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ABSTRACT 

The present study determined the effect of Bovine Serum Albumin (BSA), incubation 
and individual ram on total motility, intensity of motility, viability and DNA integrity 
of refrigerated (5oC) epididymal spermatozoa. Cross sectional design and convenience 
sampling were used. One apparently healthy ram of ≥ 3 years of age was sampled per 
abattoir visit. Three weekly abattoir visits were made consecutively for six weeks. 
Total motility in yolk-citrate extender (positive control) was similar (P>0.05) to 
corresponding total motility in 1, 5, 10 and 15 % BSA-based extenders. Prior to 6 h 
incubation, intensity of motility in yolk-citrate extender was not significantly different 
with corresponding values in 0.3, 1, 5, 10 and 15 % BSA-based extenders. 
Spermatozoa in yolk-citrate extender had similar intensity of motility with those in 1, 
5, 10 and 15 % BSA-based extenders after 6 h incubation. Viability of spermatozoa in 
15 % BSA-based extender was significantly (P<0.05) higher than viability in yolk-
citrate extender. However, DNA integrity of spermatozoa in yolk-citrate extender was 
similar to respective values in 1, 5, 10 and 15 % BSA-based extenders. Extender 
devoid of egg yolk and BSA (negative control) was significantly lower in terms of all 
quality parameters when compared to all extenders, except 0.3 % BSA-based extender 
which had similar intensity of motility with yolk-citrate extender after 6 h incubation. 
All quality parameters before incubation except DNA integrity were significantly (P<
0.05) higher than corresponding values after 6 h incubation. However, DNA integrity 
before and after incubation were similar. Significant individual differences in all 
quality parameters existed among rams. Similarly, significant interactive effect of 
incubation and individual ram on percent total motility and viability was recorded. In 
conclusion, BSA is a suitable replacement for egg yolk in ram epididymal 
spermatozoa preservation. However, incubation and individual differences are 
influencing factors that must be taken into consideration. 
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1BACKGROUND INFORMATION 

Genetic improvement of farm animals relies on the intensive use of a few 

superior males either for natural mating, or in artificial insemination programs. The 

production of meat and milk may be increased through selective breeding of ewes 

with rams exhibiting desirable genetic combinations (Abdel-Rahman et al., 2000). In 

livestock breeding, the preservation of gametes after the death of a genetically 

valuable animal can be important. Recovery of spermatozoa after death may offer the 

last chance to preserve genetic material from breeding animals which have died 

unexpectedly (García-Álvarez et al., 2009) and provide resources for the development 

of germplasm banks of an endangered species (Martinez-Pastor et al., 2005). 

The interest in preserving endangered species and valuable genetic material 

has resulted in increased attention towards possible recovery of viable sperm from the 

epididymides of dead animals (Foote, 2000). Livestock industry plays a crucial part in 

livelihood system and economy of developing country. Advances in male and female 

germ cell preservation and transfer have developed rapidly in recent years. The goal 

of spermatozoa preservation is to extend the fertile life of genetically superior males 

so as to facilitate their effective use in assisted reproduction (Nang et al., 2011). 

Bovine serum albumin (BSA) is a kind of serum albumin which could protect 

sperm cell efficiently added in semen extender (Matsuoka et al., 2006; El-Kon et al., 

2011; Osman et al., 2012). Discovery of the use of BSA as sperm protective agent had 

begun since 1976. Blank et al. (1976) discovered that BSA can be adsorbed onto the 

surface of spermatozoa plasma membrane, thus protecting spermatozoa from harmful 

effects during preservation. Furthermore, Fukui et al. (2007) had proved that BSA can 



 2 

help in improving the survival and fertility of cryopreserved spermatozoa. In both of 

these studies, BSA was used in place of egg yolk in the preservation extender. The 

spermatozoa preserved with BSA extender maintained their fertility properties which 

lead to successful fertilization (Nang et al., 2011).  

Freezing-free preservation has been established to be able to lessen damage to 

spermatozoa compared to a freezing protocol (Osman et al., 2012).  Even though 

freezing-free preservation can be used to inseminate (in vivo) in the production of 

normal offspring, duration of preservation using this preservation method has to be 

improved because it only allows short-term storage. This is supported by the fact that 

unfrozen spermatozoon can fertilize an oocyte after seven or eight days’ storage based 

on the media used (Osman et al., 2012). However, all new extenders or preservation 

methods for semen need to be tested before practical application in the field. 

Therefore, in vitro studies to test the effectiveness of these methods are needed 

(Amann, 1989) 

1.2 RESEARCH PROBLEM 

       Cryopreservation is by far a standard technique for the long-term preservation of 

spermatozoa (Sitaula et al., 2009). Nevertheless, a number of handling and logistical 

difficulties halted this technique from being carried out at most of the remote 

farms (Nang et al., 2011). The necessity of storage in liquid nitrogen (Meyers, 2006) 

and transportation difficulties of semen sample from laboratory to the farm or over the 

countries further complicate the use of this preservation technique (Nang et al., 2011). 

Preservation of sperm cells can be compromised if testis-epididymis samples are 

poorly packaged or stored due to post-mortem tissue degeneration (Sankai et al., 

2001). Furthermore, time constraint is consistently identified as a major problem for 
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recovering motile and viable epididymal sperm cells from the abattoir-derived 

epididymides (Kikuchi et al., 1998; Chaveiro et al., 2015). 

Indiscriminate slaughtered of an indigenous allow males would deplete the 

excellent genetic resources (Osamede and Adebowale, 2016). This poses the danger 

of losing valuable genes for adaptation to extreme environments and disease which 

are of value in developing countries (Osamede and Adebowale, 2016). 

Improvement in this field can be done by discovering ideal storage 

temperature as well as supplementation with a compound that can maintain and 

improve quality of stored spermatozoa (Osman et al., 2012). 

Ram spermatozoa have a special composition of cell membrane that makes 

them difficult to cryopreserved (Aisen et al., 2002). Ram sperm has a lower 

phospholipid to cholesterol ratio and higher fatty acids to polyunsaturated fatty acids 

ratio than other species (Çoyan et al., 2011). Sperm susceptibility to cryopreservation 

is explained by membrane phospholipids ratio and membrane cholesterol 

to phospholipids composition (Holt, 2000).  Besides, changing lipid structure of 

sperm membrane affects sperm freezing (Amorim et al., 2009). It means that sperms 

having low cholesterol to phospholipid ratio as seen in boars, stallions, rams and bulls 

are more sensitive to the cryodamage than sperms from rabbits and humans which 

have high cholesterol to phospholipid ratios (Parks and Lynch, 1992; White, 1993). 

1.3 JUSTIFICATION 

The goal of spermatozoa preservation is to extend the fertile life of genetically 

superior males so as to facilitate their effective use in the field of assisted 

reproduction (Nang et al., 2011). Apart from handling and logistical difficulties, 

freezing of spermatozoa cause serious damage and impairs fertility of the 
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spermatozoa population (Nang et al., 2011). These damages are less pronounced in 

semen that had been preserved above freezing point (Maxwell & Salamon, 1993). 

Instead of the conventional method of semen collection, epididymal sperm is 

rather collected to reduce costs and offset some organizational difficulties (Abu et al., 

2016). This becomes necessary when natural mating or the use of ejaculated semen is 

not possible due to difficulty of handling intractable animal or sudden death of an 

animal (Homeida et al., 2001). 

 Bovine serum albumin (BSA), a highly soluble protein, naturally occurs in 

mammalian semen and protects the sperm cell from harmful effects of free radicals 

during oxidative stress (Fukuzawa et al., 2005; Roche et al., 2008). Supplementation 

of BSA in extender did not improve the kinetic parameters of spermatozoa during 

storage of equine semen (Ball et al., 2001). Contrary to this finding, studies in bovine 

(Uysal et al., 2007), caprine (Amidi et al., 2010; Anghel et al., 2010), equine (Kreider 

et al., 1985; Klem et al., 1986), ovine (Uysal and Bucak, 2007) and lapine semen 

(Alvarez and Storey, 1983) reported improvement in sperm motility and 

characteristics through BSA inclusion in extenders. However, the exact mechanism 

through which BSA stimulates motility is unknown (Harrison et al., 1982; Klem et 

al., 1986). 

1.4   AIM AND OBJECTIVES OF THE STUDY 

The aim of the study was to evaluate the effect of BSA on some quality 

parameters of ram cauda epididymal spermatozoa under freezing-free preservation. 

The specific objectives were: 

i. To determine the effect of BSA on total motility, intensity of motility, 

membrane viability and DNA integrity of ram cauda epididymal 

spermatozoa. 
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ii. To compare total motility, intensity of motility, membrane viability and 

DNA integrity before 6 hour and after 6 hours incubation of ram cauda 

epididymal spermatozoa.  

iii. To determine the effect of individual ram on total motility, intensity of 

motility, membrane viability and DNA integrity of ram cauda epididymal 

spermatozoa. 
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CHAPTER TWO 

2.0   LITERATURE   REVIEW 

2.1 POPULATION AND DISTRIBUTION OF SHEEP (Ovis aries) 

According to the Food and Agriculture Organization (FAOSTAT, 2017) the 

global sheep population is more than 1.2 billion heads. The three largest destinations 

for sheep are Asia, Africa and Europe with 41.4 %, 28 % and 12 %, respectively 

(FAOSTAT, 2017). Nigeria is home to about 42.5 million sheep and about 70 % of 

the small ruminants are found in the semi-arid zones of Nigeria and these belong to 

the agro-pastoral farmers utilizing extensive and semi-intensive management systems 

(Ajala et al., 2003; Mbilu, 2007). According to Adu and Ngere (1979) and Ugwu 

(2007), the indigenous sheep breeds of northern Nigeria are the Yankasa, Ouda, 

Balami and their crosses. These breeds generally have heavier birth and adult weights, 

and grow faster than the West African Dwarf breed which thrives best in the lower 

fringes of the derived Savannah, and in the rainforest regions of southern Nigeria 

(Ugwu, 2007). The productivity of the sheep in the north is severely limited by the 

semi-arid and arid environments in which they live. Majority of the sheep population 

in the country are owned by small-holder rural livestock farmers, a few are still in the 

urban areas (Sanni et al., 2004; Mbilu, 2007). Sheep and goats constitute a good 

source of family income and livelihood, assets and agricultural resource for small 

holder farmers (Iyayi and Tona, 2004; Salem-Ben and Smith, 2008; Shittu et al., 

2008). This again underlines the valuable contribution of small ruminants as income 

generating assets among small-holder livestock farmers (Mbilu, 2007; Shittu et al., 

2008). They are kept mainly as a secondary investment and require minimal input. 
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2.2 SOCIO-ECONOMIC IMPORTANCE OF SHEEP (Ovis aries) 

Integration of sheep with crop agriculture usually occurs under subsistence 

conditions. They form an integral part of the system, providing milk, meat, manure 

and cash to the farming family during the time of need. Sheep and goats are 

efficiently reared on marginal lands and are good users of crop residues (Fakoya, 

2007; Sanni et al., 2004). As such, they provide the only practical means of using vast 

areas of natural grasslands in regions where crop production is almost impracticable 

(Ngatazie, 1989; Rege, 1993). Small ruminants have been reported to be prolific 

(Otchere, 1986) and need only short gestation periods to increase flock size. This, 

therefore, makes traditional small ruminant production system a low input but high 

output enterprise with predictable profitability and economic returns (Nwafor, 2004). 

Sheep contribute enormously to the protein requirements of most developing 

countries (Mandal et al., 2007; Muhammad et al., 2008). In sub-Saharan Africa, sheep 

provide almost 30 % of the meat consumed and around 16 % of the milk produced. 

David-West (1985) estimated that sheep and goats contribute about 35 % of the total 

animal meat production in Nigeria. This ranks small ruminants as the second most 

important suppliers of meat protein to the population after cattle (Maigandi, 2001; 

Ajala et al., 2003; Ugwu, 2004). Despite the enormous contributions of the small 

holder farmer to Nigeria’s livestock economy and development programme, and in 

spite of the special attributes possessed by small ruminants, the productivity potential 

of these animals is yet to be fully exploited (Maigandi, 2001; Aye, 2004; Magaji, 

2004). Some of these productivity attributes include the ability of small ruminants to 

highly adapt to a broad range of environments utilizing a wide variety of plant species 

(Aye, 2004; Ugwu, 2004; Nwafor, 2004), as well as not being prone to high feed 

competition with other species like cattle and camels (Rege, 1993; Gatenby, 2002). 
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Due to their short generation time (gestation period) and high fecundity (Otchere, 

1986), sheep are generally known to have high production efficiency. During periods 

of unpredictable food shortage, sheep have proven very useful to human beings in the 

supply of meat and milk products (Gatenby, 2002; Iyayi and Tona, 2004). 

2.3 APPLICATION OF ASSISTED REPRODUCTIVE TECHNOLOGY 

Assisted reproductive technologies such as artificial insemination (AI), in vitro 

fertilization (IVF), embryo transfer (ET) and cryopreservation of gametes allows 

exchange of genetic material between populations without the need to transport 

animals. It also eliminates problems of behavioral incompatibility, overcomes 

physical conditions that limit breeding, and reduces opportunities for disease 

transmission (Wildt, 1990; Loskutoff, 2003). Artificial insemination (AI) with frozen-

thawed semen has been proposed as a valuable tool for genetic improvement 

programme for sheep (Anel et al., 2006). However, artificial insemination technique 

has still required a widespread application, because of very variable and frequently 

low fertility with cervical AI, forcing the use of short-term refrigerated semen or 

laparoscopic insemination. The main problem with the cervical AI is the difficulty in 

performing a deep insemination, because of the sheep reproductive tract anatomy and 

to the convoluted shape of the cervical channel, forcing to deposit the semen within 

the vagina or to perform shallow intracervical inseminations (Kaabi et al., 2006; 

Druart et al., 2009). Moreover, cryopreservation impairs sperm quality (Salamon and 

Maxwell, 2000), and possibly its ability to migrate to the oviduct, which explains the 

requirement of laparoscopic AI to achieve acceptable results when using 

cryopreserved semen in sheep. 

The sheep industry has not been able to utilize many of the assisted 

reproductive technologies (ART) in general and AI in particular, as other livestock 
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industries, due to inefficiencies in collecting, freezing and inseminating frozen ram 

semen. Furthermore, some studies routinely collect and freeze ram semen, and there is 

still a need to optimize cryopreservation and breeding protocols for ram semen 

(Blackburn, 2004). Cryopreservation is an extensively used technique for the long-

term storage of semen, but it causes partial irreversible damage to the sperm cells 

(Amann, 1989; Purdy, 2006).This has been attributed to sperm cold shock, oxidative 

stress, sperm membrane modification, cryoprotectant toxicity, intracellular ice crystal 

formation, and fluctuations in osmotic pressure (Watson and Martin, 1975; Watson, 

1995; Isachenko, 2003). 

Genetic improvement of farm animals relies on the intensive use of a few 

superior males either for natural mating, or in artificial insemination programs. The 

production of meat and milk may be increased through selective breeding of ewes 

with rams exhibiting desirable genetic combinations (Abdel-Rahman et al., 2000). 

However, sperm density and sperm membrane viability as well as other sexual 

characteristics of the different breeds may limit the extent to which rams can be used 

for breeding. The influence of the major biologically active inorganic components 

such as selenium on these sperm parameters has been extensively studied in various 

breeds of rams (Scott et al., 1963; Dott and White, 1964; Wallace and Wales, 1964; 

Quinn et al., 1965; Quinn and White, 1966; Stechell, 1974; Hamamah and Gatti, 

1998).  

2.4 EPIDIDYMIS 

The epididymis constitutes an important part of the male genital duct system. 

It plays a key role in the maturation and storage of spermatozoa (Bedford, 1967). The 

epididymis is a highly convoluted tubule which connects the testis to the ductus 

deferens and is an important segment of the excurrent duct system of the testes that 
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performs a variety of functions (Beu et al., 2009). Various studies on mammalian 

epididymis have shown that it can be divided into distinct regions according to the 

biochemical, morphological and morphometric characteristics of its segments 

(Beguelini et al., 2010). Various divisions have been proposed and the most widely 

used is that dividing the organ into the initial segment, caput, corpus and cauda 

epididymis (Serre and Robaire, 1998). The vas deferens is the tubular structure which 

conducts spermatozoa from the epididymis to the urethra. After crossing the ureter in 

the abdominal cavity, it dilates into a spindle shaped enlargement, the 

ampulla (Archana et al., 2008). Comparative anatomical and histological studies on 

epididymis and vas deferens of local domestic ruminants are not available, except few 

references that are available in the textbook on ruminants in general (Sisson and 

Grossman, 1975; Dyce et al., 2002). The ability of the epididymis to protect 

spermatozoa from oxidative attack while stored at this site, through the local actions 

of antioxidants, has not thus far been systematically studied. The human epididymis 

contributes to the antioxidant capacity of seminal plasma and possesses region-

specific antioxidant activity, which may potentially protect spermatozoa from 

oxidative attack during storage (Potts et al., 1999). 

2.5 EPIDIDYMAL SPERMATOZOA 

Epididymal sperm has been used in many laboratories because it is easier to 

get in some special species (Tajik and Hassan-Nejad, 2008). Cryopreserved 

epididymal sperm is now used for intra-cytoplasmic sperm injection (ICSI) in human 

insemination (Jansen et al., 2000). Epididymal sperms have been obtained and 

individual variations in cryoprotectant toxicities have been studied for African 

antelope (Loskutoff et al., 1996). Epididymal sperms have successfully been obtained 

at necropsy from goats and used for in vitro fertilization (IVF) (Blash et al., 2000). 
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One year later, goat epididymal sperm was cryopreserved using a chemically defined 

model system (Kundu et al., 2001). Yu and Leibo (2002) have successfully recovered 

motile and membrane-intact spermatozoa from canine epididymis stored for 8 days at 

4 °C. Similarly, James et al. (2002) have stored equine sperm in the epididymis at 4 

°C for 24, 48, 72 and 96 hours. Some experiments were carried out by Kaabi et al. 

(2003) on the quality of cauda ram epididymal spermatozoa. On the other hand, 

artificial insemination and embryo transfer as well as IVF have been used in camelids 

(Roberts, 1991; Anouassi et al., 1992; Musa et al., 1992; McKinnon et al., 1994; 

Bravo et al., 2000). Surprisingly, some researchers have used epididymal sperm from 

South American camelids but no offspring resulted from their works (Del Campo et 

al., 1994). 

Epididymal spermatozoa have been preserved or used not only in domestic 

animals but also in primates, rodents, experimental animals and humans for artificial 

insemination and IVF (Paŭfler and Foote, 1968; Foote and Igboeli, 1968; Marks et al., 

1994; Blash et al., 2000; Morris et al., 2002; Morton et al., 2007; Morton et al., 

2010).  

2.6 SEMEN EXTENDER 

Extender or diluent is a chemical medium used for preservation, extension and 

protection of sperm cells against various shocks during processing, storage and 

transportation used for artificial insemination (Nitin et al., 2018). Good extender 

should provide energy for metabolic activities within sperm cell; maintain osmotic 

pressure and pH of the medium (Salamon and Maxwell, 2000). Extender also keeps a 

check on the contamination of the medium to protect semen from microbial growth 

(Rehman et al., 2013). Different semen extenders provide sufficient nutrition in the 

form of fructose sugar to sperm cells during storage. It also prevents sperm cells 
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against cryoshocks during cold storage at extreme temperature (-196oC) in liquid 

nitrogen (Foote, 2002). Moreover, liquid extended semen produces a higher 

conception rate with a relatively a smaller number of sperm cells (Shahab and Ahmad, 

2003). Semen extender is the only medium which enables us to exploit the 

reproductive potential of the male animal more efficiently, with almost no venereal 

diseases (Rehman et al., 2013). 

Different extenders have been designed and used in cattle (Vishwanath and 

Shannon, 2000), sheep (Paulenz et al., 2002), swine ( Zou and Yang, 2000), canines 

(Iguer-ouada and Verstegen, 2001), deer (Asher et al., 2000), elephant (Graham et al., 

2004) and even bactrian camels (Chen et al., 1990) to protect and maintain 

spermatozoa during  processing and storage. AI with fresh and frozen semen is used 

for breeding bactrian camels routinely (Chen et al., 1990) with a high conception rate, 

whereas in dromedaries, attempts have been made to collect and use semen for AI, 

extended in different diluents, with variable results (Abdel-Raouf and El-Naggar, 

1976; Taha-Ismail, 1988; Sieme et al., 1990; Billah and Skidmore, 1992; Musa et al., 

1992). There is need for studying different types of extenders and storage conditions 

for the ejaculated spermatozoa in different species in order to develop the technique 

of AI or IVF and ET. During preservation of spermatozoa focusing on the quality 

parameters such as sperm viability, progressive motility, membrane integrity and 

acrosomal status are considered to be most reliable (Amann, 1989).  

2.7 ROLE OF ANTIOXIDANTS 

Antioxidants are the main defense factors against oxidative stress induced by 

free radicals (Silva et al., 2011). Under normal conditions, to neutralize the 

detrimental effects of reactive oxygen species (ROS) on spermatozoa, seminal plasma 

possess a number of natural antioxidant systems that scavenge ROS and prevent 



 13

internal cellular damage (Gadea et al., 2011). The imbalance between the presence of 

ROS and sperm antioxidant activity is the main cause of cryodamage of sperm (Wang 

et al., 1997; Ball, 2008; Li et al., 2010). The specific structures of spermatozoa are the 

plasma membrane, a large number of mitochondria, low cytoplasm and 

low antioxidant content in sperm cell cytoplasm which makes them possibly 

vulnerable to the damage of free radicals (Bollwein et al., 2008).  

Antioxidants exert a protective effect on the plasma membrane of frozen 

bovine sperm, preserving both metabolic activity and cellular viability (Beconi et al., 

1993). Although a significant negative correlation between the ROS level and the in 

vitro fertilization rate has been found (Agarwal et al., 2005), controlled quantities of 

ROS have been shown to be essential for the development and hyperactivation of 

spermatozoa (De Lamirande and Gagnon, 1993), two physiological processes of the 

spermatozoon that are necessary to ensure fertilization. The maintenance of a suitable 

ROS level is, therefore, essential for adequate sperm functionality. The presence of 

antioxidant enzymes such as glutathione reductase (GR), superoxide dismutase 

(SOD), glutathione peroxidase (GPx), and catalase (CAT), in bull (Beconi et al., 

1993) and ram (Abu-Erreish et al., 1978; Marti et al., 2003; Marti et al., 2007) semen, 

and the effect of semen dilution in reducing their protective capacity (Maxwell and 

Stojanov, 1996) have been shown. 

2.8 TYPES OF ANTIOXIDANTS 

There are two types of antioxidants which include enzymatic antioxidants and 

non-enzymatic antioxidants (Kefer et al., 2009). Enzymatic antioxidants, also known 

as natural antioxidants include GPx, GR, SOD and CAT (Alvarez et al., 1987; 

Alvarez and Storey, 1989), all participate in sperm natural antioxidant defense system 

(Partyka et al., 2012). Non-enzymatic antioxidants, also known as synthetic 
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antioxidants or dietary supplements, include reduced glutathione (GSH), urate, 

ascorbic acid, vitamin E (alpha-tocopherol), carotenoids (beta-carotene), ubiquinones, 

taurine and hypotaurine, selenium and zinc (Alvarez and Storey, 1989; Therond et al., 

1996). 

Bovine serum albumin (BSA) is known to improve sperm motility, maintain 

plasma membrane integrity and protect acrosome reaction against temperature shock 

during the freeze–thaw process in ram semen (Uysal and Bucak, 2007). It may also 

enhance spermartozoa survival in the reproductive tract of the cow prior to 

fertilization (Chen et al., 1993). Besides, it was reported that BSA gives best fertility 

rates and increases the activity of catalase antioxidant activity following the freeze-

thaw process in bull semen (Schafer and Holzmann, 2000). BSA increases motility 

and viability of spermatozoa after long term storage in low temperatures (Matsuoka et 

al., 2006; Yoshimoto et al., 2008) and during cryopreservation (Blesbois and Caffin, 

1992). Also, a good membrane protection in terms of resistance to hypo-osmotic 

shock was also attained when BSA and egg yolk were added to the extender (Amidi et 

al., 2010).  
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CHAPTER THREE 

3.0 MATERIALS AND METHODS 

3.1 SAMPLING LOCATION 

Samples of intact ram scrotum containing the testes and epididymides were 

collected in early dry season September-October from the Kano Main abattoir located 

at Kofar Mazugal within Kano Metropolis in Dala Local Government Area of Kano 

State with the following GPS coordinates: 12.01280 N, 08.52110 E. Different animals 

which include camels, cattle, sheep and goats are slaughtered daily in the abattoir.  

3.2   SAMPLING METHOD AND NUMBER OF RAMS SAMPLED 

Using the convenience sampling method one (1) apparently healthy adult ram 

was selected. Age of ram was estimated by the dentition method of Johnson (1999) 

and only rams ≥ 3 years of age were considered. Three visits were undertaken weekly 

making a total of three rams per week and 18 rams in six weeks. 

3.3 ABATTOIR PHASE  

Upon slaughter and evisceration, the entire scrotum containing testes and 

attached epididymides was detached from the body wall using a sharp knife. It was 

placed on ice in a Styrofoam box and transported to the laboratory situated at the 

Centre for Dryland Agriculture, Bayero University, Kano (New Site) for the 

evaluation of spermatozoa quality parameters. This procedure was repeated 

throughout the sample collection period of six (6) weeks.  

3.4 LABORATORY PHASE 

3.4.1 PREPARATION BSA STOCK SOLUTION 

BSA stock solution was prepared by dissolving 800 mg of BSA crystalline 

powder (Kem Light Laboratory Pvt. Ltd., Mumbai, India) into 100 ml of 

physiological saline (Dana Pharmaceutical Ltd, Minna, Niger State, Nigeria). 
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3.4.2 EXTENDER COMPOSITION 

Seven different extenders were prepared: Extenders I and II were the positive 

and negative controls, respectively, while the remaining extenders (III-VII) were 

BSA-based as presented in Table 3.1 below. 

Table 3.1 Composition of Test Extenders 
 

Component  
Extender 

I  II  III  IV  V  VI  VII  

Tri-sodium 
citrate, (g)  

2.9  2.9  2.9  2.9  2.9  2.9  2.9  

Egg yolk, 
(ml) 

20  -  -  -  -  -  -  

Sodium 
penicillin G, 
(IU)  

100,000  100,000  100,000 100,000 100,000 100,000 100,000 

Streptomycin 
sulphate, (g)  

0.1  0.1  0.1  0.1  0.1  0.1  0.1  

Distilled 
water, (ml)  

To 100  To 100  To 100 To 100  To 100  To 100  To 100  

BSA, % (v/v)  -  -  0.3  1  5  10  15  

Fructose, (g)  1.250  1.250  1.250  1.250  1.250  1.250  1.250  

I = Positive Control; II = Negative Control; III-VII = BSA-based Extenders  

3.4.3 RECOVERY OF EPIDIDYMAL SPERMATOZOA 

On arrival at the laboratory, the scrotum was dissected using scalpel blade and 

sharp scissors. The testis with its associated epididymis was removed from the tunica 

vaginalis. The epididymis was detached from the wall of the testis. It was divided into 

head, body and tail regions. The tail region was immersed into 40 ml of physiological 

saline. It was cut into pieces while immersed in the physiological saline and allowed 

to stand for 5 minutes, after which the content was agitated gently and filtered through 

a soft tissue paper. The filtrate was collected into a beaker. The same procedure was 
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followed for the remaining pairs of epididymides harvested throughout the 

experiment. 

3.5 SPERMATOZOA QUALITY PARAMETERS 

To determine spermatozoa quality parameters, 1.25 ml of the filtrate was 

transferred into 5 ml of respective extenders. The mixture of filtrate and extender was 

assessed before and after six hours of incubation at 5 oC. 

3.5.1 DETERMINATION OF TOTAL MOTILITY AND INTENSITY OF 
MOTILITY 

The total motility and intensity of motility were assessed as described by 

Abdussamad et al. (2015). Ten (10) µl of the mixture was placed on a glass slide and 

covered with a cover slip. The slide and cover slip were previously pre-warmed at 37 

oC on a stage warmer. It was observed under light microscope at ×40 high power eye 

piece magnification. The total motility was recorded by taking the average of five 

fields and the intensity of motility of spermatozoa was scored as follows: 

0 - No sperm movement. 

1 - Slight tail undulation without forward motion. 

2 - Slow tail undulation with slow or stop and start forward motion. 

3 - Forward progression at a moderate speed. 

4 - Rapid forward progression. 

5 - Very rapid progression in which cells are difficult to follow visually. 

3.5.2 DETERMINATION OF SPERMATOZOA VIABILITY 

Viability was determined using Hypo-osmotic swelling test (HOST) as 

described by Jeyendran et al. (1984). Hypo-osmotic solution with osmolarity of 

179 mOsmol/l was prepared by dissolving 1.375 g of D-Fructose and 0.75 g of 

sodium citrate in 100 ml of distilled water. One (1) ml of hypo-osmotic solution was 

mixed with 0.1ml of sample in a test tube and it was incubated at 37 oC for 30 
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minutes. A drop of the diluted sample was placed on a pre-warmed clean dry glass 

slide and covered with a cover slip. Spermatozoa were counted at x40 eye piece 

magnification in five different fields under light microscope. Live spermatozoa 

showed swelling of the tail which gives the appearance of a curled tail and dead 

spermatozoa had straight tail. 

3.5.3 DETERMINATION OF DNA INTEGRITY 

Spermatozoa DNA integrity was assessed using toluidine blue stain (Loba 

Chemie  Pvt. Ltd., Mumbai, India) as described by Mello (1982) with modifications. 

Using 100 µl mixture of the filtrate and the extender, smears were made on glass 

slides, air dried, fixed in freshly prepared 96 % ethanol-acetone (1:1) at 4 oC for 10-15 

min and hydrolyzed in 4.0 N HCl at 25 oC for 10-15 min. Slides were then rinsed 

three times in distilled water for 1 min each and stained with 0.05 % toluidine blue for 

10 min. The staining buffer consisted of 50 % citrate phosphate (Mcllvain’s buffer, 

pH 3.5). The slides were photographed in five different fields using microscope 

digital camera (AmScope, Irvine, CA 92606, USA) mounted on a trinocular 

microscope (Hund Wetzler, Model H600, Helmut Hund GmbH, Germany). The 

images were evaluated for DNA integrity. Sperm heads with intact chromatin (intact 

DNA) stained light blue and those with damaged chromatin (damaged DNA) stained 

violet or purple. 

3.6 STATISTICAL ANALYSIS 

Data were analyzed by a Three-Way Analysis of Variance (ANOVA) with 

extender and ram as between-subject variables and incubation as within-subject 

variable. The General Linear Model (GLM) Repeated Measures procedure of SPSS 

16.0 software for Windows (SPSS Inc., Chicago, IL, USA) was used for the analysis. 

Where significant differences exist, Tukey’s test was used in most cases. However, 

where ANOVA showed significant difference but Turkey’s test revealed no statistical 
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significance; Duncan Multiple Range Test was used for mean separation. Data for 

intensity of motility were analyzed using Kruskal-Wallis and Wilcoxon-signed Rank 

tests as implemented in GraphPad Instat® package (GraphPad InStat®, version 3.05, 

32 bit for Win 95/NT, GraphPad Software, Inc, 2000). 
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CHAPTER FOUR 
 

4.0 RESULTS AND DISCUSSION 

4.1 RESULTS 

4.1.1 Effect of Six-Hour Incubation on Total Motility, Viability, DNA Integrity and 
Intensity of Motility of Ram Epididymal Spermatozoa 

Percent total motility of ram epididymal spermatozoa as affected by six-hour 

incubation is presented in Figure 4.1. Total motility before 6 h incubation (Mean = 73 

%, SEM = 1 %) was significantly (P<0.001) higher than after 6 h incubation (Mean = 

68 %, SEM = 1 %). 

Percent viability of ram epididymal spermatozoa as affected by six-hour 

incubation is shown in Figure 4.2. Viability before 6 h incubation (Mean = 68 %, 

SEM = 1 %) was significantly (P<0.05) higher than after 6 h incubation (Mean = 65 

%, SEM = 1 %). 

DNA integrity of ram epididymal spermatozoa as affected by six-hour 

incubation is highlighted in Figure 4.3. No significant (P>0.05) effect was recorded 

between DNA integrity before (Mean = 69 %, SEM = 1 %) and after (Mean = 68 %, 

SEM = 0.6 %) 6 h incubation. 

Intensity of motility of ram epididymal spermatozoa as affected by six-hour 

incubation is depicted in Figure 4.4. Intensity of motility before 6 h incubation 

(Median = 5) was significantly (P<0.0001) higher than after 6 h incubation (Median = 

4). 
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Figure 4.1 Percent Total Motility of Ram Epididymal Spermatozoa as Affected by 
Six-Hour Incubation 
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Figure 4.2 Percent Viability of Ram Epididymal Spermatozoa as Affected by Six-
Hour Incubation 
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Figure 4.3 Percent DNA Integrity of Ram Epididymal Spermatozoa as Affected by 
Six-Hour Incubation 
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Figure 4.4 Intensity of Motility of Ram Epididymal Spermatozoa as Affected by Six-
Hour Incubation. 
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4.1.2   Effect of Extender on Total Motility of Ram Epididymal Spermatozoa 

Percent total motility of ram epididymal spermatozoa as affected by extender 

is shown in Figure 4.5. Total motility (77 ± 2 %) in yolk citrate extender (positive 

control) decreased significantly (P<0.001) by a difference of 21 % in extender devoid 

of BSA and egg yolk (negative control) with corresponding total motility value of 56 

± 2 %.  Subsequently, total motility in the negative control extender increased 

significantly (P<0.001) by differences of 11, 14, 16, 19 and 21 % in 0.3, 1, 5, 10 and 

15 % BSA-based extenders, respectively. Total motility (77 ± 2 %) in the positive 

control extender decreased significantly (P<0.01) by a difference of 10 % in 0.3% 

BSA-based extender. However, total motility (68 ± 2 %) in 0.3 % BSA-based 

extender increased significantly by differences of 8 (P<0.05) and 10 % (P<0.01) in 10 

and 15 % BSA-based extenders, respectively. No significant (P>0.05) differences in 

total motility were observed in comparisons involving the following extenders: 

positive control vs. 1 % BSA, positive control vs. 5 % BSA, positive control vs. 10 % 

BSA, positive control vs. 15 % BSA, 0.3 % BSA vs. 1 % BSA, 0.3 % BSA vs. 5 % 

BSA, 1 % BSA vs. 5 % BSA, 1 % BSA vs. 10 % BSA, 1 % BSA vs. 15 % BSA, 5 % 

BSA vs. 0.3 % BSA, 5 % BSA vs. 1 % BSA, 5 % BSA vs. 10 % BSA, 5 % BSA vs. 

15 % BSA, and 10 % BSA vs. 15 % BSA. 
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Figure 4.5 Percent Total Motility of Ram Epididymal Spermatozoa as Affected by 
Extender 
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4.1.3 Effect of Extender on Membrane Viability of Ram Epididymal Spermatozoa 

Percent viability of ram epididymal spermatozoa as affected by extender is 

presented in Figure 4.6. Viability (68 ± 2 %) in yolk citrate extender (positive control) 

decreased significantly (P<0.001) by a differential of 21 % in extender devoid of BSA 

and egg yolk (negative control) with corresponding total motility value of 47 ± 2 %.  

Subsequently, viability in the negative control extender increased significantly 

(P<0.001) by differentials of 20, 23, 23, 25 and 29 % in 0.3, 1, 5, 10 and 15 % BSA-

based extenders, respectively. Viability (68 ± 2 %) in the positive control extender 

increased significantly (P<0.05) by a differential of 8 % in 15 % BSA-based extender. 

Similarly, viability (67 ± 2 %) in 0.3 % BSA-based extender increased significantly 

(P<0.01) by a differential of 9 % in 15 % BSA-based extenders. No significant 

(P>0.05) differences in viability were observed in comparisons involving the 

following extenders: positive control vs. 0.3 % BSA, positive control vs. 1 % BSA, 

positive control vs. 5 % BSA, positive control vs. 10 % BSA, 0.3 % BSA vs. 1 % 

BSA, 0.3 % BSA vs. 5 % BSA, 0.3 % BSA vs. 10 % BSA, 1 % BSA vs. 0.3 % BSA, 

1 % BSA vs. 5 % BSA, 1 % BSA vs. 10 % BSA, 1 % BSA vs. 15 % BSA, 5 % BSA 

vs. 0.3 % BSA, 5 % BSA vs. 1 % BSA, 5 % BSA vs. 10 % BSA, 5 % BSA vs. 15 % 

BSA, and 10 % BSA vs. 15 % BSA. 
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Figure 4.6 Percent Viability of Ram Epididymal Spermatozoa as Affected by 
Extender 
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4.1.4   Effect of Extender on DNA Integrity of Ram Epididymal Spermatozoa 

DNA integrity of ram epididymal spermatozoa as affected by extender is 

highlighted in Figure 4.7. DNA integrity (73 ± 1 %) in yolk citrate extender (positive 

control) decreased significantly (P<0.001) by a difference of 25 % in extender devoid 

of BSA and egg yolk (negative control) with corresponding DNA integrity value of 

48 ± 1 %.  Subsequently, DNA integrity in the negative control extender increased 

significantly (P<0.001) by differences of 18, 22, 24, 27 and 28 % in 0.3, 1, 5, 10 and 

15 % BSA-based extenders, respectively. DNA integrity (73 ± 1 %) in the positive 

control extender decreased significantly (P<0.01) by a difference of 7 % in 0.3 % 

BSA-based extender. However, DNA integrity (66 ± 1 %) in 0.3 % BSA-based 

extender increased significantly by differences of 6 (P<0.05), 9 (P<0.001) and 10 % 

(P<0.001) in 5, 10 and 15 % BSA-based extenders, respectively. Also, DNA integrity 

(69 ± 1 %) in 1 % BSA-based extender increased significantly by differences of 5 

(P<0.05) and 6 % (P<0.01) in 10 and 15 % BSA-based extenders, respectively. No 

significant (P>0.05) differences in DNA integrity were observed in comparisons 

involving the following extenders: positive control vs. 1 % BSA, positive control vs. 5 

% BSA, positive control vs. 10 % BSA, positive control vs. 15 % BSA, 0.3 % BSA vs. 

1 % BSA, 1 % BSA vs. 5 % BSA, 5 % BSA vs. 10 % BSA, 5 % BSA vs. 15 % BSA, 

and 10 % BSA vs. 15 % BSA. 
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Figure 4.7 DNA Integrity of Ram Epididymal Spermatozoa as Affected by Extender 
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4.1.5 Effect of Extender on Intensity of Motility of Ram Epididymal Spermatozoa 

Before Six-Hour Incubation. 

Intensity of motility of ram epididymal spermatozoa before six-hour 

incubation as affected by extender is depicted in Figure 4.8. Mean of ranks (78.333) 

of intensity of motility in yolk citrate extender (positive control) decreased 

significantly (P<0.01) by a difference of 36.944 in extender devoid of BSA and egg 

yolk (negative control) with corresponding mean of ranks of intensity of motility of 

41.389. However, mean of ranks (41.389) of intensity of motility in negative control 

extender increased significantly (P<0.01) by a difference of 36.139 in 15 % BSA-

based extender with corresponding mean of ranks of intensity of motility of 77.528. 

No significant (P>0.05) differences in mean of ranks of intensity of motility were 

observed in comparisons involving the following extenders: positive control vs. 0.3 % 

BSA, positive control vs. 1 % BSA, positive control vs. 5 % BSA, positive control vs. 

10 % BSA, positive control vs. 15 % BSA, negative control vs. 0.3 % BSA, negative 

control vs. 1 % BSA, negative control vs. 5 % BSA, negative control vs. 10 % BSA, 

0.3 % BSA vs. 1 % BSA, 0.3 % BSA vs. 5 % BSA, 0.3 % BSA vs. 10 % BSA, 0.3 % 

BSA vs. 15 % BSA, 1 % BSA vs. 5 % BSA, 1 % BSA vs. 10 % BSA, 1 % BSA vs. 15 

% BSA, 5 % BSA vs. 10 % BSA, 5 % BSA vs. 15 % BSA, and 10 % BSA vs. 15 % 

BSA. 
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Figure 4.8 Intensity of Motility Before Six-Hour Incubation as Affected by Extender 
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4.1.6 Effect of Extender on Intensity of Motility of Ram Epididymal Spermatozoa 

After Six-Hour Incubation. 

Intensity of motility of ram epididymal spermatozoa after six-hour incubation 

as affected by extender is depicted in Figure 4.9. Mean of ranks (91.694) of intensity 

of motility in yolk citrate extender (positive control) decreased significantly 

(P<0.001) by a differential of 52.944 in extender devoid of BSA and egg yolk 

(negative control) with corresponding mean of ranks of intensity of motility of 

38.750. However, mean of ranks (38.750) of intensity of motility in negative control 

extender increased significantly (P<0.01) by a differential of 41.444 in 15 % BSA-

based extender with corresponding mean of ranks of intensity of motility of 80.194. 

Similarly, mean of ranks (38.417) of intensity of motility in 0.3 % BSA-based 

extender increased significantly (P<0.01) by a differential of 41.777 in 15 % BSA-

based extender. However, mean of ranks (91.694) of intensity of motility in the 

positive control extender decreased significantly (P<0.001) by a differential of 53.277 

in 0.3 % BSA. No significant (P>0.05) differences in mean of ranks of intensity of 

motility were observed in comparisons involving the following extenders: positive 

control vs. 1 % BSA, positive control vs. 5 % BSA, positive control vs. 10 % BSA, 

positive control vs. 15 % BSA, negative control vs. 0.3 % BSA, negative control vs. 1 

% BSA, negative control vs. 5 % BSA, negative control vs. 10 % BSA, 0.3 % BSA vs. 

1 % BSA, 0.3 % BSA vs. 5 % BSA, 0.3 % BSA vs. 10 % BSA, 1 % BSA vs. 5 % 

BSA, 1 % BSA vs. 10 % BSA, 1 % BSA vs. 15 % BSA, 5 % BSA vs. 10 % BSA, 5 % 

BSA vs. 15 % BSA, and 10 % BSA vs. 15 % BSA. 
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Figure 4.9 Intensity of Motility After Six-Hour Incubation as Affected by Extender 
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4.1.7 Effect of Individual Ram on Total Motility of Epididymal Spermatozoa  

Percent total motility of epididymal spermatozoa as affected by individual ram 

is shown in Table 4.1. Mean percent total motility (13 ± 3 %) in Ram 1 increased 

significantly (P<0.05) by differentials of 52, 64, 62, 63, 64, 71, 70, 68, 66, 63, 48, 66, 

50, 51, 56, 64, and 56 % in Ram 2, Ram 3, Ram 4, Ram 5, Ram 6, Ram 7, Ram 8, 

Ram 9, Ram 10, Ram 11, Ram 12, Ram 13, Ram 14, Ram 15, Ram 16, Ram 17 and 

Ram 18, respectively. However, there was a significant (P<0.05) decrease in mean 

percent total motility (84 ± 3 %) of epididymal spermatozoa in Ram 7 by differentials 

of 23, 21, 20, 15 and 15 % in Ram 12, Ram 14, Ram 15, Ram 16, and Ram 18, 

respectively. Total motility (65 ± 3 %) of epididymal spermatozoa in Ram 2 increased 

significantly (P<0.05) by differences of 19, 18 and 16 % in corresponding values 

across Ram 7, Ram 8 and Ram 9, respectively. There were no significant (P>0.05) 

differences in percent total motility of epididymal spermatozoa among Ram 2, Ram 3, 

Ram 4, Ram 5, Ram 6, Ram 10, Ram 11, Ram 13, Ram 16, Ram 17 and Ram 18. 

Similarly, there were no significant (P>0.05) differences in percent total motility of 

epididymal spermatozoa among Ram 2, Ram 12, Ram 14 and Ram 15. 
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Table 4.1: Percent Total Motility of Epididymal Spermatozoa as Affected by 
Individual Ram 
 
Individual Ram 

Total Motility (%) 
Mean SEM 

1 13g 3 
 

2 65def 3 
 

3 77abcde 3 
 

4 75abcde 3 
 

5 76abcde 3 
 

6 77abcde 3 
 

7 84a 3 
 

8 83ab 3 
 

9 81abc 3 
 

10 79abcd 3 
 

11 76abcde 3 
 

12 61f 3 
 

13 79abcd 3 
 

14 63ef 3 
 

15 64ef 3 
 

16 69bcdef 3 
 

17 77abcde 3 
 

18 69cdef 3 
abcdef Different superscripts indicate difference at P<0.05. SEM = Standard Error of the 
Mean. 
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4.1.8 Effect of Individual Ram on Membrane Viability of Epididymal Spermatozoa 
 

Percent viability of epididymal spermatozoa as affected by individual ram is 

presented in Table 4.2. No significant (P>0.05) difference in percent viability of 

epididymal spermatozoa exists among Ram 1, Ram 2, Ram 3, Ram 4, Ram 5, Ram 6, 

Ram 7, Ram 8, Ram 9, Ram 10, Ram 12 and Ram 13. Similarly, no significant 

(P>0.05) difference was recorded among Ram 1, Ram 2, Ram 3, Ram 4, Ram 5, Ram 

6, Ram 7, Ram 8, Ram 10, Ram 11, Ram 12 and Ram 13. However, a significant 

(P<0.05) difference in epididymal spermatozoa viability exists between Ram 9 (61 ± 

2 %) and Ram 11 (74 ± 2 %). 
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Table 4.2: Percent Viability of Epididymal Spermatozoa as Affected by Individual 
Ram 
 
Individual Ram 

Viability (%) 
Mean SEM 

1 68ab 2 
 

2 66ab 2 
 

3 67ab 2 
 

4 68ab 2 
 

5 68ab 2 
 

6 65ab 2 
 

7 63ab 2 
 

8 67ab 2 
 

9 61b 2 
 

10 66ab 2 
 

11 74a 2 
 

12 66ab 2 
 

13 67ab 2 
ab Different superscripts indicate difference at P<0.05. SEM = Standard Error of the 
Mean. 
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4.1.9 Effect of Individual Ram on DNA Integrity of Epididymal Spermatozoa 

DNA integrity of epididymal spermatozoa as affected by individual ram is 

highlighted in Table 4.3. Percent intact DNA integrity of epididymal spermatozoa (73 

± 2 %) in Ram 1 decreased significantly (P<0.05) by differences of 9, 6, 6, 7 and 7 % 

in epididymal spermatozoa of Ram 7, Ram 8, Ram 11, Ram 12 and Ram 14, 

respectively. However, percent intact DNA integrity of epididymal spermatozoa (64 ± 

2 %) in Ram 7 increased significantly (P<0.05) by differences of 9, 7, 6, 7 and 6 % in 

epididymal spermatozoa of Ram 1, Ram 4, Ram 5, Ram 13 and Ram 15, respectively. 

No significant (P>0.05) effect on intact epididymal spermatozoa DNA exists among 

Ram 1, Ram 2, Ram 3, Ram 4, Ram 5, Ram 6, Ram 9, Ram 10, Ram 13 and Ram 15. 

Similarly, no significant (P>0.05) effect on intact epididymal spermatozoa DNA was 

observed among Ram 2, Ram 3, Ram 6, Ram 7, Ram 8, Ram 9, Ram 10, Ram 11, 

Ram 12 and Ram 14. 

 

 

 

 

 

 

 

 

 

 

 

 



 41

 

Table 4.3: DNA Integrity (Percent Intact DNA) of Epididymal Spermatozoa as 
Affected by Individual Ram 
 
Individual Ram 

Intact DNA (%) 
Mean SEM 

1 73a 2 
 

2 67abc 2 
 

3 70abc 2 
 

4 71ab 2 
 

5 70ab 2 
 

6 67abc 2 
 

7 64c 2 
 

8 67bc 2 
 

9 68abc 2 
 

10 67abc 2 
 

11 67bc 2 
 

12 66bc 2 
 

13 71ab 2 
 

14 66bc 2 
 

15 70ab 2 
abc Different superscripts indicate difference at P<0.05. SEM = Standard Error of the 
Mean. 

 

 

 

 

 

 

 



 42

 
4.1.10 Multiple Comparison of Intensity of Epididymal Sperm Motility between 

Individual Rams before 6 h Incubation 

Multiple comparison of intensity of epididymal sperm motility between 

individual rams before 6 h incubation is shown in Table 4.4. The Intensity of 

epididymal sperm motility before 6 h incubation (mean of ranks = 6.786) in Ram 1 

increased significantly by differences of 67.643, 75.214, 75.214, 67.643, 65.786, 

75.214, 75.214, 58.214, 64.357, 57.429 and 65.786 in Ram 4, Ram 5, Ram 6, Ram 7, 

Ram 8, Ram 10, Ram 11, Ram 12, Ram 13, Ram 14 and Ram 17, respectively. All 

other comparisons were not significantly (P>0.05) different. 
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Table 4.4: Multiple Comparison of Intensity of Epididymal Sperm Motility between 
Individual Rams before 6 h Incubation  
Comparison Mean Rank Difference P-Value 
Ram 1 vs. Ram 4 -67.643 P<0.01 

 
Ram 1 vs. Ram 5 -75.214 P<0.001 

 
Ram 1 vs. Ram 6 -75.214 P<0.001 

 
Ram 1 vs. Ram 7 -67.643 P<0.01 

 
Ram 1 vs. Ram 8 -65.786 P<0.01 

 
Ram 1 vs. Ram 10 -75.214 P<0.001 

 
Ram 1 vs. Ram 11 -75.214 P<0.001 

 
Ram 1 vs. Ram 12 -58.214 P<0.05 

 
Ram 1 vs. Ram 13 -64.357 P<0.01 

 
Ram 1 vs. Ram 14 -57.429 P<0.05 

 
Ram 1 vs. Ram 17 -65.786 P<0.01 
All other comparisons not reflected in the table are not significantly (P>0.05) 
different. 
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4.1.11 Multiple Comparison of Intensity of Epididymal Sperm Motility between 

Individual Rams after 6 h Incubation 

Multiple comparison of intensity of epididymal sperm motility between 

individual rams after 6 h incubation is presented in Table 4.5. Intensity of epididymal 

sperm motility after 6 h incubation (mean of ranks = 14.571) in Ram 1 increased 

significantly by differences of 69.500, 77.429, 90.929, 75.857 and 70.500 in Ram 3, 

Ram 4, Ram 5, Ram 10 and Ram 13, respectively. However, intensity of epididymal 

sperm motility after 6 h incubation (mean of ranks = 105.500) in Ram 5 decreased 

significantly (P<0.05) by a difference of 68.071 in Ram 16. 
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Table 4.5: Multiple Comparison of Intensity of Epididymal Sperm Motility between 
Individual Rams after 6 h Incubation 
Comparison Mean Rank Difference P-Value 
Ram 1 vs. Ram 3 -69.500 P<0.05 

 
Ram 1 vs. Ram 4 -77.429 P<0.01 

 
Ram 1 vs. Ram 5 -90.929 P<0.001 

 
Ram 1 vs. Ram 10 -75.857 P<0.01 

 
Ram1 vs. Ram 13 -70.500 P<0.05 

 
Ram 5 vs. Ram 16 68.071 P<0.05 
 All other comparisons not reflected in the table are not significantly (P>0.05) 
different. 
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4.1.12 Interactive Effect of Incubation and Individual Ram on Total Motility of 

Epididymal Spermatozoa 
 

The interactive effect of incubation and individual ram on percent total motility 

of epididymal spermatozoa is depicted in Table 4.6. Total epididymal spermatozoa 

motility in Ram 1 before 6 h incubation was significantly (P<0.05) different when 

compared with corresponding total motility values across all rams. Total motility 

before 6 h incubation was not significantly (P>0.05) different among Ram 2, Ram 3, 

Ram 4, Ram 5, Ram 6, Ram 7, Ram 8, Ram 9, Ram 10, Ram 11, Ram 13, Ram 14, 

Ram 15, Ram 16, Ram 17 and Ram 18. Similarly, total motility before 6 h incubation 

was not statistically (P>0.05) significant among Ram 2, Ram 3, Ram 4, Ram 6, Ram 

9, Ram 10, Ram 12, Ram 13, Ram 14, Ram 15, Ram 16, Ram 17 and Ram 18. 

However, total epididymal sperm motility before 6 h incubation in Ram 12 increased 

significantly (P<0.05) by differences of 22, 24, 24 and 23 % in Ram 5, Ram 7, Ram 8 

and Ram 11, respectively. Total motility in Ram 1 after 6 h incubation was 

significantly (P<0.05) different when compared with corresponding values across all 

rams. Epididymal sperm total motility after 6 h incubation was not significantly 

(P>0.05) different among Ram 2, Ram 3, Ram 4, Ram 5, Ram 6, Ram 8, Ram 9, Ram 

10, Ram 11, Ram 12, Ram 13, Ram 16, Ram 17 and Ram 18. Also, epididymal sperm 

total motility after 6 h incubation was not significantly (P>0.05) different among Ram 

3, Ram 4, Ram 5, Ram 6, Ram 7, Ram 8, Ram 9, Ram 10, Ram 11, Ram 12, Ram 13, 

Ram 16, Ram 17 and Ram 18. Similarly, no significant (P>0.05) difference in 

epididymal sperm total motility after 6 h incubation exists among Ram 2, Ram 4, Ram 

5, Ram 6, Ram 10, Ram 11, Ram 12, Ram 14, Ram 15, Ram 16, Ram 17 and Ram 18. 

However, epididymal sperm total motility after 6 h incubation in Ram 7 decreased 
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significantly (P<0.05) by differentials of 28 and 25 % in Ram 14 and Ram 15, 

respectively. 

Table 4.6: Interactive Effect of Incubation and Individual Ram on Percent Total 
Motility of Epididymal Spermatozoa 
 
Incubation 

 
Individual Ram 

Total Motility (%) 
Mean SEM 

Before 6 h 1 20f 4 
 2 69abcde 2 
 3 75abcde 6 
 4 76abcde 2 
 5 82ab 2 
 6 77abcd 2 
 7 84a 1 
 8 84a 2 
 9 81abc 2 
 10 80abcd 2 
 11 83a 2 
 12 60cde 9 
 13 79abcd 5 
 14 72abcde 3 
 15 69abcde 6 
 16 70abcde 6 
 17 78abcd 8 
 18 67abcde 5 
After 6 h 1 5f 1 
 2 60bcde 6 
 3 79abcd 2 
 4 74abcde 1 
 5 70abcde 2 
 6 77abcde 3 
 7 83a 1 
 8 82ab 2 
 9 82ab 3 
 10 77abcde 4 
 11 70abcde 4 
 12 62abcde 4 
 13 78abcd 2 
 14 55e 6 
 15 58de 3 
 16 69abcde 7 
 17 75abcde 5 
 18 71abcde 6 
abcde Different superscripts indicate difference at P<0.05. SEM = Standard Error of the 
Mean. 
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4.1.14 Interactive Effect of Incubation and Individual Ram on Membrane Viability of 
Epididymal Spermatozoa 

The interactive effect of incubation and individual ram on percent viability of 

epididymal spermatozoa is depicted in Table 4.7. No statistically (P>0.05) significant 

differences were noted in percent viability of epididymal sperm before 6 h incubation 

among all rams. Similarly, percent viability of epididymal spermatozoa after 6 h 

incubation was not significantly (P>0.05) different among Ram 1, Ram 2, Ram 3, 

Ram 4, Ram 5, Ram 6, Ram 7, Ram 8, Ram 10, Ram 11, Ram 12 and Ram 13. Also, 

epididymal sperm viability after 6 h incubation was not significantly (P>0.05) 

different among Ram 2, Ram 3, Ram 4, Ram 4, Ram 5, Ram 6, Ram 7, Ram 8, Ram 

9, Ram 10, Ram 12 and Ram 13. However, percent viability of epididymal sperm 

after 6 h incubation in Ram 1 was significantly (P<0.05) higher than its corresponding 

value in Ram 9 by a difference of 18 %. On the other hand, percent viability of 

epididymal sperm after 6 h incubation in Ram 9 was significantly (P<0.05) lower than 

its corresponding value in Ram 11 by a difference of 21 %. 
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Table 4.7: Interactive Effect of Incubation and Individual Ram on Percent Viability of 
Epididymal Spermatozoa 
 
Incubation 

 
Individual Ram 

Viability (%) 
Mean SEM 

Before 6 h 1 62ab 4 
 2 69ab 4 
 3 69ab 3 
 4 67ab 3 
 5 75a 5 
 6 70ab 4 
 7 64ab 5 
 8 66ab 4 
 9 66ab 3 
 10 73ab 5 
 11 72ab 5 
 12 64ab 7 
 13 68ab 4 
After 6 h 1 74a 3 
 2 62ab 5 
 3 65ab 7 
 4 70ab 3 
 5 62ab 5 
 6 60ab 3 
 7 63ab 3 
 8 67ab 4 
 9 56b 5 
 10 60ab 2 
 11 77a 7 
 12 68ab 6 
 13 67ab 4 
ab Different superscripts indicate difference at P<0.05. SEM = Standard Error of the 
Mean. 
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4.2 DISCUSSION 

Freezing-free preservation is a potential alternative to the conventional method 

of spermatozoa preservation (Nang et al., 2011). Epididymal spermatozoa have now 

become an alternative for the ejaculated semen which was popularly preserved to 

keep the genetic traits of superior male animals (Foote, 2000). Perhaps because of its 

easier access and availability at the local slaughter house makes it possible to be 

harnessed and processed for assisted reproductive biotechnology. 

Epididymal spermatozoa recovered from the epididymides which have been 

preserved at room temperature or 5°C has been reported in bull (Martins et al., 2009), 

boar (Kikuchi et al., 1998), stallion (Muradás et al., 2006), cat (Tittarelli et al., 2006), 

and dog (Toyonaga et al., 2011). The beneficial effect of refrigeration on various 

parameters of sperm quality, especially motility, may be due to the reduced metabolic 

rate of sperm cells when it is preserved at 5 oC (Salamon and Maxwell, 2000). This in 

agreement with results of the current work where ram cauda epididymal spermatozoa 

preserved at 5 oC showed significant acceptable changes in spermatozoa quality 

parameters. 

Egg yolk is generally accepted to be an effective agent in semen diluents for 

protection of spermatozoa against cold shock and lipid phase transition effects 

(Drobnis et al., 1993; Matsuoka et al., 2006). Despite this role of egg yolk, it exhibits 

variability in terms of sources and lack consistency in semen diluents due to 

nutritional and environmental differences of the chickens that produced the eggs. 

Moreover, it is an important source of pathogens such as viruses and bacteria 

(Bousseau et al., 1998). Therefore, it is imperative to develop a synthetic extender 

that is devoid of egg yolk and has similar or better functions than the conventional 
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semen extender (Matsuoka et al., 2006). Bovine serum albumin was identified as one 

of the suitable compounds that will overcome in the spermatozoon structural, 

biochemical and functional changes caused by cold shock and provide it with sources 

of energy and effective protection (Osman et al., 2012). Bovine Serum Albumin has 

also been used as a substitute for egg yolk in the preservation of rainbow trout and 

turkey spermatozoa (Bakst and Cecil 1992; Cabrita et al., 2001). In the current study, 

BSA-based extenders were similar or superior to the yolk-based positive control in 

terms of quality parameters. This implies that BSA could replace egg yolk without 

detrimental effects to quality parameters of ram epididymal spermatozoa.  

The protective properties of BSA on sperm plasma membrane were also 

reported in dog (Risopatron et al., 2002), mouse (Van Thuan et al., 2005) and bull 

(Nang et al., 2011). It is possible that BSA increased the stability of membrane 

structure (Blank et al., 1976) or acted as an antioxidant to protect spermatozoa from 

destruction by free radicals produced as a result of oxidative stress during 

preservation (Uysal and Bucak, 2007). Development of Intra-Cytoplasmic Sperm 

Injection-derived embryos improved when mouse spermatozoa were preserved in 

medium supplemented with BSA (Li et al., 2011). Van Thuan et al. (2005) 

have successfully produced healthy rat offspring using spermatozoa preserved in 

medium containing BSA, indicating that BSA exerts protective effect on spermatozoa 

DNA. This effect might explain the extended survivability of ram cauda epididymal 

spermatozoa preserved at refrigeration temperature as revealed in the present study. 

Moreover, the similarity in terms of DNA integrity between spermatozoa in the yolk-

based positive control and other BSA-based extenders could be as a result of the DNA 

protective effect of BSA.  
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Osman et al. (2012) speculated that at lower concentration, BSA was not 

efficient in providing enough energy and antioxidant protection to the stored 

spermatozoa. In addition, Fukui et al. (2007) reported that semen extenders containing 

BSA without egg yolk result in an acceptable fertility which is similar to that achieved 

with an extender containing egg-yolk. This implies that supplementation of an 

appropriate amount of BSA to the extender will profoundly help in the use of ram 

cauda epididymal spermatozoa preserved above freezing point in artificial 

insemination programmes. However, the major drawback of freezing-free 

preservation is the short-term preservation period. 

Long term cold storage of spermatozoa may lead to a reduction in their 

motility and damage to the integrity of their membranes and morphology (Jarosz et al.

, 2016). Some researchers suggested that these changes might be attributed to the 

accumulation of toxic products of metabolism, especially reactive oxygen species 

(ROS) (Santos et al., 2008). Oxidative stress originating from the generation of ROS 

causes structural damage to cellular components. Irrespective of the extender used, 

conditions, temperature of storage, and extension rate, the quality of spermatozoa 

deteriorates as the duration of storage increases (Salamon and Maxwell, 2000). 

Findings from this work showed significant reduction in percent total motility, percent 

viability and intensity of motility after 6 h incubation. Moreover, the reduction in 

spermatozoa quality parameters after 6 h incubation might be due to the death of some 

sperm cells which in turn cause inhibitory actions against the remaining cells with an 

overall effect on quality parameter. It might also be associated with the delicate and 

sensitive nature of epididymal spermatozoa compared to their ejaculated counterpart 

due to the lack of seminal plasma which contains natural antioxidants (El-Harairy et 

al., 2016). 
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Variation in quality of cauda epididymal sperm cells recovered post-mortem 

has been ascribed to handling conditions or species differences (Lubbe et al., 2000; 

Bertol et al., 2013). However, other studies have recorded that quality of epididymal 

spermatozoa varied according to climatic conditions and temperature (Lone et 

al., 2011). Moreover, Hafez and Hafez (2000) reported that age of the ram and body 

condition, season of the year, skill of the technician and the frequency of collection 

affected the ejaculate volume. The current study showed that variation in percent total 

motility and percent viability of epididymal spermatozoa was explained by the 

interaction between incubation and individual rams. Moreover, there were individual 

differences among rams in terms of percent total motility, percent viability, percent 

intact DNA and intensity of motility before and after 6 h incubation. Nutritional status 

of the rams could account for the individual differences that exist in the spermatozoa 

quality parameters. Also, breed and age could also explain these differences. 
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CHAPTER FIVE 

5.0 SUMMARY, CONCLUSION AND RECOMMENDATIONS 

5.1 SUMMARY 

The purpose of this study was to evaluate the effect of bovine serum albumin, 

incubation and individual ram on some quality parameters of ram cauda epididymal 

spermatozoa preserved at refrigeration temperature (50C). Quality parameters like 

percent total motility, percent viability, percent intact DNA integrity and intensity of 

motility were evaluated. Intact scrotal sample collected from one apparently healthy 

ram of ≥ 3 years of age was sampled per abattoir visit. Three weekly abattoir visits 

were made consecutively throughout a duration of six weeks. Intact scrotum was 

obtained and transported to the laboratory. After dissection, spermatozoa were 

harvested from the cauda epididymis and evaluated for quality parameters (total 

motility, intensity of motility, DNA integrity and viability) before and after six-hour 

of incubation. Findings from this work showed that extender supplemented with 

bovine serum albumin had better performance in preserving quality of refrigerated 

ram cauda epididymal spermatozoa compared to extender devoid of BSA. Therefore, 

BSA is a promising replacement for egg yolk in the preservation of ram epididymal 

spermatozoa. 

5.2 CONCLUSION 

Percent total motility, percent viability, percent intact DNA integrity and 

intensity of motility of ram epididymal spermatozoa decreased after 6-hour 

incubation. Yolk-citrate extender had similar performance with 1, 5, 10 and 15 % 
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BSA-based extenders in terms of preservation of percent total motility and percent 

intact DNA of ram epididymal spermatozoa. Individual differences exist among rams 

in terms of percent total motility, percent viability, percent intact DNA integrity and 

intensity of motility of ram epididymal spermatozoa before and after 6 h incubation at 

5 oC. Variations in percent total motility and percent viability of epididymal 

spermatozoa were explained by the interaction between incubation and individual 

rams. 

5.3 RECOMMENDATIONS 

The following recommendations were made:  

1. BSA (1 to 15%) should be used as a replacement for egg- yolk in the 

dilution of ram cauda epididymal spermatozoa. 

2. Assess lipid peroxidation of the sperm cells at the various levels of BSA 

incubation. 

3. Acrosomal integrity assessment at various levels of BSA incubation. 

4. Reactive oxygen species (ROS) assessment. 

5. Further studies should be carried out on prolonging the incubation 

durations from 6 hours to 9 hours or 12 hours. 

6. The in vitro and in vivo fertility of ram cauda epididymal spermatozoa 

extended in BSA-based diluents should be assessed in future studies. 

 

 

 

 



 56

 

 

 

 

REFERENCES 

Abdel-Rahman, H.A., El-Belely, M.S., Al-Qarawi, A.A. and El-Mougy, S.A. (2000). The 

Relationship between Semen Quality and Mineral Composition of Semen in 

Various Ram Breeds. Small Ruminant Research, 38: 45-49. 

Abdel-Raouf, M. and El-Naggar, M.A. (1976). Studies on Reproduction in Camels 

(Camelus dromedarius). Properties and Constituents of Ejaculated Semen. In: 

Proceedings of the 8th International Congress on Animal Reproduction and 

Artificial Insemination Held in Cracow, Poland. 

Abdussamad, A.M., Gauly, M. and Holtz, W. (2015). Temporary Storage of Bovine 

Semen Cryopreserved in Liquid Nitrogen on Dry Ice and Refreezing of Frozen-

thawed Semen. Cryoletters, 36(4): 278-284. 

Abu, A.H., Kisani, A.I. and Ahemen, T. (2016). Evaluation of Sperm Recovered after 

Slaughter from Cauda Epididymides of Red Sokoto Bucks. Veterinary World, 

9(12): 1440-1444. 

Abu-Erreish, G., Magnes, L. and Li, T.K. (1978). Isolation and Properties of Superoxide 

Dismutase from Ram Spermatozoa and Erythrocytes. Biology of Reproduction, 

18: 554-560. 

Adu, I.F. and Ngere, L.O. (1979). The Indigenous Sheep of Nigeria. World Review of 

Animal Production, 15(3): 51-62. 

Agarwal, A., Allamaneni, S.S., Nallella, K.P., George, A.T. and Mascha, E. (2005). 

Correlation of Reactive Oxygen Species Levels with the Fertilization Rate after In 

Vitro Fertilization: A Qualified Meta-analysis. Fertility and Sterility, 84: 228-231. 

Aisen, E.G., Medina, V.H. and Venturino, A. (2002). Cryopreservation and Post-thawed 

Fertility of Ram Semen Frozen in Different Trehalose Concentrations. 

Theriogenology, 57: 1801-1808. 

Ajala, M.K., Gefu, J. O. and Okaiyeto, P.O. (2003, March). Socio-Economic Factors 

Influencing Small Ruminant Management Practices in Giwa LGA, Kaduna State, 

Nigeria. In: Proceedings of the 28th Annual Conference of the Nigerian Society of 



 57

Animal Production Held at Institute of Agricultural Research and Training, 

Ibadan, Nigeria. 

 

Alvarez, J.G. and Storey, B.T. (1983). Taurine, Hypotaurine, Epinephrine and Albumin 

Inhibit Lipid Peroxidation in Rabbit Spermatozoa and Protect against Loss of 

Motility. Biology of Reproduction, 29: 548-555. 

Alvarez, J.G. and Storey, B.T. (1989). Role of Glutathione Peroxidase in Protecting 

Mammalian Spermatozoa from Loss of Motility Caused by Spontaneous Lipid 

Peroxidation. Gamete Research, 23: 77-90. 

Alvarez, J.G., Touchstone, J.C., Blasco, L. and Storey, B.T. (1987). Spontaneous Lipid 

Peroxidation and Production of Hydrogen Peroxide and Superoxide in Human 

Spermatozoa. Superoxide Dismutase as Major Enzyme Protectant against Oxygen 

Toxicity. Journal of Andrology, 8: 338-348. 

Amann, R.P. (1989). Can Fertility Potential of a Seminal Sample be Predicted 

Accurately? Journal of Andrology, 10(2): 89-98. 

Amidi, F., Farshad, A. and Khor, A.K. (2010). Effects of Cholesterol Loaded 

Cyclodextrin during Freezing Step of Cryopreservation with Tris-Citrate Glucose 

Yolk (TCGY) Extender Containing Bovine Serum Albumin on Quality of Goat 

Spermatozoa. Cryobiology, 61: 94-99. 

Amorim, E.A.M., Graham, J.K., Spizziri, B., Meyers, M. and Torres, C.A.A. (2009). 

Effect of Cholesterol or Cholesteryl Conjugates on the Cryosurvival of Bull 

Sperm. Cryobiology, 58: 210-214.  

Anel, L., Alvarez, M., Martinez-Pastor, F., Garcia-Macias, V., Anel, E. and de Paz, 

P. (2006). Improvement Strategies in Ovine Artificial Insemination. Reproduction 

in Domestic Animals, 41(2): 30-42. 

Anghel, A., Zamfirescu, S., Dragomir, C., Nadolu, D., Elena, S. and Florica, B. (2010). 

The Effects of Antioxidant on the Cytological Parameters of Cryopreserved Buck 

Semen. Romanian Biotechnological Letters, 15(3): 26-32. 

Anouassi, A., Adnani, M. and Raed, E.L. (1992, February). Artificial Insemination in the 

Camel Requires Induction of Ovulation to Achieve Pregnancy. In: Proceedings of 

the 1st International Camel Conference Held in Dubai, United Arab Emirates. 

Archana, P., Katiyar, R.S., Sharma, D.N. and Farooqui M.M. (2008). Age Associated 

Changes in the Histochemistry of Vas Deferens in Gaddi Goat (Capra hircus). 

Indian Journal of Animal Science, 78(7): 714-717. 



 58

Asher, G.W., Berg, D.K. and Evans, G. (2000). Storage of Semen and Artificial 

Insemination in Deer. Animal Reproduction Science, 62: 195-211. 

Aye, P.A. (2004). Feeding Requirement of Sheep Reared under Humid Environment 

(Unpublished master’s dissertation). Federal University of Technology, Akure. 

Ball, B.A. (2008). Oxidative Stress, Osmotic Stress and Apoptosis: Impacts on Sperm 

Function and Preservation in the Horse. Animal Reproduction Science, 107: 257-

267. 

Ball, B.A., Medina, V., Gravance, C.G. and Baumber, J. (2001). Effects of Antioxidants 

on Preservation of Motillity, Viability and Acrosomal Integrity of Equine 

Spermatozoa during Storage at 5oC. Theriogenology, 56: 577-589.  

Barkst, M.R., and Cecil, H.C. (1992). Effect of Bovine Serum Albumin on Motility and 

Fecundity of Turkey Spermatozoa Before and After Storage. Journal of 

Reproduction and Fertility, 94: 287-293. 

Beconi, M.T., Francia, C.R., Mora, N.G. and Affranchino, M.A. (1993). Effect of Natural 

Antioxidants on Frozen Bovine Semen Preservation. Theriogenology, 40: 841-

851. 

Bedford, J.M. (1967). Effect of Duct Ligation on the Fertilizing Ability of Spermatozoa 

in the Epididymis of the Rabbit.  Journal of Experimental Zoology, 166 (2): 271-

81.  

Beguelini, M.R., Bruno, F.S., Sergio, Fabio, L.J., Leme, Sebastiao, R. and Taboga 

Morielle-Versute, E. (2010). Morphological and Morphometric Characteristics of 

the Epididymis in the Neotropical Bats Eumops glaucinus and Molossus molossus 

(Chiroptera: Molossidae). Chiroptera Neotropical, 16 (2): 769-779. 

 Bertol, M.A.F., Weiss, R.R., Thomaz-Soccol, V., Kozicki, L.E., Fujita, A.S., Azevedo, 

D.R. and Green, K.T. (2013). Viability of Bull Spermatozoa Collected from the 

Epididymis Stored at 18-20°C. Brazilian Archives of Biology and Technology, 

56(5): 777-783. 

Beu, C.C., Orsi, A.M. and Domeniconi, R.F. (2009). Structure of the Lining Epithelium 

of the Cauda Epididymis of the Golden Hamster. Anatomia, Histologia and 

Embryologia, 38(1): 49-57. 

Billah, M. and Skidmore, J.A. (1992, February). The Collection, Evaluation and Deep-

Freezing of Dromedary Camel Semen. In: Proceedings of the First International 

Camel Conference Held in Dubai United Arab Emirates. 



 59

Blackburn, H.D. (2004). Development of National Animal Genetic Resource Programs. 

Reproduction, Fertility and Development, 16: 27-32. 

Blank, M., Soo, L. and Butten, J.S. (1976). Adsorption of Albumin on Rabbit Sperm 

Membranes. Journal of Membrane Biology, 29: 401-409. 

Blash, S., Melican, D. and Gavin, W. (2000). Cryopreservation of Epididymal Sperm 

Obtained at Necropsy from Goats. Theriogenology, 54: 899-905. 

Blesbois, E. and Caffin, J.P. (1992). ‘Serum Like’ Albumin of Fowl Seminal Plasma and 

Effects of Albumin on Fowl Spermatozoa Stored at 4°C. British Poultry Science, 

33(3): 663-670. 

Bollwein, H., Fuchs, I. and Koess, C. (2008). Interrelationship between Plasma Membran

e Integ-rity, Mitochondrial Membrane Potential and DNA Fragmentation in 

Cryopreserved Bovine Spermatozoa. Reproduction in Domestic Animals, 43: 189-

195. 

Bousseau, S., Brillard, J. P., Marguant-Le Guienne, B., Guérin, B., Camus, A. and 

Lechat, M. (1998). Comparison of Bacteriological Qualities of Various Egg Yolk 

Sources and the In vitro and In vivo Fertilizing Potential of Bovine Semen Frozen 

in Egg Yolk or Lecithin Based Diluents. Theriogenology, 50(5): 699-706. 

Bravo, P.W., Skidmore, J.A. and Zhao, X.X. (2000). Reproductive Aspects and Storage 

of Semen in Camelidae. Animal Reproduction Science, 62: 173-193. 

Cabrita, E., Anel, L., and Herraéz, M. P. (2001). Effect of External Cryoprotectants as 

Membrane Stabilizers on Cryopreserved Rainbow Trout Sperm. Theriogenology, 

56 (4): 623-635. 

Chaveiro, A., Cerqueira, C., Silva, J., Franco, J. and Moreira da Silva, F. 

(2015). Evaluation of Frozen-thawed Cauda Epididymal Sperms and In vitro 

Fertilizing Potential of Bovine Sperm Collected from the Cauda Epididymal. 

Iranian Journal of Veterinary Research 16(2): 188-193. 

Chen, B.X., Zhao, X.X. and Huang, Y.M., (1990, September). Freezing Semen and 

Artificial Insermination in the Bactrian Camels (Camelus bactrianus). In: 

Proceedings of the Workshop “Is It Possible to Improve the Reproductive 

Performance of the Camel?” Held at Department d’Elevage et de Medicine 

Veterinaire (EMVT), CIRAD, Maison-Alfort, Paris. 

Chen, Y., Foote, R.H. and Brokett, C.C. (1993). Effect of Sucrose, Trehalose, 

Hypotaurine, Taurine and Blood Serum on Survival of Frozen Bull Sperm. 

Cryobiology, 30(4): 423-431. 



 60

Çoyan, K., Başpınar, N., Bucak, M.N. and Parker, P.A. (2011). Effects of Cysteine and 

Ergothioneine on Post-thawed Merino Ram Sperm and Biochemical Parameters. 

Cryobiology, 63: 1-6.  

David-West, K.B. (1985, October). Role of Government in Small Ruminant Production. 

In: Proceedings of National Conference on Small Ruminant Production Held at 

National Animal Production Research Institute (NAPRI), Shika, Ahmadu Bello 

University, Zaria, Nigeria. 

De Lamirande, E. and  Gagnon, C. (1993). A Positive Role for the Superoxide Anion in 

Triggering Hyperactivation and Capacitation of Human Spermatozoa. 

International Journal of Andrology, 16: 21-25. 

Del Campo, M.R., Del Campo, C.H., Donoso, M.X., Berland, M. and Mapletoft, R.J. 

(1994). In Vitro Fertilization and Development of Ilama (Lama glama) Oocytes 

Using Epididymal Spermatozoa and Oviductal Cell Co-culture. Theriogenology, 

41: 1219-1229. 

Dott, H.M. and White, I.G. (1964). Effect of Potassium on Ram Spermatozoa Studied by 

A Flow Dialysis Technique. Journal of Reproduction and Fertility, 7: 127-131. 

Drobnis, E.Z., Crowe, L.M., Berger, T., Anchordoguy, T.J., Overstreet, J.W. and Crowe, 

J.H. (1993). Cold Shock Damage is Due to Lipid Phase Transitions in Cell 

Membranes: A Demonstration Using Sperm as a Model. Journal of Experimental 

Zoology, 265(4): 432-437. 

Druart, X., Cognie, J., Baril, G., Clement, F., Dacheux, J.L. and Gatti, J.L. (2009). In 

Vivo Imaging of in situ Motility of Fresh and Liquid Stored Ram Spermatozoa in 

the Ewe Genital Tract. Reproduction, 138(1): 45-53. 

Dyce, K.M., Sack, W.O. and Wensing, C.J.G. (2002). Textbook of Veterinary Anatomy. 

3rd Edn., Philadelphia, U.S.A.: Walter Burns Saunders Company. 

El-Harairy, M.A., Abdel-Razek, I.M., Abdel-Khalek, E.A., Shamiah, S.M., Zaghloul, 

H.K. and Khalil, W.A. (2016). Effect of Antioxidants on the Stored Dromedary 

Camel Epididymal Sperm Characteristics. Asian Journal of Animal Sciences, 10: 

147-153. 

El-kon, I.I., Heleil, B.A. and Mahmoud, S.A. (2011). Effect of Age and Season on the 

Testicular Sperm Reserve and Testosterone Profile in Camel (Camelus 

dromedarius). Animal Reproduction, 8: 68-72.  



 61

Fakoya, E.O. (2007). Utilization of Crop and Livestock Production Systems for 

Sustainable Agriculture in Oyo State, Nigeria. Journal of Social Science, 15 (1): 

31-33.  

FAOSTAT (2017). Food and Agriculture Organization of the United Nation Statistical 

Database. Retrieved from  

http://www.fao.org/faostat/en/#data/QA/visualize 

Foote, R.H. and Igboeli, G. (1968). Maturational Changes in Bull Epididymal 

Spermatozoa. Journal of Dairy Science, 10: 1703-1705.   

Foote, R.H. (2000). Fertilizing Ability of Epididymal Sperm from Dead Animals. Journal 

of Andrology, 21 (3): 355. 

Foote, R.H. (2002). The History of Artificial Insemination: Selected Notes and Notables.  

Journal of Animal Science, 80(10): 1-10.  

Fukui, Y., Kohno, H., Togari, T. and Hiwasa, M. (2007). Fertility of Ewes Inseminated 

Intrauterinally with Frozen Semen using Extender Containing Bovine Serum 

Albumin. Journal of Reproduction and Development, 53(4): 956-962. 

Fukuzuwa, K., Saitoh, Y., Akai, K……Shibata, A. (2005). Antioxidant Effect of Bovine 

Serum Albumin on Membrane Lipid Peroxidation Induced by Iron Chelate and 

Superoxide. Biochimica et Biophysica Acta, 1668: 145-155  

Gadea, J., Molla, M., Selles, E., Marco, M., Garcia-Vazquez, F. and Gardon, J. (2011). 

Reduced Glutathione Content in Human Sperm is Decreased after 

Cryopreservation: Effect of the Addition of Reduced Glutathione to the Freezing 

and Thawing Extenders. Cryobiology, 62: 40-46. 

GarcíaÁlvarez, O., MarotoMorales, A., MartínezPastor, F….Soler, A.J. (2009). Sperm 

Characteristics and In vitro Fertilization ability of Thawed Spermatozoa from 

Black Manchega Ram: Electroejaculation and Post-mortem Collection. 

Theriogenology, 72: 160-168. 

Gatenby, R.M. (2002). Sheep Production in the Tropics and Sub-Tropics. 2nd Edn., 

London, U.K.: Macmillan Education, (Sheep Tropical Agricultural Series). 

Graham, L.H., Bando, J., Gray, C. and Buhr, M.M. (2004). Liquid Storage of Asian 

Elephant (Elephas maximus) Sperm at 4oC. Animal Reproduction Science, 80: 

329-340. 

Hafez, B. and Hafez, E.S.E. (2000). Reproduction in Farm Animals. 7th Edn., New York, 

U.S.A.: Lippincott, Williams and Wilkins. 



 62

Hamamah, S. and Gatti, J.L. (1998). Role of the Ionic Environment and Internal pH on 

Sperm Activity. Human Reproduction and Embryology, 13(4): 20-30. 

Harrison, R.A.P., Dott, H.M. and Foster, G.C. (1982). Bovine Serum Albumin Sperm 

Motility and the Dilution Effect. The Journal of Experimental Zoology, 222: 81-

88. 

Holt, W.V. (2000). Basic Aspects of Frozen Storage of Semen. Animal Reproduction 

Science, 62: 3-22.  

Homeida, A.M., Al-Eknah, M.M., Ismail, T.S. and Al-Haider, A.K. (2001).  A New 

Technique for Collection of Semen from Dromedary Camel. Emirates Journal of 

Agricultural Sciences, 13: 18-22. 

Hossain, M.S., Hyeong L.J., Miah, A.G. and Tsujii, H. (2007). Effect of Fatty Acids 

bound to Bovine Serum Albumin-V on Acrosome Reaction and Utilization of 

Glucose in Boar Spermatozoa. Reproductive Medicine and Biology, 6: 109-115. 

Iguer-ouada, M. and Verstegen, J.P. (2001). Long Term Preservation of Chilled Canine 

Semen: Effect of Commercial and Laboratory Prepared Extenders. 

Theriogenology, 55: 671–684. 

Isachenko, E., Isachenko, V., Katkov, I.I., Dessole, S. and Nawroth, F. (2003). 

Vitrification of Mammalian Spermatozoa in the Absence of Cryoprotectants: 

From Past Practical Difficulties to Present Success. Reproductive Biomedicine 

Online, 6(2) 191-200. 

Iyayi, E.A. and Tona, G.O. (2004). Management Practices among Small Holders of 

Sheep, Goats and Pigs in Derived Savannah Zone in Oyo State, Nigeria. Nigerian 

Journal of Animal Production, 31: 86-93. 

Jeyendran, R.S., Van der Ven, H.H., Perez-Pelaez, M., Crabo, B.G. and Zaneveld, 

L.J. (1984). Development of an Assay to Assess the Functional Integrity of the 

Human Sperm Membrane and Its Relationship to other Semen Characteristics. 

Journal of Reproduction and Fertility, 70 (1): 219-228. 

James, A.N., Green, H., Hoffman, S., Landry, A.M., Paccamonti, D. and Godke, R.A. 

(2002). Preservation of Equine Sperm Stored in the Epididymis at 4°C for 24, 48, 

72 and 96 h. Theriogenology, 58: 401-404. 

Jansen, N., Goldstein, M., Schiegel, P.N., Palermo, G.D. and Rosenwaks, Z. (2000). Use 

of Electively Cryopreserved Microsurgically Aspirated Epididymal Sperm with In 

Vitro Fertilization and Intracytoplasmic Sperm Injection for Obstructive 

Azoospermia. Fertility and Sterility, 74: 696-701. 



 63

Jarosz, Ł., Grądzki, Z., Kalinowski, M., and Laskowska, E. (2016). Quality of Fresh and 

Chilled-Stored Raccoon Dog Semen and Its Impact on Artificial Insemination 

Efficiency. BMC Veterinary Research, 12: 224-234. 

 Johnson, R.F. (1999). The Stockman's Handbook. 2nd Edn., Illinois, U.S.A.: Interstate 

Publishers, (Animal Agriculture Series). 

Kaabi, M., Alvarez, M., Anel, E., Chamorro, C.A., Boixo, J.C., de Paz, P. and Anel, L. 

(2006). Influence of Breed and Age on Morphometry and Depth of Inseminating 

Catheter Penetration in the Ewe Cervix: A Postmortem Study. Theriogenology, 

66: 1876-1883. 

Kaabi, M., Paz, P., Alvarez, M., Ariel, E………and Ariel, L. (2003). Effects of 

Epididymis Handling Conditions on the Quality of Ram Spermatozoa Recovered 

Postmortem. Theriogenology, 60(7): 1249-1259. 

Kefer, J.C., Agarwal, A. and Sabanegh, E. (2009). Role of Antioxidants in the Treatment 

of Male Infertility. International Journal of Urology, 16: 449-457. 

Kikuchi, K., Nagai, J., Kashiwazaki, N., Ikeda, H., Noguchi, J.O. and Shimada, A. 

(1998). Cryopreservation and Ensuing In Vitro Fertilization Ability of Boar 

Spermatozoa from Epididymides Stored at 5°C. Theriogenology, 50: 615-623. 

Klem, Jr. M.E., Kreider, J.L., Pruitt, J.B. and Potter, D.G. (1986). Motility and Fertility of 

Equine Spermatozoa Extended in Bovine Serum Albumin and Sucrose. 

Theriogenology, 26: 569-576. 

Kreider, J.L., Tindall, W.C. and Potter, G.D. (1985). Inclusion of Bovine Serum Albumin 

in Semen Extenders to Enhance Maintenance of Stallion Sperm Viability. 

Theriogenology, 23: 399-408. 

Kundu, C.N., Das, K. and Majumder, G.C. (2001). Effect of Amino Acids on Goat Cauda 

Epididymal Sperm Cryopreservation using a Chemically Defined Model System. 

Cryobiology, 41: 21-27.  

Li, C., Mizutani, E., Ono, T., Terashita, Y., Jia X., Shi, H. and Wakayama, T. (2011). 

Intra-Cytoplasmic Sperm Injection with Mouse Spermatozoa Preserved without 

Freezing for Six Months Can Lead to Full-term Development. Biology of 

Reproduction, 85(6): 1183-1190. 

Li, P., Li. Z-H., Dzyuba, B., Hulak, M., Rodina, M. and Linhart, O. (2010). Evaluating 

the Impacts of Osmotic and Oxidative Stress on Common Carp (Cyprinus carpio 

linnaeus) Sperm Caused by Cryopreservation Techniques. Biology of 

Reproduction, 83: 852-858. 



 64

Lone, F.A., Islam, R., Khan, M.Z. and Soli, K.A. (2011). Effect of Transportation 

Temperature on the Quality of Cauda Epididymal Spermatozoa of Ram. Animal 

Reproduction Science, 123: 54-59. 

Loskutoff, N.M. (2003). Role of Embryo Technologies in Genetic Management and 

Conservation of Wildlife. In: W.V., Holtz, A.R., Pickard, J.C., Rodger and D.E., 

Wildt. (eds.) Reproductive Science and Integrated Conservation. Cambridge, 

U.K.: University Press, Cambridge, pp. 183-194. 

Loskutoff, N.M., H.A., Simmons, M., Goulding, G., Thompson, V.T., and Simmons, 

L.G. (1996). Species and Individual Variations in Cryoprotectant Toxicities and 

Freezing Resistances of Epididymal Sperm from African Antelope. Animal 

Reproduction Science, 42:  527-535. 

Lubbe, K., Bartels, P., Kilian, I., Friedmann, Y. and Godke, R.A. (2000). Comparing 

Motility and Morphology of Horse, Zebra and Rhinoceros Epididymal 

Spermatozoa When Cryopreserved with Two Different Cryodiluents or Stored at 

4°C. Theriogenology, 53: 338. 

Magaji, M. (2004, October). Animal Disease Surveillance and Control of Livestock 

Movement at International Borders. Paper Presented at Workshop for Veterinary 

Quarantine and Control Post Officers Held in Abuja, Nigeria. 

 Maigandi, S.A. (2001). Quantification and Utilization of Fore-stomach Digesta in the 

Diets of Growth and Fattening Sheep (Unpublished doctoral thesis). Usmanu 

Danfodiyo University, Sokoto, Nigeria. 

 Mandal, A., Prasad, H., Kumar, A., Roy, R. and Sharma, N. (2007). Factors Associated 

with Lamb Mortalities in Muzaffarnagari Sheep. Small Ruminant Research, 71: 

273-279. 

Marks, S.L., Dupuis, J., Mickelson, W.D., Memon, M.A. and Platz, C.C. (1994). 

Conception by Use of Postmortem Epididymal Semen Extraction in a Dog. 

Journal of the American Veterinary Medical Association, 204(10): 1639-40. 

Marti, E., Mara, L., Marti, J., Muino-Blanco, T. and Cebrian-Perez, J. (2007). Seasonal 

Variations in Antioxidant Enzyme Activity in Ram Seminal Plasma. 

Theriogenology, 67: 1446-1454. 

Marti, J.I., Marti, E., Cebrian-Perez, J.A. and Muino-Blanco, T. (2003). Survival Rate 

and Antioxidant Enzyme Activity of Ram Spermatozoa after Dilution with 

Different Extenders or Selection by A Dextran Swim-up Procedure. 

Theriogenology, 60: 1025-1037. 



 65

Martinez-Pastor, F., Diaz-Corujo, A.R. and Anel, E. (2005). Post Mortem Time and 

Season Alter Subpopulation Characteristics of Iberian Red Deer Epididymal 

Sperm. Theriogenology, 64:  958-974. 

Martins, C.F., Driessen, K., Costa, P.M., Carvalho-Neto, J.O., De Sousa, R.V., Rumpf, R. 

and Dodec, M.N. (2009). Recovery, Cryopreservation and Fertilization Potential 

of Bovine Spermatozoa Obtained from Epididymides Stored at 5°C by Different 

Periods of Time. Animal Reproducion Science, 116(1-2): 50-57. 

Matsuoka, T., Imai, H., Kohno, H. and Fukui, Y. (2006). Effects of Bovine Serum 

Albumin and Trehalose in Semen Diluents for Improvement of Frozen-thawed 

Ram Spermatozoa. Journal of Reproduction and Development, 52(5): 675-683. 

Maxwell, W. and Stojanov, T. (1996). Liquid Storage of Ram Semen in the Absence or 

Presence of Some Antioxidants. Reproduction, Fertility and Development, 8: 

1013-1020. 

Maxwell, W.M.C. and Salamon, S. (1993). Liquid Storage of Ram Semen: A Review. 

Reproduction, Fertility and Development, 5: 613-638. 

Mbilu, T.J.N.K. (2007). Status of Mastitis in Lactating Goats at Sokoine University of 

Agriculture and Neighboring Smallholder Farms in Morogoro Municipality, 

Tanzania. Livestock Research for Rural Development, 19(3). Retrieved from 

 http://www.cipav.org.co/lrrd19/3/mbil19040.htm 

McKinnon, A.O., Tinson, A.H. and Nation, G. (1994). Embryo Transfer in Dromedary 

Camels. Theriogenology, 41(1): 145-150. 

Mello, M.L.S. (1982). Induced Metachromasia in Bull Spermatozoa. Histochemistry 

and Cell Biology, 74(3): 387-392. 

Meyers, S.A. (2006). Dry Storage of Sperm: Application in Primates and Domestic 

Animals. Reproduction, Fertility and Development, 18: 1-5. 

Morris, L., Tiplady, C. and Allen, W.R. (2002). The In vivo Fertility of Cauda 

Epididymal Spermatozoa in the Horse. Theriogenology, 58: 643-646. 

Morton, K.M., Bathgate, R., Evans, G. and Maxwell, W.M. (2007). Cryopreservation of 

Epididymal Alpaca (Vicugna pacos) Sperm: A Comparison of Citrate-, Tris- and 

Lactose-based Diluents, Pellets and Straws. Reproduction, Fertility and 

Development, 19: 792-796. 

Morton, K.M., Evans G. and Maxwell, W.M. (2010). Effect of Glycerol Concentration, 

Equex STM® Supplementation and Liquid Storage Prior to Freezing on the 



 66

Motility and Acrosome Integrity of Frozen-thawed Epididymal Alpaca (Vicugna 

Pacos) Sperm. Theriogenology, 74(2): 311-316. 

Muhammad, N., Maigandi, S.A., Hassan, W.A. and Daneji, A.I. (2008). Growth 

Performance and Economics of Sheep Production with Varying Levels of Rice 

Milling Waste. Sokoto Journal of Veterinary Sciences, 7 (1): 59 - 64. 

Muradás, P.R., Weiss, R.R., Kozicki, L.E., Granemann, L.C., Santos, I.W. and Pimpão, 

C.T. (2006). Some Viability Parameters from Equine Spermatozoa Harvested by 

Artificial Vagina and by Epididymal Tail Washing. Archives of Veterinary 

Science, 11(3): 69-74. 

Musa, B., Sieme, I., Merkt, H. and Hago, B.E.D. (1992, February). Artificial 

Insemination in Dromedary Camels. In: Proceedings of the First International 

Camel Conference Held in Dubai, United Arab Emirates. 

Nang, C.F., Osman, K., Budin, S.B., Ismail, M.I., Jaffar, F.H., Mohamad, S.F. and 

Ibrahim, S.F. (2011). Bovine Serum Albumin: Survival and Osmolarity Effect in 

Bovine Spermatozoa Stored above Freezing Point. Andrologia, 1: 447-53. 

Ngatazie, P.K. (1989, January). Constraint Identification and Analysis in African Small 

Ruminant Systems. In: Proceedings of a Conference on African Small Ruminant 

Research and Development Held in Bamenda, Cameroon. 

Nitin, R., Sanjay, C., Sonika, G., Neha, S., and Nishant, K. (2018). A Review on Semen 

Extenders and Additives used in Cattle and Buffalo Bull Semen Preservation.  

Journal of Entomology and Zoology Studies, 6(3): 239-245. 

Nwafor, C.U. (2004). Small Ruminant Livestock Marketing in the Gambia: A Socio-

economic Perspective. Livestock Research for Rural Development, 16(4). 

Retrieved from http://www.lrrd.org/lrrd16/4/nwaf16024.htm 

Osamede, O.H. and Adebowale, S. E. (2016). Genetic Structure of Indigenous Sheep 

Breeds in Nigeria Based on Electrophoretic Polymorphous Systems of Transferrin 

and Haemoglobin. African Journal of Biotechnology, 17(12): 380-388 

Osman, K., Nang, C.F., Budin, S.B., Ismail M.I., Jaffar, F.H. and Mohamad S.F. (2012). 

Albumin Improved Spermatozoa Quality and DNA Integrity For Freezing-Free 

Preservation. International Journal of Biological and Medical Research, 3(2): 

1670-1679. 

Otchere, E.O. (1986, July). Small Ruminant Production in the Developing Countries. In: 

Proceedings of the Food and Agriculture Organization Expert Consultation Held 

in Sofia, Bulgaria. 



 67

Parks, J.E. and Lynch, D.V. (1992). Lipid Composition and Thermotropic Phase 

Behaviour of Boar, Bull, Stallion and Rooster Sperm Membranes. Cryobiology, 

29: 255-266.  

Partyka, A., Łukaszewicz, E. and Nizan´ski, W. (2012). Effect of Cryopreservation on 

Sperm Parameters, Lipid Peroxidation and Antioxidant Enzymes Activity in Fowl 

Semen. Theriogenology, 77: 1497-1504. 

Paữfler, S.K. and Foote, R.H. (1968). Morphology, Motility and Fertility of Spermatozoa 

Recovered from Different Areas of Ligated Rabbit Epididymides. Journal of 

Reproduction and Fertility, 17(1): 125-137. 

Paulenz, H., Soderquist, L., Perez-Pe, R. and Berg, K.A., (2002). Effect of Different 

Extenders and Storage Temperatures on Sperm Viability of Liquid Ram Semen. 

Theriogenology, 57: 823-836. 

Potts, R.J., Jefferies, T.M. and Notarianni, L.J. (1999). Antioxidant Capacity of the 

Epididymis. Human Reproduction, 14: 2513-2516. 

Purdy, P.H. (2006). A Review on Goat Sperm Cryopreservation. Small Ruminant 

Research, 63: 215-225. 

Quinn, P.J. and White, I.G. (1966). Variation in Semen Cations in Relation to Semen 

Quality and Methods of Collection. Fertility and Sterility, 17: 815-825. 

Quinn, P.J., White, I.G. and Wirrick, B.R. (1965). Studies on the Distribution of the 

Major Cations in Semen and Male Accessory Secretions. Journal of Reproduction 

and Fertility, 10: 379-388. 

Rege, J.E.O. (1993, December). Indigenous African Small Ruminants: A case for 

Characterization and Improvement. In: Proceedings of the Second Biennial 

Conference of the African Small Ruminant Research Network Held at Arusha 

International Conference Centre (AICC), Arusha, Tanzania. 

Rehman, F., Zhao, C., Shah, M.A., Qureshi, M.S. and Wang, X. (2013). Semen 

Extenders and Artificial insemination in Ruminants. Veterinaria, 1: 1-8. 

Risopatron, J., Catalan, S., Miska, W., Schill, W.B. and Sanchez, R. (2002). Effect of 

Albumin and Polyvinyl Alcohol on the Vitality, Motility and Acrosomal Integrity 

of Canine Spermatozoa Incubated In Vitro. Reproduction in Domestic Animals, 

37: 347-351. 

Roberts, S.G. (1991). Veterinary Obstetrics and Genital Diseases (Theoriogenology). 3rd 

Edn., Vermont, U.S.A.: Woodstock. 



 68

Roche, M., Rondeau, P., Singh, N.R., Tarnus, E. and Bourdon, E. (2008). The 

Antioxidant Properties of Serum Albumin. FEBS Letters, 528(13): 125-137. 

Salamon, S. and Maxwell, W.M. (2000). Storage of Ram Semen.  Animal Reproduction 

Science, 62: 77-111. 

Salem, B.S. and Smith, T. (2008). Feeding Strategies to Increase Small Ruminant 

Production in Dry Environments. Small Ruminant Research, 77: 174-194. 

Sankai, T., Tsuchiya, H. and Ogonuki, N. (2001). Short-term Non-frozen Storage of 

Mouse Epididymal Spermatozoa. Theriogenology, 55: 1759-1768. 

Sanni, S.A., Ogungbile, A. O. and Atala, T.K. (2004). Interaction between Livestock and 

Crop Farming in Northern Nigeria: An Integrated Farming Systems Approach. 

Nigerian Journal of Animal Production, 31(1): 94-99. 

Santos, N.A.G., Bezerra, C.S.C., Martins, N.M., Curti, C., Bianchi, M.L.P. and Santos, 

A.C. (2008). Hydroxyl Radical Scavenger Ameliorates Cisplatin-Induced 

Nephrotoxicity by Preventing Oxidative Stress, Redox State Unbalance, 

Impairment of Energetic Metabolism and Apoptosis in Rat Kidney Mitochondria. 

Cancer Chemotherapy and Pharmacology, 61(1): 145-155. 

Schafer, S. and Holzmann, A. (2000). The Use of Transmigration and Spermac Stain to 

Evaluate Epididymal Cat Spermatozoa. Animal Reproduction Science, 59: 201-

211. 

Scott, T.W., Wales, R.G., Wallace, J.C. and White, I.G. (1963). Composition of Ram 

Epididymal and Testicular Fluid and the Biosynthesis of 

Glycerylphosphorylcholine by the Rabbit Epididymis. Journal of Reproduction 

and Fertility, 6: 49-53. 

Serre, V. and Robaire, B. (1998). Segment Specific Morphological Changes in Aging 

Brown Norway Rat Epididymis. Biology of Reproduction, 58: 497-513. 

Shahab, M.A. and Ahmad, N. (2003). Factors Affecting the Effciency of Artificial 

Insemination in Cattle and Buffalo in Punjab. Pakistan Veterinary Journal, 23: 

106-113. 

Shittu, A., Chafe, U.M., Buhari, S., Junaidu, A.U., Magaji, A.A., Salihu, M.D. and Jibril, 

A. (2008). An Overview of Mastitis in Sokoto Red Goat, Nigeria. Sokoto Journal 

of Veterinary Sciences, 7(1): 65-70. 

Sieme, I., Merkt, H., Musa, B., Badreldin, H. and Willmen, T. (1990, September). Liquid 

and Deep-freezing Preservation of Camel Semen Using Different Extenders and 

Methods. In: Proceedings of UCDE Workshop “Is it Possible to Improve the 



 69

Reproductive Performance of the Camel?” Held at Department d’Elevage et de 

Medicine Veterinaire (EMVT), CIRAD, Maison-Alfort, Paris. 

Silva, S., Soares, A., Batista, A., Almeida, F., Nunes, J., Peixoto, C. and Guerra, M. 

(2011). In vitro and In vivo Evaluation of Ram Sperm Frozen in Tris-Egg-yolk 

and Supplemented with Superoxide Dismutase and Reduced Glutathione. 

Reproduction in Domestic Animals, 46: 874-881. 

Sisson, S. and Grossman, J.D. (1975). The Anatomy of Domestic Animals. 4th Edn., 

Philadelphia, U.S.A.: Walter Burns Saunders Company. 

Sitaula, R., Emoazzen, H., Toner, M. and Bhowmick, S. (2009). Desiccation Tolerance in 

Bovine Sperm: A Study of Intracellular Sugars and the Supplemental Roles of an 

Antioxidant and a Chelator. Cryobiology, 58 (3): 322-330. 

Stechell, B.P. (1974). Secretions of the Testis and Epididymis. Journal of Reproduction 

and Fertility, 37: 165-177. 

Taha-Ismail, S.T. (1988). Reproduction in the Male Dromedary (Camelus dromedaries). 

Theriogenology, 29: 1407-1418 

Tajik, P. and Hassan-Nejad Lamsoo, M. R. (2008). Assessment of Epididymal Sperm 

obtained from Dromedary Camel. Iranian Journal of Veterinary Research, 9(1): 

46-50. 

Therond, P., Auger, J., Legrand, A. and Jouannet, P. (1996). Alpha Tocopherol in Human

 Spermatozoa and Seminal Plasma: Relationships with Motility, Antioxidant 

Enzymes and Leukocytes. Molecular and Human Reproduction, 2: 739-744. 

Tittarelli, C., Sarignone, C.A., Arnaudin, E., Stornelli, M.C., Stornelli, M.A. and De La 

Sota, R.L. (2006). Effect of Storage Media and Storage Time on Survival of 

Spermatozoa Recovered from Canine and Feline Epididymides. Theriogenology, 

66(6-7): 1637-1640. 

Toyonaga, M., Kaihara, A. and Tsutsui, T. (2011). The Quality of Cryopreserved Sperm 

Collected from Feline Caudal Epididymides Stored at Room Temperature. 

Journal of Veterinary Medical Science, 73(10): 1395-1398. 

Ugwu, D.S. (2007). The Role of Small Ruminants in the Household Economy of the 

South East Zone of Nigeria. Research Journal of Applied Science, 2(6): 726-732. 

Uysal, O. and Bucak, M.N. (2007). Effects of Oxidized Bovine Serum Albumin, Cysteine 

and Lycopene on the Quality of Frozen-thawed Ram Semen. Acta 

Veterinaria Brno, 76: 383-390. 



 70

Uysal, O., Bucak, M.N., Yavas, I. and Varisli, O. (2007). Effect of Various Antioxidants 

on the Quality of Frozen-thawed Bull Semen. Journal of Animal and Veterinary 

Advances, 6: 1362-1366. 

Van Thuan, N., Wakayama, S., Kishigami, S. and Wakayama, T. (2005). New 

Preservation Method for Mouse Spermatozoa without Freezing. Biology of 

Reproduction, 72: 444-50. 

Vishwanath, R. and Shannon, P. (2000). Storage of Bovine Semen in Liquid and Frozen 

State. Animal Reproduction Science, 62: 23-53. 

Wallace, J.C. and Wales R.G., (1964). Effect of Ions on the Metabolism of Ejaculated 

and Epididymal Ram Spermatozoa. Journal of Reproduction and Fertility, 8: 187-

203. 

Wang, A.W., Zhang, H., Ikemoto, I., Anderson, D.J. and Loughlin, K.R. (1997). Oxygen 

Species Generation by Seminal Cells during Cryopreservation. Urology, 

49(6):921-925. 

Watson, P.F. (1995). Recent Development and Concepts in the Conservation of 

Spermatozoa and the Assessment of their Post-thawing Function. Reproduction, 

Fertility and Development, 7: 871-891. 

Watson, P.F. and Martin, C.A. (1975). Effects of Egg Yolk, Glycerol and the Freezing 

Rate on the Viability and Acrosomal Structures of Frozen Ram Spermatozoa. 

Austrilian Journal of Biological Science, 28: 153-159. 

White, I.G. (1993). Lipids and Calcium Uptake of Sperm in Relation to Cold Shock and 

Preservation. Reproduction, Fertility and Development, 5: 639-658.  

Wildt, D.E. (1990). Potential Application of In vitro Fertilization Technology for Species 

Conservation. In: B.D.Bavister, J. Cummins and E.R.S. Roldan (ed.), Fertilization 

in Mammals. Massachusetts, U.S.A.: Serono Symposium. 

Xia, J. and Ren, D. (2009). The BSA-induced Ca(2+) Influx during Sperm Capacitation is 

CATSPER Channel-dependent. Reproductive Biology and Endocrinology, 7: 119-

127. 

Yoshimoto, T., Nakamura, S., Yamauchi, S., Muto, N., Nakada, T., Ashizawa K. and 

Tatemoto, H. (2008). Improvement of the Post-thaw Qualities of Okinawan 

Native Pig Spermatozoa Frozen in an Extender Supplemented with Ascorbic Acid 

2-O-glucoside. Cryobiology, 57: 30-36. 

Yu, I. and Leibo, S.P. (2002). Recovery of Motile, Membrane-Intact Spermatozoa from 

Canine Epididymides Stored for 8 Days at 4°C. Theriogenology, 57: 1179-1190. 



 71

Zou, C.X. and Yang, Z.M. (2000). Evaluation on Sperm Quality of Freshly Ejaculated 

Boar Semen during In Vitro Storage under Different Temperatures. 

Theriogenology, 53: 1477-1488. 

 

 

 


