
pool of the Venda chicken with its adaptive traits con-
tributes to the rich biodiversity of South Africa. Ni-
grosin/eosin was used to stain sperm of Venda cockerels 
for viability analysis. This is a double stain based on the 
degree of permeability of dead sperm membranes and 

 non-permeability in live sperm membranes [17]. Most 
of the ejaculates with live and normal sperm were greater 
than 91% in the Venda cockerels. There were individual 
variations in the proportion of their live and normal 
sperm morphology. Tseluten, Seigneurin and Blesbois 
[18] reported a 92% - 94% normal morphology in com-
mercial breed. However, a lower percentage (87.0% - 
89.1%) was reported by Ansah, Segura and Buckland 
[19]. These results are similar to the findings of the pre-
sent study. Gendy, Gad and Mostageer [20] recorded a 
percentage of live sperm of 94.8% and morphologically 
abnormal sperm of 3.4% in broiler males. This was 
comparable to the results of the present study. Rwuaan et 
al. [21] recorded sperm abnormalities of 3.3%. Tuncer, 
Kinet and Ozxdogan [22] reported a higher proportion of 
dead cells (6.32%) and 19.74% sperm with morphologi-
cal abnormalities. Variations the live, normal sperm of 
avian species may be also influenced by the breed. The 
results from this study indicated a variation between in-
dividual Venda cockerels. 

 
Table 4. The effect of the slow freezing method and thawing temperatures on Venda cockerel’s sperm motility rate (mean ± SD). 

Treatment TM (%) PM (%) NPM (%) SLW (%) MED (%) RAP (%) 
Temperature 

Fresh semen 92.5 ± 7.2a 59.1 ± 19.8a 33.3 ± 14.6a 17.8 ± 15.1a 14.7 ± 6.6b 59.9 ± 21.5a 

8% DMSO 45.5 ± 8.0b 22.8 ± 9.0b 22.7 ± 8.6b 13.7 ± 7.7a 17.4 ± 4.6a 14.3 ± 7.8b 
5˚C 

No CPA 3.8 ± 5.4d 1.2 ± 1.7d 2.6 ± 4.3cd 2.3 ± 3.8bc 1.1 ± 1.7d 0.4 ± 0.6c 

8% DMSO 17.6 ± 8.0c 10.5 ± 5.6c 7.1 ± 3.7c 4.9 ± 3.9b 6.9 ± 4.4c 5.2 ± 2.9c 
25˚C 

No CPA 0.0 ± 0.0e 0.0 ± 0.0d 0.0 ± 0.0d 0.0 ± 0.0c 0.0 ± 0.0d 0.0 ± 0.0c 

8% DMSO 0.7 ± 1.1de 0.42 ± 1.0d 0.3 ± 0.7d 0.3 ± 0.7bc 0.0 ± 0.0d 0.4 ± 1.0c 
41˚C 

No CPA 0.0 ± 0.0e 0.0 ± 0.0d 0.0 ± 0.0d 0.0 ± 0.0c 0.0 ± 0.0d 0.0 ± 0.0c 

a,b,c,dValues with different superscripts within the column differs statistical (P < 0.05). 

 
Table 5. The effect of vitrification and warming temperatures on Venda cockerel’s sperm motility rate (mean ± SD). 

Treatment TM (%) PM (%) NPM (%) SLW (%) MED (%) RAP (%) 
Temperature 

Fresh semen 81.8 ± 30.0a 43.7 ± 18.2a 38.1 ± 15.8a 20.0 ± 10.9a 19.2 ± 10.5a 42.6 ± 19.9a 

8% DMSO 2.1 ± 1.2b 1.8 ± 1.3b 0.4 ± 1.1b 0.1 ± 0.3b 0.7 ± 1.0b 1.4 ± 1.1b 
5˚C 

No CPA 1.4 ± 1.2b 0.9 ± 0.8b 0.5 ± 0.7b 0.4 ± 0.7b 0.6 ± 0.7b 0.4 ± 0.8b 

8% DMSO 1.2 ± 0.9b 0.6 ± 0.8b 0.6 ± 0.9b 0.6 ± 0.9b 0.4 ± 0.6b 0.3 ± 0.6b 
25˚C 

No CPA 0.0 ± 0.0b 0.0 ± 0.0b 0.0 ± 0.0b 0.0 ± 0.0b 0.0 ± 0.0b 0.0 ± 0.0b 

8% DMSO 0.0 ± 0.0b 0.0 ± 0.0b 0.0 ± 0.0b 0.0 ± 0.0b 0.0 ± 0.0b 0.0 ± 0.0b 
41˚C 

No CPA 0.0 ± 0.0b 0.0 ± 0.0b 0.0 ± 0.0b 0.0 ± 0.0b 0.0 ± 0.0b 0.0 ± 0.0b 

a,bValues with different superscripts within the column differ statistical (P < 0.05). 
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There is lack of available information related to the 

cryopreservation of Venda cockerel’s sperm and this is 
the first attempt to characterise Venda cockerels sperm 
motility rate analysed by the SCA® system following 
cryopreservation. Slow cooling of sperm was a better 
cryopreservation method compared to vitrification 
method. Good quality sperm has been reported to be 
more likely to withstand the cryopreservation and thaw-
ing process [23]. The CASA provides an objective means 
of establishing sperm motility and velocity rate in a 
given population [24]. Lower values for sperm velocity 
on the straight line (33.65 µm/s), average path (47.98 
µm/s), linearity (32.94%) and straightness (67.66%) of 
thawed semen from cockerels have been reported [24]. 
Computer-aided sperm motility analysis parameters have 
been suggested as predictors of sperm cryosurvival in 
cockerels. Lower values compromised the ability of 
thawed sperm from each line to hydrolyze the inner 
perivitelline membrane and are perhaps the most signifi-
cant assessment of fertilizing ability [24]. These results 
were not comparable to the present findings in Venda 
cockerels. This might be due to the type of chicken breed 
and the type of extender used. Previously reported values 
of thawed sperm velocity on the average path of 55.7 
µm/s, straight line 41.2 µm/s, straightness 68.7% and 
linearity 42.0% on rooster sperm were slightly lower 
compared to the present study [24]. There was a signifi-
cant difference in sperm velocity on the curve line be-
tween fresh and vitrified sperm. Cryopreserved sperm in 
slow freezing and thawing at 5˚C resulted in a higher 
motility rate compared to vitrification method. In a pre-
vious report that used a subjective method to evaluate the 
post-thaw sperm motility rate, duck sperm thawed at 
20˚C and 40˚C had a post-thaw motility rate of 29% and 
62%, respectively [25] which is in contrast to the present 
study. The results of the Venda cockerels suggest that the 
thawing temperature influences the post-thaw motility 
rate and that the species used as a semen donor plays a 
critical role. Furthermore, the presence of cryoprotectant 
in cryopreservation solutions plays a major role. Higher 
sperm motility (44.4%) was reported when human semen 
was vitrified [26], which is in contrast to this study. 

It has been reported that the critical steps in the suc-
cessful cryopreservation of fowl sperm depends on the 
choice of cryoprotectant [27], extender, cooling rate and 
thawing conditions [28]. Sperm membrane damages or 
death during the cryopreservation process is related to 
the formation of large amounts of ice crystal [29]. In the 
present study the motility rate of vitrified sperm was 
dramatically affected by the size of vitrification droplets 
which affected the shape and size of the sperm head, one 
of the factors that has been reported to define cryosensi-
tivity. Less cytoplasmic volume and therefore, less effi-
cient to move cryoprotectant inside the sperm head may 

be a further reason that avian sperm do not survive the 
cryopreservation process well [2]. In addition, compared 
to mammals, avian sperm possess unique physiological 
features which make their viability being compromised 
under cryopreservation conditions [2]. 

A post-thaw sperm motility of 45%, 47% and 40% on 
Ovambo, Potchefstroom Koekoek and White Leghorn 
breeds respectively have been recorded [30]. Although 
these results are comparable to the present study, a sub-
jective method was used to evaluate the post-thaw sperm 
motility rate. The sperm motility rate was also reported 
to decrease during freezing and thawing in other avian 
species such as vultures and pheasants [31,32]. During 
slow cooling, fast cooling and thawing of cockerel’s 
sperm, the cells undergo chemical and physical changes. 
Each of these steps has the potential to damage the func-
tionality of the sperm membrane. In addition, each step 
adversely affects the sperm motility rate during the 
thawing or warming process. Poorly motile sperm, such 
as those categorised as slow and medium, are less likely 
to progress and bind the ova for fertilization. Freezing 
and thawing has been reported to decrease sperm motil-
ity rate, and membrane alternations definitely affect 
sperm fertility [33]. Cryopreservation therefore reduces 
sperm lifespan and limits their progression within the 
female reproductive organ [34]. Furthermore, cryopre-
servation has been reported to vary among species and 
individual ejaculates in the same animal or breed [35,36]. 
Thus suitable cryopreservation methods should be de-
veloped to facilitate the storage of cockerel’s sperm in 
liquid nitrogen (–196˚C) for long periods without loss of 
motility rate and viability. 

In conclusion, cryopreserving Venda cockerel’s sperm 
in slow freezing method and thawing at 5˚C resulted in a 
higher motility rate. However, the cryopreservation 
process reduced the sperm motility and velocity rate re-
gardless of thawing or warming temperatures. Further 
studies are required to conduct artificial insemination for 
quantification of the better sperm fertility obtained fol-
lowing slow freezing method. 
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