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The aim of this study was to cryopreserve and evaluate frozen-thawed semen parameters. Electro-
ejaculator was used to collect semen from six bucks. Semen samples were divided into two parts. In 
one part, seminal plasma was removed and was not in the other one. Both semen sample parts were 
extended with egg-yolk Tris extender. Semen was thereafter cryopreserved in straws using liquid 
nitrogen. Data were analysed using Stata

® 
V10 software. South African indigenous goats had total 

sperm cell motility rate of 83.1%, progressive sperm cell motility of 49.3% and non-progressive sperm 
cell motility of 33.9%. Moreover, acidic semen pH of 6.4 and low sperm cell concentration (663.6 × 
10

6
/ml) were obtained. Removal of seminal plasma and semen cryopreservation significantly decreased 

pH (5.8 ± 0.1 and 5.7 ± 0.1 for frozen-thawed washed and not-washed, respectively) and sperm cell 
motility rates of South African indigenous goats. Reduction in the sperm cell motility after 
freeze/thawing is still a problem and requires further research on the diluents and techniques that give 
protection to sperm cells during cryopreservation. 
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INTRODUCTION  
 
South African indigenous goats are resistant to different 
parasites and diseases such as blue tongue and able to 
survive on the poorest vegetation and are well known for 
being non-selective browsers (Agricultural Research 
Council, 2006). Majority of South African indigenous 
goats are kept in rural areas and they serve as a source 
of milk, hides and meat (Webb et al., 2003). However, 
this goat breed is under threat of extinction and very little 
information on the reproductive status is known (Webb et 
al., 2003). Fresh semen characteristics that were pre-
viously obtained from other South African indigenous 
goats (Boer) were; semen volume of more than 1.5 ml 
(Tuli and Holtz, 1995; Sundararaman et al., 2007), sperm 
cell motility of 72% (Tuli and Holtz, 1995), sperm cell 
concentration   of   greater   than  3   billion   sperm   cells  
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(Motlomelo et al., 2002). For frozen-thawed semen, 
progressive sperm cell motility of 54% was reported (Tuli 
and Holtz, 1995). However, there is no study done yet on 
the cryopreservation of South African indigenous goat 
semen. 

Cryopreservation of goat semen is indicated for several 
reasons (Martinez et al., 2007). The cryopreserved sperm 
cells can be stored and used after a long period of time. 
Cryopreservation of goat sperm cells also extends the 
reproductive life of a buck after his own life (Rahman et 
al., 2008). Frozen-thawed goat semen can be utilised for 
artificial insemination to enhance improvement of 
livestock as breeders mostly use genetically superior 
bucks (Martinez et al., 2007). Goat semen has been cryo-
preserved, using Tris-based extender, which contains a 
safe margin of egg yolk to avoid coagulation and provide 
sperm cells with nutrients like protein (Ritar et al., 1990). 
However, the sperm cell motility rates following cryo-
preservation have been usually lower than when fresh  
semen  is  used.  For   example,  goat  fresh   sperm   cell 



 

 
 
 
 
motility generally ranges from 80 to 90% (Gacitua and 
Arav, 2005). However, Purdy (2006) reported no or low 
recovery rates (0 to 18%) of motile sperm cells post-thaw 
in goats. On the other hand, the post/freezing sperm cell 
motility ranges from 23 to 65 % between different goat 
breeds (Tuli and Holtz, 1995; Gacitua and Arav, 2005). 
These clearly show that sperm cell motility following 
freezing is relatively low, which also lead to low 
conception rate following artificial insemination (Lopez-
Sebastian et al., 2007; Houdeau et al., 2008). Therefore, 
an increase in the recovery of good quality sperm cells 
following semen cryopreservation is necessary to achieve 
reasonable fertility rates (Gacitua and Arav, 2005). The 
objective of this study was to cryopreserve and evaluate 
South African indigenous goat frozen-thawed semen 
parameters.  
 
 
MATERIALS AND METHODS 
 
The trial was conducted at the Agricultural Research Council 
(Irene), South Africa. Six South African indigenous bucks aged 2 to 
8 years were used for semen collection. All the experimental goats 
were grazing on natural pasture (kikuyu). Water was provided ad 
libitum throughout the experimental period. Semen samples were 
collected once a week for 10 weeks during the breeding (autumn) 
season by means of an electro-ejaculator (Ramsem, South Africa). 
One ejaculate was collected from each buck during a collection 
session. Semen was collected in pre-warmed (37°C) 15 ml 
graduated tubes (Cell Star® tubes, Greiner Bio-One GmbH, 
Germany) (Zarazaga et al., 2009). Semen samples were kept 
approximately for 10 min in a thermoflask at 37°C for transportation 
to the laboratory for evaluation. 

Semen samples were evaluated for volume, pH, sperm cell 
motility and concentration. The volume of the ejaculates was 
measured by reading the measurements on the 15 ml graduated 
tube. Semen volume was recorded in millilitres. Semen pH was 
determined by using a pH meter [(HANNA Instruments®, South 
Africa (Pty) (Ltd)] while sperm cell motility was determined using a 
Sperm Class Analyser® (Microptic S.L, Barcelona). The sperm cell 
motility was recorded in percentages. The sperm cell concentration 
was determined by using a Spermacue® photometer (Minitube®, 
South Africa). The sperm cell concentration was recorded in 
millions per millilitre. 

After semen evaluation, fresh semen from each buck was divided 
into halves. One part was mixed at a ratio of 1:1.5 with prepared 
synthetic oviductial fluid (25°C). Then the semen samples which 
have been mixed with synthetic oviductial fluid [(Sigma-Aldrich, 
South Africa) (Pty) (Ltd)] were centrifuged at 1500 g for 10 min. 
Then seminal plasma was then removed using plastic pipette 
(Minitube®, South Africa), leaving only the sperm cell pellet.  

A day before semen collection, egg yolk-Tris extender (Fraction 
A and B), used to dilute semen, was prepared using the following: 
Tris (1.221 g), citric acid (0.68 g), monohydrate glucose (0.5 g), 
gentamycin sulphate (50 mg), glycerol (7 ml) (only in Fraction B) 
[(Sigma-Aldrich, South Africa) (Pty) (Ltd)], chicken egg yolk (10 ml) 
and sterile water (40 and 33 ml for Fraction A and B, respectively) 
[(Transfarm, South Africa) (Pty) (Ltd)]. All these components were 
added together in a 50 ml graduated tube (Cell Star® tubes, Greiner 
Bio-One GmbH, Germany) and secured with a cap, then stored at 
5°C. On day of semen collection, the prepared extender (Fraction 
A) was warmed in the water bath at 37°C. 

Both semen parts (with and without seminal plasma) were 
extended 1:1 with Fraction A of egg yolk-Tris extender. The 
extended semen samples were equilibrated for an hour at 25°C.  
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Then the semen samples were extended 1:1 with Fraction B of 
egg yolk-Tris extender and were equilibrated at 5°C for 2 h. During 
the last 10 min of 2 h semen equilibration, all the extended semen 
samples were loaded into 0.25 ml plastic straws (Minitube®, South 
Africa) (Purdy, 2006). After filling, the semen straws were sealed by 
using dry polyvinyl powder (Minitube®, South Africa) and were 
placed on a semen freezing holding racks. 

For freezing, the Styrofoam container was filled with liquid nitro-
gen (Afrox, South Africa). The rack carrying semen straws was 
suspended for 10 min above liquid nitrogen, keeping a gap of 5 cm 
between the surface of liquid nitrogen and the semen straws. After 
10 min, the straws containing semen were submerged into liquid 
nitrogen. Then the semen straws from each buck were grouped and 
loaded into a liquid nitrogen canister and stored in at -196°C for 
approximately 3 months. Semen straws were thawed, by dipping 
them into a water bath at 37°C for 20 s before evaluation. Five 
semen straws per buck per treatment (washed and not-washed) 
were thawed for evaluating sperm cell motility and pH. Data was 
expressed as mean ± S.E and the analysis was performed at 95% 
confidence limit, using Stata® V10 software (StataCorp. 2009).  
 
 
RESULTS  
 
The fresh semen characteristics of South African indi-
genous goats are shown in Table 1. Frozen-thawed (not-
washed and washed) semen characteristics of South 
African indigenous goats are shown in Table 2. Seminal 
plasma removal and semen freezing resulted to 
significantly (p < 0.05) lower pH (acidic), lower total, 
progressive and non-progressive sperm cell motility. 
These eventually increased immotile sperm cell. In 
frozen-thawed semen sample, the percentage of immotile 
sperm cells was higher for washed than not-washed 
semen sample. However, both washed and not-washed 
semen samples still had higher percentage of immotile 
sperm cells.   
 
 
DISCUSSION 
 
In this study, the semen volume of 0.7 ± 0.08 ml for 
South African indigenous goat was lower compared to 
the semen volume of 1.57 ± 0.35 ml (Dombo, 2002) and 
1.77 ± 0.3 ml (Webb et al., 2004), obtained during the 
natural breeding season using the same method of 
semen collection and similar goat breed. The differences 
between the present and previous studies conducted 
using similar breed might be due to the age of bucks 
used (Daramola et al., 2007). For this study, young to old 
bucks were used (2 to 8 years), whereas in the previous 
study, mature bucks were used (4 to 5 years). Lack of 
mineral supplementation in the experimental bucks of this 
current study might have also contributed to low semen 
volume compared to the previous studies using similar 
breed. According to Almeida et al. (2007), feed and 
mineral supplementation in winter is reported to have 
beneficial effect on the testicular development and semen 
quality and quantity in bucks. Furthermore, semen 
volume was also suggested to be affected by 
physiological status and genetic effects of the bucks 
(Webb et al., 2004;  David  et  al.,  2007).  Moreover,  this  
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Table 1. Fresh semen characteristics (mean ± S.E) of South African 
indigenous goats. 
  

Semen characteristics Mean ± S.E 

Volume (ml) 0.7 ± 0.08 
Concentration (106/ml) 663.6 ± 33.3 
pH 6.4 ± 0.2 
  

Progression (%)   

TM 83.1 ± 3.3 

PM 49.3 ± 4.3 
NPM 33.8 ± 4.7 

Immotile 16.9 ± 3.3 
 

TM = Total motility, PM = Progressive motility and NPM = Non-
progressive motility 

 
 
 

Table 2.  Effect of cryopreservation on semen quality (mean ± S.E) of South African indigenous goats. 
 

Semen  pH 
 Progression (%) 

 TM PM NPM Immotile 

Fresh 6.3 ± 0.1a  83.1 ± 2.7a 49.3 ± 3.4a 33.8 ± 3.3a 16.9 ± 2.7a 
F-T not-washed 5.7 ± 0.1b  28.2 ± 4.3b 13.2 ± 2.3b 15 ± 2.7b 71.8 ± 4.2b 
F-T  washed  5.8 ± 0.1b  13.8 ± 4.1c 5.5 ± 1.8c 8.3 ± 2.5c 86.2 ± 4.1c 
P – value  0.048  0.029 0.035 0.048 0.026 

 

a, b, c Values with different superscripts within same column differ significantly (p < 0.05).  
F-T = Frozen-thawed thawed, TM = total motility, PM = progressive motility and NPM = non-progressive motility.  

 
 
 
semen volume obtained in this current study was also 
lower compared to the semen volume of 2.1 ± 1.0 ml 
obtained from other breeds in other countries (Choe et 
al., 2006). For the latter case, breed might have led to the 
differences. It has been reported that some breeds 
produce higher semen volume (Webb et al., 2004). 
Though the semen volume was lower comparable to pre-
vious research, it was still within acceptable semen 
volume for goats (0.5 to 2.0 ml) as suggested by Al-
Ghalban et al. (2004) and David et al. (2007).  

The sperm cell concentration of 663.6 × 106/ml was 
significantly higher compared to the previous sperm cell 
concentration of 116.7 × 106/ml reported by Dombo 
(2002) using similar South African indigenous goat breed. 
The difference between this current study and the 
previous study might be due to different instruments that 
were used to evaluate sperm cell concentration. In 
previous study, haemocytometer was used whereas in 
this current study, Spermacue® photometer was used. 
However, the sperm cell concentration of this current 
study was lower compared to sperm concentration of 
4762 × 106/ml reported by Hidalgo et al. (2006) using 
Florida goats. The method of semen collection might 
have also affected the results (Jimenez et al., 2005), as 
in Hidalgo et al. (2006) experiment, artificial vagina 
method of semen collection was used and in this current 

study electro-ejaculator method of semen collection was 
used. Furthermore, the results of this current study were 
not meeting the standard sperm cell concentration of ≥ 2 
× 109 sperm cells/ml that a good buck must produce 
(Paulenz et al., 2005; Hidalgo et al.,  2007). In general, in 
terms of sperm cell concentration the results of this 
current study were poor, but higher than previous reports 
using the same breed. The sperm cell motility of South 
African indigenous goat was acceptable and higher 
(83%) as it was above 70% compared to the sperm cell 
motility of 62.5% reported by Nur et al. (2005) when 
Saanen goats were used. Acceptable fresh sperm cell 
motility obtained in this study might be due to the reason 
that the semen samples were collected during the natural 
breeding season (autumn). This was also in agreement 
with Gacitua and Arav (2005) who indicated that goat 
sperm cell motility is high during the breeding season 
than during the non-breeding season. There are several 
factors which might have caused differences between 
this current study and previous studies in terms of sperm 
concentration, this include breed used, nutrition, time of 
the year and the age of the goats (Jimenez et al., 2005; 
Bester, 2006; Daramola et al., 2006; Yamashiro et al., 
2006; Sundararaman et al.,  2007; Zarazaga et al., 2009). 

South African indigenous goat semen had more acidic 
semen pH when compared to the semen  pH  of  7.0  and  



 

 
 
 
 
7.2 which was documented to be most favourable to the 
sperm cell motility rate in other goat breeds (Molinia et 
al., 1994; Purdy, 2006). The causes of acidic semen pH 
are unknown, but it was assumed that electro-ejaculator 
during semen collection had a negative effects in South 
African indigenous goats. Electro-ejaculator method is 
reported to stimulate a buck to release acidic urine which 
contaminate semen and reduce the semen pH (Jimenez 
et al., 2008; Moreno et al., 2009).  

In this study, seminal plasma removal with a physio-
logical solution seems to decrease the percentage of 
motile sperm cells. Similar results were recorded by 
Azeredo et al. (2001) who reported that parts containing 
seminal plasma had high sperm cell motility than semen 
without seminal plasma. However, contradictory results to 
this current study were reported, indicating that seminal 
plasma removal with a physiological solution increased 
the percentage of motile sperm cells before and after 
freezing in goats (Leboeuf et al., 2000; Gacitua and Arav, 
2005). Therefore, more research on appropriate solutions 
or ingredients is recommended  

The results of this current study also showed that 
cryopreservation decreases sperm cell motility. These 
results are in agreement with Kozdrowski et al. (2007) 
who obtain less than 30% sperm cell motility. Moreover, 
the frozen-thawed sperm cell motility obtained in this 
study was lower than the sperm cell motility bench mark 
of 50% recommended by Biswas et al. (2002) in goat. A 
decrease in cryopreserved sperm cell motility might be 
due to ultrastructural, biochemical and functional changes 
of cryopreserved sperm cells. These changes are caused 
by freezing temperature and thawing process (Dorado et 
al., 2007; Uysal and Bucak, 2009). Moreover, a decrease 
in post-thawing motility of sperm cells was suggested to 
be due to more acidic semen pH (Molinia et al., 1994). 
This is because the South African indigenous goat semen 
pH continued to be more acidic following 
cryopreservation. Acidic semen pH usually results from 
sperm cell apoptosis that occur during cryopreservation 
due to toxic substances secreted during death of the 
other sperm cells (Bester, 2006; Uysal and Bucak, 2009). 

Different methods for processing (semen evaluation 
and dilution) and freezing of semen using vapour and 
programmable freezers have been developed to reduce 
cryogenic injuries to sperm cells (Dorado et al., 2007). 
Nevertheless, the results of this study indicated that 
some of the methods developed to reduce cryogenic 
injuries to sperm cells are not helping as the results 
obtained are not satisfactory. Following unsatisfactory 
results of this current study, it was believed that the ability 
to freeze goat semen is still a challenge as it involves 
balancing of many variables (Rahman et al., 2008). 
Therefore, some modification or adjustment must be 
made on the freezing method, equilibration and cooling 
rate, cryoprotective diluents, dilution and thawing method. 
In conclusion, the semen volume of South African 
indigenous goat fresh semen was 0.7 ml and its pH (6.4 ± 
0.2) was  acidic.  The  sperm  cell  motility  of  South  African 
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indigenous goat was acceptable. In terms of sperm cell 
concentration, it was below the required standard 
concentration that the good buck must produce. This 
study also demonstrated that cryopreservation of South 
African indigenous goat semen decreased semen pH and 
sperm cell motility, whether seminal plasma was removed 
or not. Reduction in the sperm cell motility after freeze/ 
thawing is still a problem and requires further research on 
the diluents and techniques that give protection to sperm 
cells during cryopreservation. 
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