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ABSTRACT 

 

The objectives of the study were to evaluate the effect of two extenders (Triladyl® 

and Bioxcell®) and the removal of seminal plasma on goat buck semen. Six ejaculates 

were collected from six indigenous bucks by means of electro-ejaculator method, and 

semen was pooled, and replicated 10 times. Raw semen were randomly allocated into 

six groups as follows: (i) Raw non-washed, (ii) Raw washed, (iii) Triladyl®-washed, (iv) 

Triladyl®-non-washed, (v) Bioxcell®-washed and (vi) Bioxcell®-non-washed. All six groups 

were analysed for spermatozoa motility rates using computer-aided sperm analysis 

(CASA). The spermatozoa viability for all groups were assessed using Eosin-Nigrosin, 

acrosome integrity using Spermac, chromatin structure using Acridine Orange, and 

mitochondria using JC-1 staining solutions. Both the Triladyl® and Bioxcell® washed 

semen groups were diluted (1:4) with Phosphate Buffered Saline (PBS) then centrifuged 

at 1500 x g for ten min and seminal plasma was aspirated using 1 mL sterile plastic 

pipette. Semen samples were diluted (1:4) as follows: Triladyl® (washed and non-

washed) or Bioxcell® (washed and non-washed) and then equilibrated at 5 ºC for 2 hours. 

Following equilibration, semen parameters were analysed. Thereafter, the semen 

samples were loaded into straws and placed 5 cm above a liquid nitrogen vapour for 10 

min, and then stored at -196 ºC until use. Following one month of storage, frozen semen 

straws per treatment group were thawed at 37 ºC for 30 seconds, then semen 

parameters were analysed again. Significant differences among the mean values of 

semen parameters were determined by Tukey’s test using ANOVA, GLM procedure of 

SAS version 12.1 of 2010. Total Spermatozoa motility rate of Bioxcell® (92.5±4.6), 

(68.2±13.5) and Triladyl® (94.9±5.5), (63.1±15.1) were significantly reduced (P < 0.05) 

following equilibration and freeze-thawing process, respectively on washed semen 

groups. Live and normal spermatozoa percentages were drastically reduced in Bioxcell® 

(5.2±4.9) and Triladyl® (6.9±8.6) washed semen groups, following freeze-thawing. There 

was a significantly lower number of spermatozoa with high mitochondrial membrane 

potential in non-washed semen extended with Triladyl® (68.7±26.8) compared to non-

washed semen extended with Bioxcell® (49.8±20.1) following the freeze-thawing 

process. In conclusion, the freezing-thawing process did reduce the indigenous buck 

semen parameters irrespective of removal or non-removal of seminal plasma. However, 

Bioxcell® extender was found to be more suitable for preserving spermatozoa during 

equilibration and freezing/thawing process of buck semen. 

 

Keywords: Indigenous bucks, extenders, seminal plasma, motility, membrane integrity. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background 

 

Goats are prolific and require low inputs for a moderate level of production, and 

tend to reach maturity early and are profitable to keep (Webb & Mamabolo, 2004). The 

majority of South African indigenous goats are kept in rural areas and provide milk, 

hides, and meat (Webb & Mamabolo, 2004). These goats are tolerant to different 

parasites and diseases, non-selective browsers and able to survive on the poorest 

vegetation. However, there is limited information regarding their reproductive status 

(Ramukhithi, 2011), semen quality and their tolerance to cryopreservation (Matshaba, 

2010). This is mainly because they have received little attention from researchers in the 

past. However, there is recent interest from commercial farmers and this may be due to 

their hardiness and adaptability to the local harsh environmental conditions as well as 

their exceptional capacity to produce and reproduce efficiently under poor nutritional 

conditions (Matshaba, 2010). Furthermore, there is a need to conserve their genetic 

materials. Genetic resource banks are normally utilised with reproductive technologies 

for the conservation of endangered species (Marco-jimѐnez et al., 2005). 

 

Semen collection and storage is essential in controlled breeding programmes of 

many endangered species (Okere et al., 2011). The cryopreservation of gametes is vital, 

because it would allow researchers to support a genome resource bank for this breed for 

an indefinite period of time (Kulaksiz et al., 2013). Cryopreservation of goat spermatozoa 

also extends the male reproductive life of a goat germline (Ajao, 2015). Frozen-thawed 

goat semen may be utilised for AI to enhance improvement of livestock as breeders 

mostly make use of genetically superior goats (Ramukhithi, 2011). However, condition to 

freeze goat semen remains a challenge. 

 

The cryopreservation method includes temperature reduction, cellular 

dehydration, eventual freezing and subsequent thawing. Cryopreservation has been 

shown to stop all cellular activities, restarting its normal metabolic functions, following 

thawing. However, semen cryopreservation generally induces the formation of 

intracellular ice crystals, osmotic and chilling injury, which causes sperm cell damage, 

cytoplasmic fracture, or some effects on the cytoskeleton or the genome-related 

structures (Peña et al., 2003; Farshad & Akhondzadeh, 2008; Munyai, 2012). The main 
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changes that occur through the freezing of gametes are primarily related to 

ultrastructural, biochemical and functional activities. These eventually impair 

spermatozoa transport and decrease the survival rate in the female reproductive tract, 

thus reducing fertility (Munyai, 2012).  

 

Reduced spermatozoa motility rate may be due to the egg yolk-coagulating 

enzyme (phospholipase) that has harmful interactions with secretions of the 

bulbourethral gland, reducing the survival rates of the spermatozoa after 

cryopreservation. Among the factors affecting the freezing ability of spermatozoa, 

supplementation of the freezing medium with different types of cryoprotectant plays a 

vital role in minimising the physical and chemical stresses occurring during 

cryopreservation procedure (Anakkul et al., 2013). Hence, it is of utmost importance to 

develop and modify protocols to improve cryopreservation protocols to preserve 

indigenous germplasm. 

 

Seminal plasma plays an important role in spermatozoa survival during the 

cryopreservation process. This is because the causes of reduced spermatozoa motility 

are related to seminal plasma enzymes (Naing et al., 2011). Goat semen is currently 

centrifuged (washed) to eliminate the seminal plasma from the spermatozoa prior to 

dilution with standards extenders containing egg yolk. Phospholipase A2 activity of egg 

yolk coagulating enzyme (EYCE) catalyses the hydrolysis of egg yolk 

phosphatidylcholine (PC) into fatty acids and lysophosphatidylcholine (LPC). The LPC 

has a toxic effect on buck spermatozoa by acting like a detergent on biomembrane, 

resulting in a loss of motility, membrane integrity and consequently low fertility rate 

(Niang et al., 2011). This harmful effect is observed in goat semen when it is extended 

with egg-yolk-based extenders (Daşkin et al., 2011). Currently, soy-lecithin-based 

extenders are used to avoid problems encountered when egg-yolk-based extenders are 

used to extend goat semen (Vidal et al., 2013). Goat semen has been reported to be 

centrifuged (washed) to eliminate the seminal plasma from the spermatozoa prior to 

dilution with standards extenders containing egg yolk (Ashmawy et al., 2010). The 

present study focused on the effect of extenders (egg-yolk-based extender and soy-

lecithin-based extender) and the removal of seminal plasma on South African indigenous 

goat semen parameters. 
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1.2 Problem statement 

 

Frozen-thawed spermatozoa are subjected to chemical, osmotic, thermal and 

mechanical trauma that occurs during dilution, cooling, equilibration and thawing 

process. The cryopreservation of goat semen decreases spermatozoa motility rate; 

however, the extent of damage at consecutive stages of cryopreservation has not been 

extensively documented. The interaction between seminal plasma (phospholipase 

enzyme) and egg yolk have been reported to be toxic (Niang et al., 2011). Consequently, 

egg yolk semen extenders have a detrimental effect on goat spermatozoa when 

interacting with seminal plasma, as the egg yolk coagulates with the phospholipase 

enzyme found in goat semen. This toxic effect is not observed when soy lecithin 

extenders are used to dilute goat semen during cryopreservation. 

 

1.3 Justification  

 

The effect of seminal plasma on fertility of goat semen as measured by semen 

parameters during cryopreservation needs to be investigated. There is a great need to 

further assess the damage on spermatozoa morphology (acrosomal intactness, 

chromatin structure, mitochondrial membrane potential), motility, and viability at 

consecutive stages of cryopreservation on indigenous goat semen. The assessment of 

quality of frozen-thawed goat semen extended with egg yolk or soy lecithin extender with 

or without seminal plasma will greatly help improve goat semen cryopreservation and 

semen fertility. This study will contribute to the improvement of cryopreservation protocol 

used to cryopreserve indigenous male goat genetic materials of South African goats. 

Furthermore, it will assist emerging farmers to use artificial insemination technology for 

future breeding programmes. 

 

1.4 Objective of the study 

 

The main purpose of this study was to improve the freezability and fertility of 

semen as measured by semen parameters following cryopreservation of South African 

unimproved indigenous bucks. 

 

1.5 The specific objectives are to:  

 

i. Investigate the effect of two commercial extenders (Bioxcell® and Triladyl®) on 

semen parameters during the cryopreservation of buck semen. 
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ii. Evaluate the effect of washing (removal) of seminal plasma on semen 

parameters in the two extenders during the cryopreservation of buck semen. 

 

1.6 Hypotheses 

 

i. There will be no difference between the two commercial extenders in 

improving semen parameters’ fertility of indigenous bucks prior and post-

cryopreservation. 

ii. There will be no difference between removal and non-removal of seminal 

plasma in improving semen parameters’ fertility of indigenous bucks prior and 

post cryopreservation. 
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CHAPTER 2   

LITERATURE REVIEW 

2.1 Introduction 

 

Cryopreservation of goat semen facilitates the supply of male genetic material for 

AI in goats and storage for future use (Ahmad et al., 2014). Semen cryopreservation is 

essential for the application of reproductive techniques such as AI and IVF, which 

contribute to the increase in the reproduction of goats and genetic selection breeding 

schemes or programmes. However, cryopreservation causes membrane integrity, 

ultrastructural, biochemical and functional damages on spermatozoa due to the 

temperature changes resulting in decreased motility and viability (Naing et al., 2011; 

Ahmad et al., 2014; Lee et al., 2014). Seminal plasma plays an important role in 

spermatozoa survival during cryopreservation process, because the causes of reduced 

spermatozoa motility are related to seminal plasma enzymes (Naing et al., 2011). The 

ability to cryopreserve spermatozoa of all domestic species is difficult (Yimer et al., 

2014). Even though cryopreservation protocols have been optimised for spermatozoa of 

specific species, it could not be good for spermatozoa of the other species (Ari & Daskin, 

2010; Yimer et al., 2014). Bovine and Caprine or ovine spermatozoa-freezing extenders 

include similar or the same ingredients. However, the interaction between goat seminal 

plasma and egg yolks (or skim milk) are deleterious to the spermatozoa, a condition not 

observed with bovine or ovine seminal and egg yolk (Ari & Daşkin, 2010). This is 

because the enzyme (phospholipase) present in seminal fluid secreted by the 

bulbourethral glands interacts with egg yolk lecithin and through hydrolysis producing 

toxic compounds (lysophosphatidylcholine) to the spermatozoa (Matshaba, 2010; Niang 

et al., 2011; Yimer et al., 2014; Ferreira et al., 2014; Cabrera et al., 2005).  

 

Goat semen is currently centrifuged (washed) to eliminate the seminal plasma 

from the spermatozoa prior to dilution with standards extenders containing egg yolk (Ari 

& Daskin, 2010; Matshaba, 2010; Niang et al., 2011; Yimer et al., 2014). However, to 

minimise the harmful interactions, low concentrations of egg yolk are added to the 

extender and centrifugation (washing) is not required (Ashmawy et al., 2010; Matshaba, 

2010; Ramukhithi, 2011; Yimer et al., 2014). Several factors such as semen collection 

methods, season and nutrition can affect semen characteristics; moreover, semen 

cryopreservation can be affected by factors such as semen diluents, cryoprotectants, 

and temperature (Ramukhithi, 2011). The process of fertilisation involves complex 

biochemical and physiological and morphological aspect of semen (Martins et al., 2010). 
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The traditional evaluation of ejaculate quality has been based primarily on routine semen 

analyses (such as motility, morphology, and acrosome integrity). Routine semen analysis 

(such as motility, morphology, and acrosome integrity) have a limited capacity of 

predicting the potential fertility of the ejaculate. Thus, advanced techniques for semen 

evaluation (such as IVF, cervical mucus penetration, DNA, mitochondrial membrane and 

plasma membrane integrity) should be implemented to increase the accurate 

identification of high quality spermatozoa (Üstüner et al., 2015).  

 

2.2 Description of semen 

 

Normal semen is a mixture of motile and non-motile spermatozoa and viscous 

fluid (Dehghani et al., 2004). It is also described as the liquid cellular suspension 

containing spermatozoa and secretions (seminal plasma) from the accessory glands 

(seminal vesicles, bulbourethral and prostate gland) of the male reproductive tract 

(Ramukhithi, 2011; Munyai, 2012). The Semen parameters that are mostly assessed 

prior to semen dilution and cryopreservation are colour, volume, pH, concentration, 

motility, morphology, and viability. Semen colour and volume are measured in raw 

semen ejaculate and can indicate contaminations in a semen sample (Munyai, 2012). 

Semen pH is a measurement of the alkalinity and acidity of the semen ejaculate 

(Ramukhithi, 2011). On the other hand, concentration is the number of spermatozoa per 

millilitre of semen (Munyai, 2012). Spermatozoa motility and velocity are the motion 

parameters essential for normal fertilisation and male fertility. Spermatozoa morphology 

is the normal size and shape considered for the success of fertilisation (Rapuling, 2010). 

Viable spermatozoa are cells that possess an intact plasma membrane (Mocé & 

Graham, 2008). 

 

2.3 Spermatogenesis 

 

Spermatogenesis is a complex process that involves the development of 

undifferentiated germ cells into highly specialised spermatozoa capable of fertilising an 

oocyte (Sharma et al., 2013). Spermatozoa are produced in the seminiferous tubules of 

the testis through a process called spermatogenesis. After formation in the seminiferous 

tubules, the spermatozoa are transported through the rete testis and vasa efferentia into 

the epididymis, where they are stored while undergoing maturation changes that make 

the spermatozoa capable of fertilisation (Munyai, 2012). 
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Spermatogenesis consists of two phases; namely, spermatocytogenesis and 

spermiogenesis. From puberty, spermatogenesis will continue as an on-going process 

throughout the life of the male. Spermatocytogenesis involves the mitotic cell division, 

which results in the production of stem cells and primary spermatocytes, while 

spermiogenesis is the maturation and formation of spermatozoa. Meiosis during 

spermiogenesis is a process involving two cell divisions, resulting in spermatids 

containing a haploid number of chromosomes. Each primary spermatocyte first 

undergoes a meiotic division, forming two secondary spermatocytes. In this division, half 

reduce the chromosome complement in the nucleus, so that the nuclei in secondary 

spermatocytes contain an unpaired (n) number of chromosomes. 

 

Spermiogenesis is then the differentiation of spermatids, which are released as 

spermatozoa. Spermatids with spherical nuclei differentiate into spermatozoa and are 

released from the Sertoli cells into the lumen of the seminiferous tubules. 

Spermiogenesis is thus the process during which a haploid spermatid undergoes a 

metamorphosis (change in morphology) to form a mature elongated spermatid or 

spermatozoa (Pruslin et al., 1985).  

 

The number of Sertoli and Leydig cells is related to spermatozoa production, 

each Sertoli cell supporting a defined number of germ cells (Matshaba, 2010). The 

process of spermatozoa production and formation of germ cells to fully mature 

spermatozoa take about 70 to 80 days in goats. When the spermatozoa development is 

complete in the seminiferous tubules, the spermatozoa are released from the 

seminiferous tubules into the epididymis, where storage and maturation occurs. The 

spermatozoa are stored in the epididymis until ejaculation. Through the contractions of 

retractor muscles, the spermatozoa propelled to the vasa deferentia and prostate gland 

to the urethra. As spermatozoa travel down the urethra, secretions are added by the 

secondary sex glands (prostate and seminal vesicles) to produce semen (Ramukhithi, 

2011). 

 

2.4 Hormonal control of spermatogenesis 

 

The functions of the testes are to produce spermatozoa and androgens 

(testosterone), regulated by specific hormones (follicle stimulating hormone (FSH) and 

luteinizing hormones (LH)). These hormones are called gonadotropins. The production of 

spermatozoa and androgens by the testes would cease without gonadotropins 

(interstitial cell stimulating hormone and spermatogenesis stimulating hormone) support. 
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The main gonadotropins maintaining and regulating spermatogenesis are FSH/SSH and 

LH/ICSH (Munyai, 2012). Follicle-stimulating hormone and luteinizing hormone are 

glycoprotein hormones secreted by the anterior pituitary that acts directly on the testes to 

stimulate somatic cell function in support of spermatogenesis (Holdcraft & Braun, 2004). 

  

2.4.1 Follicle stimulating hormone (FSH) or spermatogenesis stimulating hormone 

(SSH) 

 

The follicle stimulating hormone is one of the gonadotropins (GTHs) produced in 

the pituitary that are members of the pituitary glycoprotein family. The action of FSH is 

mediated by the FSH receptor (FSHR) expressed by Sertoli cells and promotes the 

production of various endocrine and growth factors. Therefore, FSH signalling on Sertoli 

cells plays an important role in the initiation of spermatogenesis (Takeshi et al., 2007).  

 

2.4.2 Luteinizing hormone (LH) or interstitial cell stimulating hormone (ICSH) 

 

In the male, luteinizing hormone is also known as an interstitial cell stimulating 

hormone (ICSH). The LH stimulates the Leydig cells or interstitial cells of the testes 

(located outside the seminiferous tubules) to produce testosterone. The LH is then 

carried from the anterior pituitary by the blood to the interstitial cells (Matshaba, 2010). 

 

2.4.3 Testosterone 

 

Testosterone and its metabolites, dihydrotestosterone (DHT) and estradiol (E2) 

are collectively referred to as sex hormones. This is because of their primary role in the 

regulation of gonadal and germ cell development in both males and females as well as in 

the sexual differentiation of males (Holdcraft & Braun, 2004). Testosterone is an 

androgenic steroid hormone produced by the interstitial cells or Leydig cells, richly 

supplied with nerves. Testosterone secretion is under endocrine control by a negative 

feedback mechanism involving the hypothalamus and anterior pituitary. Low levels of 

testosterone naturally stimulate the hypothalamus to release GnRH, which in turn is 

carried by the portal system to the anterior pituitary, where it stimulates the release of LH 

by the anterior pituitary. The LH stimulates the Leydig cells in the testes to produce 

testosterone and when testosterone levels get too high, the hypothalamus and anterior 

pituitary are inhibited and secretion of GnRH and LH suppressed (Matshaba, 2010). 
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2.5 Spermatozoa structure and function 

 

Spermatozoa are a male reproductive cell that fertilizes the egg to form a zygote. 

Spermatozoa consists of several membrane compartments; namely, plasma membrane, 

head (nucleus and acrosome), midpiece (mitochondria) and the tail. Cell competency 

requires that each of these membrane compartments be intact (Graham et al., 1990).  

  

 

Figure 2.1: An illustration of a human spermatozoa structure (picture adapted from 

www.biology.lifeeasy.org) 

 

2.5.1 Plasma membrane 

 

The spermatozoa membrane is directly or indirectly related to many spermatozoa 

functions, warranting the capability of the cell to maintain homeostasis and depict motility 

and the capacity to interact with the environment, including the lining epithelium of the 

female genital tract or the oocytes-cumulus cell complex. Although the spermatozoa 

plasma membrane covers the entire cell, it consists of several distinct membrane 

compartments. Examples of these membrane compartments are the ones that covers 

the outer acrosome membrane, the one that covers the post acrosome portion of the 

spermatozoa head down to the annulus and lastly the one covering the principal piece 

and the rest of the tail (Hossain et al., 2011). 

 

Spermatozoa acquire the ability to move progressively during epididymal transit, 

but they are still fertilisation incompetent. Fertilisation capacity is gained after residing 

the spermatozoa in the female reproductive tract for a limited period. Capacitation is the 

physiological change that grants the spermatozoa the ability to fertilise. Capacitation is 
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an absolute prerequisite that spermatozoa must undergo in order to interact efficiently 

with the zona pellucida and accomplish one of the last steps leading to fertilisation; 

namely acrosome reaction. Capacitation includes several cellular changes in the 

spermatozoa particularly in the distribution and composition of certain glycoproteins, 

protein tyrosine phosphorylation, intracellular Ca2+ and cAMP concentrations (Nandi et 

al., 2012). 

 

2.5.2. Spermatozoa head 

 

2.5.2.1 Spermatozoa acrosome 

 

The acrosome is a membrane-enclosed structure located on the head of the 

spermatozoa (Lida et al., 1999; Hossain et al., 2011). It also contains hydrolytic enzymes 

that are exocytosed on acrosome reaction. The membrane fusion event that is required 

for spermatozoa penetration through zona pellucida and is crucial for subsequent 

spermatozoa-egg fusion (Lida et al., 1999; Hossain et al., 2011; Nandi et al., 2012). It 

also contains a variety of proteins, including several protease zymogens, protease 

inhibitors, zona pellucida binding proteins and other ligand-binding proteins (Hossain et 

al., 2011; Nandi et al., 2012).  

 

Acrosome integrity is a prerequisite for fertilisation, essential for spermatozoa 

penetration of the zona pellucida. Biologically, the plasma membrane and the outer 

acrosome membrane fuse and vesicate during the acrosome reaction when activated by 

spermatozoa binding to the zona pellucida (Hossain et al., 2011). An acrosome reaction 

is an essential event to spermatozoa penetration into the zona pellucida and fertilisation. 

During the acrosome reaction, acrosomal enzymes are released and much of the 

anterior head membranes are lost as hybrid vesicles of the plasma membranes and the 

outer acrosomal membrane. Thus, the spermatozoa must maintain an intact acrosome 

up to the time it binds to the zona pellucida (Oliveira et al., 2010). 

 

2.5.2.2 Spermatozoa nucleus  

 

The nucleus consists of the nucleus deoxyribonucleic acid (DNA) and chromatin 

structure. The integrity of DNA in the nucleus of mature ejaculated spermatozoa is one 

area of research that has been studied intensely during the past decade as a cause of 

male infertility. Normally, the spermatozoa chromatin is a well-organized, compact 
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structure consisting of DNA and heterogeneous nucleoproteins. It is condensed and 

insoluble in nature, features that protect the genetic integrity and facilitate transport of 

the paternal genome through the male and female reproductive tracts. For spermatozoa 

to be fertile, it must be capable of undergoing decondensation at a suitable time in the 

fertilisation process. It has been suggested that spermatozoa DNA integrity may be a 

more objective marker of spermatozoa function as opposed to the standard semen 

analysis (Agarwal & Said, 2003). 

 

Evaluation of spermatozoa DNA integrity is of utmost importance owing to early 

embryo development, depending on its normality. Although spermatozoa DNA is packed 

in highly compacted and stable form, chromatin abnormalities and DNA damage exist, 

derived from either premeiotic testicular insults, during spermiogenesis, when DNA is 

packed or during further chromatin building (protamine dominance) during epididymal 

maturation. Alternatively, it could be the result of free radical-induced damage or 

consequence of apoptosis, in some species (Hossain et al., 2011). Chromatin 

condensation begins during spermiogenesis when the histones are first replaced by 

transition proteins and finally by small, basic protamines. The final volume of the 

chromatin is highly reduced according to the volume of somatic cell metaphase 

chromosomes, with a corresponding reduction in DNA stainability and the nucleus 

adopts a species-specific morphology. During the passage of the spermatozoa through 

the epididymis, the protamines formulate inter- and intra-molecular disulphide bonds, 

and, as a result, spermatozoa chromatin is fully condensed (Garcia-Macias et al., 2006). 

 

2.5.3 Spermatozoa mitochondrion 

 

Mitochondria are located in the spermatozoa mid-piece and are approximately 

100 in number, depending on the species (Juhasz et al., 2000; Peña et al., 2003; 

Hossain et al., 2011).  Mitochondria contain enzymes and co-factors required for the 

production of adenosine triphosphate (ATP) required for spermatozoa metabolism, 

membrane function, and motility, alongside with anaerobic glycolysis in the cytoplasm 

(Juhasz et al., 2000; Peña et al., 2003; Hossain et al., 2011). Further, mitochondria are 

the coordinators of apoptosis mechanisms in a number of cell systems, and they are 

involved in spermatozoa maturation and protection against damage induced by 

cryopreservation (Hossain et al., 2011). 

 

Mitochondria have a significant role in energy production, calcium homeostasis, 

and apoptosis and also provide motors for spermatozoa motility and relates to fertility 
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(Peña et al., 2003; Fernández-pastor et al., 2007; Sun & Yang, 2010). Both spermatozoa 

biosynthesis and motility require ATP. Two metabolic pathways provide ATP for normal 

spermatozoa function: oxidative phosphorylation in the mid-piece and glycolysis in the 

principal piece. Mitochondria are dynamic both in their morphological transitions and in 

distribution (Sun & Yang, 2010). Mitochondria provide maternal inheritance and 

ubiquitination of mitochondrial takes place to facilitate their degradation in the egg 

cytoplasm after fertilisation (Thompson et al., 2003; Sun & Yang, 2010). Due to the 

indispensable role of mitochondria during fertilisation, a defect of spermatozoa 

mitochondria or associated proteins can lead to male infertility (Sun & Yang, 2010). 

Mitochondrial proteins are involved in the capacitation-dependent tyrosine 

phosphorylation in spermatozoa (Hossain et al., 2011).  

 

2.6 Seminal plasma  

 

Seminal plasma is composed of secretions from the testis, epididymis and male 

accessory glands. It provides a favourable environment for spermatozoa and serves as a 

vehicle for spermatozoa as they travel to meet the oocytes (Teixeira et al., 2006; Sharma 

et al., 2013). Seminal fluid contains a variety of both inorganic and organic components, 

of which proteins are a major part of the high molecular mass substances. The protein 

composition of seminal plasma varies from species to species. However, studies on 

several mammalian species indicate that seminal plasma contains factors that influence 

the fertilising ability of spermatozoa and exerts important effects on female reproductive 

physiology. Boar spermatozoa adhesins are a group of proteins found in seminal plasma 

and they are major secretory products of the seminal vesicle epithelium (Teixeira et al., 

2006). These unique proteins are necessary for spermatozoa function and survival. 

Seminal plasma proteins play a variety of roles; they protect the spermatozoa by binding 

to the spermatozoa surface during ejaculation and play a key role in capacitation, 

acrosome reaction, and sperm-egg fusion. They can also modulate important response 

in male and female reproductive tracts, ensuring that the most competent spermatozoa 

meet the oocytes during fertilisation. Thus, seminal plasma proteins can serve as 

important biomarkers for male infertility (Sharma et al., 2013). Seminal plasma plays an 

important role in spermatozoa survival during cryopreservation process (Peterson et al., 

2007; Niang et al., 2011). The antioxidant presence in the seminal plasma is the most 

vital form of defence available to spermatozoa against ROS and they provide the 

defence mechanism through prevention, interception and repair level of protection. 

Nevertheless, the antioxidant capacity of spermatozoa may be insufficient in preventing 
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oxidative stress during centrifugation, cooling and freezing or thawing processes 

(Memon et al., 2012). 

 

Causes of reduced spermatozoa motility are related to seminal plasma enzymes. 

Today, egg yolk and milk extenders are widely used for the frozen storage of small 

ruminant semen (Niang et al., 2011). Nevertheless, the deterioration and toxic effects of 

the seminal plasma were observed when goat semen was diluted in egg yolk extender. 

The presence of enzymes (bulbourethral secretion glycoprotein-60 and egg yolk 

coagulating enzyme) in the seminal plasma causes the harmful interactions between 

seminal plasma and egg yolk. Meanwhile, bulbourethral secretion glycoprotein-60 

(BUSgp60) has a triacylglycerol hydrolase activity, which decreases spermatozoa 

motility and movement quality by disrupting the cell membrane. Phospholipase A2 activity 

of egg yolk coagulating enzyme (EYCE) catalyse the hydrolysis of egg yolk 

phosphatidylcholine (PC) into fatty acids and lysophosphatidylcholine (LPC). The LPC 

has a toxic effect on buck spermatozoa by acting like a detergent on biomembrane, 

resulting in a loss of motility, membrane integrity and consequently low fertility rate 

(Peterson et al., 2007; Amidi et al., 2010; Miclea et al., 2011; Niang et al., 2011; Hussain 

et al., 2012; Jimènez Rabadán, 2013; Yimer et al., 2014). Furthermore, the strength of 

the detergent properties of LPC depends on the amount formed, temperature (enzyme 

activity and hence LPC formation is temperature dependent), dilution or degree of 

removal of seminal plasma, the season of semen production and breed of fowl providing 

the egg yolk (Miclea et al., 2011). 

 

During the washing process, not only is the seminal plasma separated but other 

beneficial components and compounds; such as inorganic compounds, organic 

compounds, and antioxidants, are also removed. These substances are essential for 

functionality and survival as well as preventing lipid peroxidation of spermatozoa after 

ejaculation (Memon et al., 2014). During the storage of mammalian spermatozoa, 

phospholipids undergo peroxidation, the formation of toxic fatty acids peroxides causing 

structural damage to the spermatozoa accompanied by decreased motility (Mishra et al., 

2010). 

 

2.7 Effect of cryopreservation on the spermatozoa structure and functions 

 

The storage of frozen goat semen has been reported to cause ultrastructural, 

biochemical and functional damage to the spermatozoa, resulting in a reduction in 
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motility, viability, fertility, and impaired transport (Qureshi et al., 2013). Spermatozoa 

parameters are associated with male fertility or infertility. Morphology evaluation is widely 

used for predicting fertility potential in farm animals and in humans (Rybar et al., 2004; 

Mekasha et al., 2007). Spermatozoa motility, viability, membrane integrity and acrosome 

integrity are therefore vital in the evaluation criterion of semen sample quality 

(Priyadharsini et al., 2011). 

 

The DNA integrity could be useful for assessing the potential fertility of a given 

spermatozoa sample when considered along with other semen quality assays. 

Spermatozoa DNA damage has been associated with poor semen quality (Agarwal & 

Said, 2003). Cryopreservation and freeze-thaw process alter or damage the chromatin 

structure and DNA (Hammadeh et al. 1999; Ekwall, 2007; Üstüner et al., 2015). It has 

been speculated that damage to DNA integrity might be caused by environmental effects 

such as elevated temperature, toxic agents, components of semen storage extenders, 

storage conditions and the cold shock caused by freezing and thawing.  

 

Cold shock increases the susceptibility of semen to oxidative damage due to an 

increase in reactive oxygen species (ROS) production (Memon et al., 2012; Lee et al., 

2014). The ROS have been shown to change cellular functions through the disruption of 

the spermatozoa plasma membrane and damage to proteins and DNA (Hammadeh et al. 

1999; Memon et al., 2012; Lee et al., 2014). 

  

2.8 Factors affecting semen production and quality  

 

Productivity in small ruminants is affected by the seasonality of reproduction. In 

rams and bucks, a decrease in quantitative and qualitative semen production and 

spermatozoa fertility during the non-breeding season has been reported (Munyai, 2012). 

Photoperiod or annual season has been suggested as the principal factor influencing 

seasonality of reproduction in bucks at high latitudes. However, other environmental 

stimuli, such as availability of food and social interactions, should not be disregarded as 

potential regulators of the seasonality of reproduction. Nutrition is considered an 

important factor affecting seasonality of reproductive functions in bucks. However, since 

changes in photoperiod also occur during times of scarce nutrition, it is possible that 

season and nutrition have complex effects on reproductive activity (Zarazaga et al., 

2009). 
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2.9 Semen collection methods 

 

2.9.1 Semen collection using the artificial vagina 

 

An artificial vagina (AV) is a device designed to simulate the female reproductive 

tract and it is easy to use and the semen collected is generally relatively clean and the 

ejaculate is similar to the natural ejaculate (Matshaba, 2010; Munyai, 2012). The AV 

briefly consists of a rigid cylinder of rubber or polyvinyl chloride (PVC) and a thin-walled 

rubber tube for the thin-walled rubber tube over the outer cylinder. The water jacket is 

filled with warm water (45-55 °C) to bring the inside temperature of the artificial vagina to 

a few degrees Celsius (°C) above normal body temperature. The temperature of the 

water provides the thermal stimulation, while the pressure in the AV provides the 

mechanical stimulation of the vagina over the glans penis. At one end of the AV, a 

graduated glass semen collection tube is fitted. A female that is in estrus is placed in a 

neck clamp and the male is allowed to mount. When the male mounts, the penis is 

deflected into the AV, where the male ejaculates naturally (Munyai, 2012). Prior to 

semen collection, all parts of the AV should be thoroughly cleaned and rinsed with sterile 

water, then sterilised with alcohol and finally with distilled water and allowed to air dry 

and be properly assembled (Matshaba, 2010; Munyai, 2012).  

 

The prerequisites for using the AV method are that the male must be conscious, 

not significantly frightened by people and more interested in ejaculation than fighting with 

the people that are collecting semen and bucks need to be trained for this specific 

method (Ramukhithi, 2011; Matshaba, 2012). Bucks that are raised extensively could 

reject the training of AV method of collecting semen, due to infrequent contact with 

people (Ramukhithi, 2011).  Semen collection with an AV offers the advantage of 

frequent sampling without the stress of chemical or physical restraint (Durrant, 1990). 

 

2.9.2 Semen collection by electro-ejaculation 

 

The ejaculation of semen is brought about by inserting a probe or electrode into 

the rectum of the male with the contacts facing down and stimulating the sacral plexus, 

hypogastric nerves, and parasympathetic outflow through pudendal nerve by gradually 

increasing the electrical current in rhythmic fashion, for a short period of time (Matshaba, 

2010). By passing 5 to 10 seconds rhythmic electric stimuli through the electrodes, an 

ejaculation can be induced and the semen collected in a glass tube. During the 
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application of this electro-ejaculation method, the electric current produces strong 

contractions of all body muscles and a slight and temporary motor inability of the 

hindquarters and hind limbs, at the end of this treatment (Munyai, 2012). This method is 

easily adaptable, because it does not need training of males and can be the best choice 

to collect semen from valuable males, which are unable to perform natural services due 

to age or injury. Bucks are able to ejaculate when 3-5 volts of electrical stimulation is 

applied through the rectum to the accessory gland with a rest period of 3-5 seconds 

between stimulations (Ramukhithi, 2011).  

 

2.10 Semen evaluation 

 

Male fertility is a symphony of physiology, endocrinology, and behaviour. The 

ultimate test of male fertility is definitely conception. The fertilising capacity of 

spermatozoa can be evaluated by examining ova for evidence of fertilisation following 

natural breeding or AI. Traditional parameters of semen quality include volume and 

spermatozoa motility, concentration and morphology evaluations. When these 

parameters are combined, the accuracy of fertility assessment is enhanced but still 

incomplete (as none of these criteria can predict the ability of spermatozoa to perform 

effectively in the female reproductive tract). Truly comprehensive semen analysis 

involves the evaluation of the ability of spermatozoa to reach the site of fertilisation, 

undergo capacitation and the acrosome reaction, penetrate the zona pellucida, fuse with 

the ooplasm, and decondense (Durrant, 1990). The most important semen parameters 

that are subjectively or objectively evaluated immediately after semen collection include 

semen volume, colour, and pH, spermatozoa motility, morphology, viability and 

spermatozoa count/concentration (Ramukhithi, 2011). 

 

2.10.1 Manual/visual spermatozoa analysis 

 

Traditionally, the spermatozoa motility is assessed visually under contrast 

microscopy. Subjective motility evaluation performed by optical microscopic analysis 

presents variations from 30 to 60% for the same ejaculates (Konyali, 2009). 

Manual/visual microscopic spermatozoa analyses are conducted by placing a sample of 

the semen on a microscope slide and visually evaluating it, using specific criteria. These 

tests use fresh or fixed, stained or unstained semen and remain the mainstay of the 

assays conducted by most laboratories. The major limitations of manual analyses are 

that they can be influenced by human bias, as well as being a time-consuming process, 
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either in the semen sample preparation or during the analysis itself, resulting in relatively 

few spermatozoa being evaluated per ejaculate (Matshaba, 2010). 

 

2.10.2 Automatic spermatozoa analysis procedures 

 

Computer-assisted sperm analysis (CASA) is one of the systems that were 

developed in order to prevent human biases and is one of the utmost important. The 

CASA is a valuable tool for spermatozoa evaluation because it allows the evaluation of 

spermatozoa motion parameters objectively and more quickly if compared with manual 

methods. The assessment of spermatozoa motility parameters is important to evaluate 

the in vivo or IVF ability of semen samples and motility evaluated by CASA system 

provided repeatable estimates of many criteria of spermatozoa movements (Konyali, 

2009). 

 

To estimate more accurately the spermatozoa quality of a sample (fresh, cooled 

or frozen-thawed), several laboratory assays should be performed. Spermatozoa 

membrane integrity or spermatozoa viability is a parameter widely used to estimate 

spermatozoa quality. The sample is stained and then evaluated under bright field or 

fluorescence microscopy, depending on the stains used for the estimation of 

spermatozoa membrane integrity. Stains used for bright field evaluation are cheap and 

allow the estimation of this parameter with simple equipment and samples can be 

evaluated by flow cytometry. Flow cytometry measures and analyses simultaneously 

multiple physical characteristics of single particles, usually cells, as they flow in a fluid 

stream through a beam of light. Spermatozoa analysis by flow cytometry allows the 

objective, rapid and simultaneous analysis of a large number of spermatozoa and the 

results obtained with these analyses may allow the estimation of the fertility of a semen 

sample. Flow cytometry analysis by using one or more fluorescent stains can be applied 

for several spermatozoa analyses such as spermatozoa count, viability, apoptotic-like 

markers, motility, spermatozoa acrosome reaction or DNA content and integrity (Konyali, 

2009).  

 

The power of this technology is that approximately 50 000 sperm cell can be 

counted in a minute. The staining techniques are all very simple and rapid, air-dried 

sperm cell fixed in a fluorescent fixative or live sperm cell can be recorded. Fluorescent 

probes are currently available to evaluate nearly any cell attribute, which one would wish 

to measure using a fluorescent microscope (Matshaba, 2010). 
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2.11 Evaluation of semen parameters 

 

2.11.1 Semen colour and volume 

 

Buck raw (unaltered) semen appears as a thick whitish to slightly yellowish fluid 

(Bag et al., 2002; Munyai, 2012). Normal buck semen is grayish-white to yellow in colour 

and varies between bucks and ejaculates of the same buck. The dense colour (greyish 

white) may indicate a high spermatozoa concentration, while the less dense colour 

(yellow colour) may indicate low spermatozoa concentration (Hafez & Hafez, 2000; 

Matshaba, 2010; Munyai, 2012). The presence of blood in the semen is indicated by a 

pink colour of the semen (contamination) and can be due to injury or disease of the penis 

or reproductive tract (Matshaba, 2010; Munyai, 2012). Contaminated semen samples 

should be discarded (Matshaba, 2010). 

 

Semen volume together with spermatozoa concentration play a major role during 

semen dilution, as the researchers will know how much extender is needed to dilute a 

certain semen volume. Dilution of goat semen containing a high spermatozoa 

concentration allows high volumes of extenders resulting in an increased number of 

semen straws that can be frozen; hence, more females could be served. In bucks, 

semen collected with electro-ejaculator method ranges from 0.7 mL to 2.2 mL and that 

collected with artificial vagina method ranges from 0.5 mL to 1 mL (Ramukhithi, 2011). 

 

2.11.2 Semen pH 

 

A pH of approximately 6.8 to 7.0 falls within the optimum activity ranges of most 

of the enzymes in the spermatozoa. A higher metabolic rate is expected when the pH of 

semen is maintained near neutrality (7.0). However, the pH of semen could deviate 

towards alkalinity or acidity and then the metabolic rates are increasing or reducing 

(Matshaba, 2010). The pH meter is used to measure semen pH. Changes in semen pH 

can be due to semen collection method and cryopreservation media. It is best to 

maintain the proper environment by controlling pH fluctuations in the cryopreservation 

media using buffers (Ramukhithi, 2011).  

 

2.11.3 Semen concentration  

 

Spermatozoa concentration of ejaculates determines the number of females that 

will be inseminated. Semen sample is diluted according to the concentration. Therefore, 
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high spermatozoa concentration results in high number of insemination doses or semen 

straws (Ramukhithi, 2011). Sperm cell concentration can be evaluated using spermacue, 

photometers and haemocytometers (Dombo, 2002). 

 

2.11.4 Spermatozoa motility 

 

Spermatozoa motility is an important, useful parameter of spermatozoa. It is a 

widely used criterion to assess the effects of freezing on spermatozoa of various 

species. The evaluation of spermatozoa motility is a crucial parameter in the assessment 

of semen quality and in the establishment of correlations between spermatozoa quality 

and fertility. Spermatozoa motility can be evaluated for both raw and frozen-thawed 

semen (Ramukhithi, 2011).  The ability of spermatozoa to migrate through the female 

genital tract and penetrate or fertilise the oocytes thus depends on the hydrodynamic 

potential exerted by the flagella bending and the resistance exerted by the secretions 

present in the lumen of the genital tract. Different rates in the transport of spermatozoa 

are mainly based on the kinematic properties that define the propulsive strength. 

Spermatozoa motility is believed to be one of the most important characteristics used 

when evaluating the fertility potential of ejaculated spermatozoa. It has been stated that 

the spermatozoa motility parameters of goat semen can be useful in the selection and 

ranking of bucks regarding their potential fertility. 

 

 It is important to protect the ejaculated semen from harmful agents or conditions prior to 

evaluation because spermatozoa motility is susceptible to environmental changes 

(excessive warm or cold ambient temperatures). An experienced technician and a 

properly equipped laboratory are essential for a reliable estimation of the semen motility. 

At present, the objective assessment of spermatozoa motility is possible with CASA, 

which considers many motility properties, eliminating human errors. However, the 

equipment is expensive and is generally not used in routine semen evaluation 

procedures (Matshaba, 2012). The motility parameters evaluated by CASA are as 

follows; total motility (TM), progressive motility (PM), non-progressive motility, rapid 

(RAP) motility, and medium (MED), slow (SLW) and static (STC). The kinematic 

parameters evaluated by CASA are as follows; velocity on the curve line (VCL), velocity 

on the straight line (VSL), average path velocity (VAP), linearity (LIN), straightness 

(STR), wobble (WOB), amplitude of lateral head displacement (ALH), beat cross 

frequency (BCF). 
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2.11.5 Spermatozoa morphology 

 

Spermatozoa morphology seems to be one of the most important qualitative 

characteristics of semen and can serve as an indicator of some disorders in the process 

of spermatogenesis. Morphologic assessment of the spermatozoa is an integral 

component in the analysis of semen and is an important part of any breeding buck 

soundness examination (Mekasha et al., 2007; Matshaba, 2010). Spermatozoa 

abnormalities have been found to negatively affect the motility, the survival and 

fertilisation rates in several species. Eosin is referred to as a differential stain, as it 

cannot pass through living cell membranes. A background stain such as Nigrosin, opal 

blue or fast blue provides a good contrast making the unstained spermatozoa heads 

more visible. The partial stained and totally stained spermatozoa represent dead cells, 

whereas unstained spermatozoa represent live cells (Matshaba, 2010). Abnormalities 

can occur in any region of the spermatozoa. The abnormalities’ are classified into 

primary, secondary and tertiary abnormalities. Primary abnormalities occur during 

spermatogenesis in the testes (small, large, swollen and double heads, abnormal 

acrosome, elongated and abaxial mid-piece, double and short tail. Secondary 

abnormalities occur during maturation in the epididymis (detached, loose or damaged 

acrosomes, bent and protoplasmic droplets of the mid-piece, bent and shoe-hook tail). 

Tertiary abnormalities results from poor handling of the semen after collection (reacted 

acrosomes and coiled spermatozoa tails (Ramukhithi, 2011). 

   

2.12 Cryopreservation of semen 

 

Due to the development of semen collection, storage, and AI techniques, donor 

males have a great impact on reproductive success. This is because each of the 

ejaculates of the males can be used to inseminate many females. To increase storage 

period of the semen collected, it is necessary to develop an optimal cryopreservation 

protocol. Cryopreserved semen may have a great economic impact for breeders and 

animal production industries as cryopreservation permits the utilisation of semen outside 

the sexual season in seasonal species and it permits covering the demand of seminal 

doses in seasons where the seminal quality of the male decreases (Konyali, 2009). 

 

2.13 Semen diluents  

 

The purpose of diluents in semen cryopreservation is to provide the spermatozoa 

with energy, protection from temperature related damage/shock and maintain a 
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sustainable environment for the spermatozoa to survive temporarily. The volume of 

diluents to be added in semen is based on the specific volume of semen or by diluting 

semen to a specific spermatozoa concentration. A number of diluents have been 

evaluated in the past for the freezing of goat semen, e.g. reconstituted cow skimmed 

milk, sodium citrate-glucose yolk, lactose yolk, saccharose ethylene diamine triacetic 

acid (EDTA), CaNa2 yolk, raffinose yolk, Spermasol yolk and Tris-yolk. All extenders 

used for semen preservation in domestic farm species must have the appropriate pH and 

buffering capacity, suitable osmolality and should protect the spermatozoa from any 

cryogenic injury (Matshaba, 2010). Most of the semen extenders have an egg yolk in 

their composition and different combinations of cryoprotectants at different 

concentrations. Some of the cryoprotectants that have been used are dimethyl 

sulphoxide (DMSO), glycerol, ethylene glycol, acetamide, trehalose, methylcellulose, 

sucrose and skimmed milk. The composition of the extenders assists in stabilising the 

cell during the freezing and thawing process (Soylu et al., 2007). Egg-yolk-based 

extender is regarded as a non-permeable cryoprotectant. Extenders consist of one or 

more cryoprotectant, sugar, buffer and antibiotics (Chanapiwat et al., 2012). 

 

2.13.1 Cryoprotectants used in semen cryopreservation 

 

Among factors affecting the freezing ability of spermatozoa, supplementation of 

the freezing medium with different types of cryoprotectant plays a vital role in minimising 

the physical and chemical stresses occurring during cryopreservation procedure 

(Anakkul et al., 2013). The cryoprotectants and their modes of action have been focused 

on, with glycerol and DMSO being the most commonly used (Munyai, 2012). Glycerol is 

commonly added to semen extenders for freezing mammalian semen and has yielded 

successful results in the cryopreservation of sheep and goat semen (Soylu et al., 2007; 

Sundararaman & Edwin, 2008; Farshad & Akhondzadeh, 2008; Chanapiwat et al., 2012; 

Lee et al., 2014). Although glycerol protects the spermatozoa from cryoinjury by 

removing the water found within the cell and by increasing extracellular osmolality 

(tonicity), the presence of glycerol in the semen extender causes certain structural 

damage at room temperature (Sundararaman & Edwin, 2008; Farshad & Akhondzadeh, 

2008). For these reasons, many studies have been carried out on the amount of glycerol 

and the timing protocol for adding it to the extender and on the exclusion of the glycerol 

from the freezing media (Soylu et al., 2007). Low molecular weight cryoprotectant, such 

as ethylene glycol may cause less damage to the spermatozoa than glycerol because its 

lower molecular weight allows it to cross the plasma membrane easier (Lee et al., 2014). 

Dimethyl sulfoxide (DMSO) is the internal cryoprotectant that reduces the formation of 
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intracellular ice crystals, thus preserving the fertilising potential of spermatozoa (Varela 

Junior et al. 2015). DMSO can also increase the concentration of calcium ions in 

cytoplasm, causing a variety of metabolic responses such as depolymerisation and 

cytoskeleton assembly (Anil, 2013). Sugar is an energy source during incubation and 

also acts as a non-permeable cryoprotectant and minimises osmotic stress during the 

freezing and thawing processes. It protects the spermatozoa from dehydration and 

intracellular ice formation during the freezing process. Different types of sugars 

(trehalose, lactose, fructose, glucose, sucrose, sorbitol and raffinose) have been used in 

the freezing extender of semen (Farshad & Akhondzadeh, 2008; Chanapiwat et al., 

2012). The storage temperature, the molecular weight of the sugar and the type of buffer 

used in the extender affect the cryoprotective ability of sugars (Farshad & Akhondzadeh, 

2008). 

 

2.13.2 Antioxidants 

 

Antioxidants such as glutathione, oxidised glutathione, cysteine, taurine, 

hypotaurine, bovine serum albumin, trehalose, and hyaluronan have been tested to 

determine their abilities to minimise the damage caused by cooling and freeze-thawing of 

goat semen and ram semen (Ajao, 2015). 

 

2.13.3 Antibiotics  

 

The antibiotics added to diluents allow for spermatozoa preservation without 

excessive bacterial growth (Van Staden, 2010). To prevent the growth of 

microorganisms in the semen, antibiotics such as penicillin, streptomycin, polymyxin B, 

sulfanilamide and other combinations of antibiotics are added in the diluents (Ajao, 

2015). 

 

2.13.4 Buffers 

 

Buffers are solutions, which lessen the change of pH upon addition of small 

amounts of acids or base or upon dilution. A buffering solution should have a pH of 6.0 – 

8.0 and should have minimal interactions with sodium citrate and citric acid and be 

minimally affected by temperature and ionic contents. Seminal plasma also functions as 

a buffer for spermatozoa against changes in pH in in vivo conditions (Ramukhithi, 2011). 
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CHAPTER 3 

MATERIALS AND METHODS 

3. 1 Ethical approval  

 

The present study was conducted with the approval of the Research Ethics 

Committee of the University of Venda (SARDF/15/ANS/08/0502). 

   

3.2 Study site 

 

This study was conducted at the experimental farm and the Biotechnology 

Laboratory of Centre of Excellence in Animal Assisted Reproduction (CEAAR) of the 

University of Venda located in Thohoyandou (22° 57' 0" South, 30° 29' 0" East), Limpopo 

Province, Republic of South Africa. 

 

3.3 Experimental bucks  

 

A total of six unimproved indigenous domesticated bucks aged 3 to 4 years were 

used as semen donors. The bucks were kept in pens at the experimental farm and 

maintained on ewe and lamb pellets with water provided ad libitum throughout the 

experiment. 

 

3.4 Semen collection and processing 

 

Semen samples were collected twice a week (Monday and Thursday) from 

October to December 2015 using an electro-ejaculator [(EE) Pulsator IV Complete, Lane 

Manufacturing incorporation, Denver, CO 80231, USA]. The collection was performed in 

the morning between 07:00 am and 10:00 am. Prior to semen collection, the hair around 

the sheath was clipped with a pair of scissors and the prepuce was washed with 70% 

ethanol and wiped with a sterile paper towel to prevent contamination by dirt and excess 

urine from the sheath. The buck was laid down on its side during semen collection. The 

probe was washed with clean tap water, wiped with a paper towel, and lubricated with 

KY Jelly®. The probe was inserted into the rectum of the buck, and the monitor was 

switched on and set for manual running. Semen samples were collected into pre-warmed 

(37 °C) 15 mL graduated plastic tubes and immediately placed in a thermo flask with 

water at 37 °C. The collected buck semen samples were then transported to the 
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laboratory for further analysis with an average interval of 15 minutes between each 

ejaculate and kept in a water bath at 37 °C.  

 

The buck semen samples were pooled to eliminate individual differences 

between the samples. Pooled semen were randomly allocated into six aliquots, namely 

(i) Raw non-washed, (ii) Raw washed, (iii) Triladyl®-washed semen, (iv) Triladyl®-non-

washed semen, (v) Bioxcell®-washed semen, and (vi) Bioxcell®-non-washed washed. 

Triladyl® and Bioxcell® washed semen groups were mixed with PBS at a ratio of 1:4. 

Semen samples were then centrifuged at 1500 x g for 10 min. Following centrifugation, 

seminal plasma was removed using 1 mL sterile plastic hand pipette, leaving only the 

spermatozoa pellets. 

3.5 Semen evaluation before extension 

 

The following semen parameters were evaluated: spermatozoa motility, viability, 

morphology, acrosome, and chromatin and mitochondria membrane potential 

  

3.5.1 Evaluation of spermatozoa motility 

 

Spermatozoa motility rate was analysed using the Sperm Class Analyzer® (SCA), 

version 5.4, (Microptic SL, Barcelona, Spain) system (Ajao, 2015) known as Computer-

Aided Sperm Analyser (CASA). Five hundred microliters of phosphate buffered saline 

(PBS) (Sigma-Aldrich, St Louis, MO, USA) plus 20 µL of raw semen were mixed in an 

Eppendorf tube (Simport, Canada) using a hand pipette. A drop (2 µL) of semen sample 

was placed on a pre-warmed (37 °C) microscopic glass slide (MS labcon) and mounted 

with a cover of a microscopic glass slip and examined under a CASA microscope. Four 

fields per sample were captured under 10X magnification with a Ph1 phase contrast. The 

motility parameters recorded by CASA are as follows; total motility (TM), progressive 

motility (PM), non-progressive motility, rapid (RAP) motility, and medium (MED), slow 

(SLW) and static (STC). The kinematic parameters recorded by CASA are as follows; 

velocity on the curve line (VCL), velocity on the straight line (VSL), average path velocity 

(VAP), linearity (LIN), straightness (STR), wobble (WOB), amplitude of lateral head 

displacement (ALH), beat cross frequency (BCF). 
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3.5.2 Evaluation of spermatozoa viability (live/dead) 

 

Spermatozoa morphology/viability was analysed using an Eosin-Nigrosin (Merck 

Millipores Corporation) staining solution (Raseona, 2015). A drop of 20 µL Eosin and a 

drop of 10 µL Nigrosin were placed on the one end of the pre-warmed (37 °C) 

microscopic glass slide (MS labcon) using a hand pipette. Then 10 µL of semen was 

placed on the stains and they were gently mixed together with the tip of the hand pipette 

and then a smear was made using a pipette tip (to avoid breakage of spermatozoa 

during the smear) at 37 °C. The slide was placed on the slide warmer (Buehler® LTD, 

Illinois, USA) at 120 °C to allow the smear to dry fast. Dried microscopic slides were 

analysed for viability using the CASA microscope at 60 X magnification with oil 

immersion (uniLab, Merck chemicals, (PTY) LTD) and 300 spermatozoa were 

counted/slide/replicate. The live spermatozoa are unstained and the dead spermatozoa 

are stained.  

 

3.5.3 Evaluation of spermatozoa morphology and acrosome membrane damage  

 

Spermatozoa morphology and acrosome membrane damage were analysed by 

staining spermatozoa with Spermac® stain (Stain enterprises, South Africa) (Raseona, 

2015). A drop of 15 µL of semen was placed on a microscopic glass slide using a hand 

pipette. A smear was made by gently pulling semen from one end to the other end using 

a hand pipette tip and was allowed to air dry for about 10 min on a warm plate at 37 °C. 

The absorbent paper was spread inside the staining tray to absorb excess stain during 

the staining procedure and the smeared slide was placed on the staining tray. The 

smeared slide was fixed with the Spermac® fixative by placing fixative drops on the 

smeared slide until it was covered with the fixative using a hand pipette. After 1 min, the 

microscopic slide was then placed vertically on absorbent paper to drain excess fixative 

into the staining tray. The slide was then washed gently by dipping it seven times in a 

glass beaker with distilled water to remove the stain. The fixed slide was placed on the 

staining tray with absorbent paper and stained with stain A by placing stain drops on the 

fixed slide until it was covered with stain A using the hand pipette for 1 min. The stained 

slide was then drained by holding the slide vertical on its side and washed by dipping the 

slide seven times in a glass beaker with distilled water. The slide was placed vertically on 

absorbent paper to drain excess water. The same procedures were repeated with stains 

B and C. The slides were allowed to air dry for 15 min and then observed under a light 

microscope (60 X magnification) using oil immersion and 300 spermatozoa per stained 
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slide were counted. The acrosome stained dark green and nucleus stained red and 

morphology were evaluated for the abnormal head, bent mid-piece and coiled tail. 

 

3.5.4. Acridine orange (AO) staining procedure for evaluation of chromatin 

structure 

 

Acridine orange staining solution was prepared as follows: 10 mL of 0.1% AO 

stock solution (Sigma-Aldrich, St Louis, MO, USA) in distilled water was added to a 

mixture of 40 mL of 0.1 M citric acid (MW= 192.12) and 2.5 mL of 0.3 M Na 2HPO4.7H20 

(MW= 177.99) (Sadeghi et al., 2009). The pH was adjusted to 2.5 (Sadeghi et al., 2009). 

Acridine orange was used to analyse the chromatin membrane of the buck spermatozoa. 

The raw semen sample in a 15 mL tube was washed three times in PBS by 

centrifugation at 1500 x g for 10 min. Fifteen microliter drops of the spermatozoa pellets 

were smeared on a microscope glass slides using a hand pipette tip and was allowed to 

air-dry for 10 min. The smeared slides were fixed for 1 hour in ethanol-acetone (1:1) in a 

staining tray at 4 °C and were allowed to air-dry for 10 min. The microscope slides were 

then stained for 7 min with AO (0.19 mg/mL) at room temperature in the dark. The 

microscope slides were gently rinsed by dipping the slides in a glass beaker with distilled 

water and air-dried for 10 min, then viewed under a UV light inverted microscope at 40X 

magnification (Nikon eclipse TI, Narishige Co., Ltd. USA).  Three hundred spermatozoa 

per stained slide were counted. Green spermatozoa have normal chromatin and red or 

yellow spermatozoa have denatured chromatin. 

 

3.5.5 JC-1 staining procedure for evaluation of mitochondrial membrane potential 

 

The JC-1 stain (Molecular probes®, Eugene. Oregon. USA) was used to analyse 

the spermatozoa mitochondrial membrane potential (Kasai et al., 2002). Five mg of JC-1 

was dissolved in 5 mL of DMSO (Sigma-Aldrich, St Louis, MO, USA). All staining 

procedures were done in subdued light because the JC-1 stain is light sensitive. To 

avoid repeated freeze/thawing of the JC-1 stock solution small aliquots were made after 

the first thaw and stored at -20°C. Before staining the spermatozoa, the JC-1 stain was 

thawed. JC-1 stain and PBS were warmed to room temperature. Semen was diluted with 

PBS (1:4 v/v) and centrifuged at 1500 x g for 10 min. A hand pipette was used to suck 

the fluid carefully to avoid disturbing the spermatozoa pellets. Ten microliters of JC-1 

staining solution supernatant was diluted in pre-warmed 100 µl of PBS in an Eppendorf 

tube (vortex during dilution to prevent the formation of precipitates) and placed in a water 
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bath at 37 °C. The JC-1 reagent was diluted immediately prior to use. The spermatozoa 

pellets were diluted with PBS and 5 µL of PBS with spermatozoa were mixed with 5 µl of 

the JC-1 staining solution in an Eppendorf tube. The Eppendorf tube was then placed in 

an incubator and the spermatozoa were incubated for 10 minutes at 37 °C. After 

incubation, washing was done twice by mixing 40 µL of PBS with incubated spermatozoa 

using a hand pipette. After washing, a 2 µl drop of PBS containing spermatozoa was 

placed on a slide and covered with a coverslip. Spermatozoa were observed immediately 

under a UV light inverted microscope at 40 X magnification (Nikon eclipse TI, Narishige 

Co., Ltd. USA). Three hundred spermatozoa per stained slide were counted. The 

spermatozoa mitochondria with high membrane potential appeared reddish and 

mitochondria with low membrane potential appeared greenish. 

 

3.6 Preparation and composition of semen extenders 

 

The extenders used in this study were Bioxcell® (IMV, L’Aigle, France) and 

Triladyl® (Minitüb, Germany). Bioxcell® is a soy lecithin extender and Triladyl® is an egg 

yolk extender. The following were the compositions and preparations of Bioxcell® and 

Triladyl® extenders used in the present study. 
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Table 3.1: Composition of Bioxcell® and Triladyl® semen extender 

Ingredients  Quantity for Bioxcell® Quantity for Triladyl® (250 g) 

Tris  2.3 g 12.1 g 

Fructose  1.2 g 5 g 

Sodium citrate  6.2 g - 

Monohydrate lactose  0.8 g - 

Glycine  0.2 g - 

Anhydrous glucose  0.5 g - 

Taurine  0.005 g - 

Gentamicin sulphate  0.24 g 25 mg 

Tylosin tartrate  0.33 g 5 mg 

Linco-spectin, 

Lincomycin, 

Spectinomycin 

0.383 g, (15 mg), (30 

mg) 

  

Glycerol  40.2 g 86 g 

Hydrate of calcium lactate  0.7 g - 

Soy lecithin  1.5 g - 

Monohydrate citric acid  2.5 g 6.9 g 

Ultrapure water  1000 mL 140 g 

 

One bottle of Bioxcell® (100 mL) was diluted with 400 mL of distilled water for a 

final extended, ready to use the volume of 500 mL. It was then aliquoted into 15 mL 

graduated tubes and stored at -20 °C.  The egg yolk was separated from the albumen by 

passing the egg yolk from one-half of the shell to the other in order to get rid of the 

albumin (Ajao, 2015).  The egg yolk was placed in a gauze swab (Johnson & Johnson 

(PTY) LTD, South Africa) and a 18-gauge needle (Sigma-Aldrich, St Louis, MO, USA) 

was used to punch the egg yolk in order to separate the egg yolk from its membrane and 

some contents of albumin to the 15 mL graduated tube (Cell Star® tubes, Greiner Bio-one 

GmbH, Germany). Triladyl® concentrate was added slowly to the water and the mixture 

was added to egg yolk. The mixture was stirred and filtered using a sterile filter funnel. 

The final mixture of Triladyl® extender was kept in 15 mL graduated tubes, sealed with 

Parafilm “M”® (American National Can, Chicago, USA)  to avoid contamination and 

stored at 5 ºC. 
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3.7 Semen extension, equilibration and evaluation of semen samples 

 

Semen samples were extended with pre-warmed (37 °C) Bioxcell® or Triladyl® at 

a ratio of 1:4 (semen to extender). Rapid cooling was done by placing the tubes in a 

beaker with cool water (25 °C). After 10 min, the beaker was transferred into the 

refrigerator and cooled to 5 °C for two hours (Ajao, 2015). The equilibrated semen 

samples were removed from the 5 ºC refrigerator for evaluation. The equilibrated semen 

samples were evaluated for spermatozoa motility, viability, morphology, chromatin and 

mitochondrial membrane potential. 

 

3.8 Freezing of semen 

 

After 2 hours of equilibration at 5 °C, the semen samples were loaded into 0.25 

mL plastic straws per treatment group by sucking the semen into the straws. The loaded 

straws were sealed with polyvinyl powder by dipping the straws into a 50 mL graduated 

tube containing the polyvinyl powder and then placed horizontally on a semen freezing 

holding rack. The rack carrying the diluted cooled semen straws was suspended in liquid 

nitrogen vapour, 5 cm above a liquid nitrogen surface in a polystyrene box for 10 min. At 

the end of the 10 minutes, all semen straws were plunged directly into the LN2 (-196 ºC). 

The frozen semen straws were immediately transferred into LN2 canisters that were 

contained in LN2 tank and stored for a month before thawing. 

 

3.9 Semen thawing procedure 

 

Frozen semen straws were removed from the liquid nitrogen canister (-196°C) 

during the thawing process. The frozen semen straws were plunged into the water bath 

(37°C) for 30 seconds. The frozen-thawed semen was evaluated for spermatozoa 

motility, viability, morphology, chromatin and mitochondrial membrane potential. 

 

3.10 Statistical analysis  

 

The data were analysed by analysis of variance (ANOVA) for a 3 X 2 factorial design in a 

completely randomized design using the General Linear Model (GLM) procedure of SAS 

version 12.1 of 2010. A significant difference (P<0.05) among the mean values of semen 

parameters were determined by Tukey’s test method. 
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The following statistical model was used; 

 

Yijk = μ + Ei + Pj + Sk + (EPS)Ijk + Σijk 

 

Where: Yijk is the observation 

   µ is the overall mean 

   Ei is the effect of the ith extender 

   Pj is the effect of the jth plasma status 

   Sk is the effect of the kth semen status 

 (EP)ij is the interaction between the ith extender and the jth plasma status 

 (ES)ik is the interaction between the ith  extender and the kth semen status 

 (EPS)ijk is the effect of the interaction of the ith extender jth plasma status kth 

semen status    

 Σijk is the random error 
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CHAPTER 4 

RESULTS 

 

4.1 The effect of extenders and removal of seminal plasma on semen parameters 

of South African indigenous goats following equilibration are presented in Table 

4.1 to 4.4. 

 

The spermatozoa total motility rate in non-washed semen extended with Triladyl® 

(90.5±7.5) was significantly lower (P < 0.05) compared to semen samples extended with 

Bioxcell® (97.8±2.3) extender (Table 4.1). Spermatozoa total motility rate in washed 

semen extended with Bioxcell® (92.5±4.6) was not significantly different (P > 0.05) from 

semen extended with Triladyl® (94.9±5.5). The spermatozoa progressive motility rate in 

non-washed semen extended with Triladyl® (77.0±10.8) was significantly (P < 0.05) lower 

than the semen extended with Bioxcell® (89.6±7.5). A higher (P < 0.05) percentage of 

non-progressive spermatozoa motility rate of semen extended with Triladyl® (13.5±5.5) 

extender was recorded compared to semen extended with Bioxcell® (8.2±5.6) extender 

in non-washed semen samples. The rapid spermatozoa motility rate of semen extended 

with Triladyl® (75.8±10.9) extender was significantly lower (P < 0.05) than the semen 

extended with Bioxcell® (87.8±8.4) of non-washed semen. 

 

Table 4.1: Effect of extenders (Bioxcell® & Triladyl®) and seminal plasma (non-washed & 

washed) on equilibrated spermatozoa motility parameters (mean ± S.E.) 

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

Raw NW 98.9±1.2a 92.9±4.7a 6.0±3.7b 91.6±5.6a 6.3±4.0d 1.0±0.7bc 1.1±1.1b 

Biox NW 2h 97.8±2.3a 89.6±7.5a 8.2±5.6b 87.8±8.4a 8.4±5.0dc 1.7±1.6b 2.2±2.3b 

Tril NW 2h 90.5±7.5c 77.0±10.8b 13.5±5.5a 75.8±10.9b 11.8±2.5bc 3.8±1.9a 8.7±7.7a 

Raw W  98.2±2.7a 91.4±7.9a 6.8±5.3b 89.7±9.0a 7.1±4.6d 1.4±1.8b 1.8±2.7b 

Biox W 2h 92.5±4.6bc 78.8±6.4b 13.7±2.1a 75.8±7.7b 12.9±4.0ab 3.7±1.5a 7.5±4.5a 

Tril W 2h 94.9±5.5ab 78.6±10.8b 16.3±5.7a 75.1±9.6b 16.1±3.4a 3.7±2.7a 5.1±5.5ab 

Different superscripts (a, b, c and d) within the same column indicate significant differences among the 

means (P < 0.05) 

Raw NW = raw non-washed, Biox NW 2 h = Bioxcell® non-washed 2 hours, Tril NW 2 h = Triladyl® non-

washed 2 hours, Raw W = raw washed, Biox W 2 h = Bioxcell® washed 2 hours, Tril W 2 h = Triladyl® 

washed 2 hours, TM = total motility, PM = progressive motility, NPM = non-progressive motility, RAP= rapid, 

MED = medium, SLW = slow, STC = static. 
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The spermatozoa velocity on the curve line (VCL) in washed semen extended 

with Triladyl® (79.0±7.9) was significantly lower (P < 0.05) than the semen extended with 

Bioxcell® (90.4±9.1) extender (Table 4.2). The percentage spermatozoa velocity on the 

straight line (VSL) was significantly higher (P < 0.05) in non-washed semen extended 

with Bioxcell® (53.0±9.7) extender than the semen extended with Triladyl® (42.5±4.5) 

extender. The percentage spermatozoa VSL was significantly higher (P < 0.05) in 

washed semen extended with Bioxcell® (58.5±5.6) extender than the semen extended 

with Triladyl® (45.9±3.9) extender. The spermatozoa average path velocity (VAP) was 

significantly higher (P < 0.05) in non-washed semen extended with Bioxcell® (72.3±11.3) 

extender than the semen extended with Triladyl® (61.2±6.3) extender. The spermatozoa 

VAP was significantly higher (P < 0.05) in washed semen extended with Bioxcell® 

(77.0±8.0) extender than the semen extended with Triladyl® (62.5±6.1) extender. The 

spermatozoa linearity (LIN) in non-washed semen extended with Bioxcell® (58.3±6.9) 

was significantly higher (P < 0.05) than the semen extended with Triladyl® (45.5±5.2) 

extender. The spermatozoa LIN in washed semen extended with Bioxcell® (64.8±1.9) 

was significantly higher (P < 0.05) than the semen extended with Triladyl® (58.2±3.2) 

extender. 

 

Table 4.2 effect of extenders (Bioxcell® & Triladyl®) and seminal plasma (non-washed & 

washed) on equilibrated spermatozoa kinematic parameters (mean ± S.E.) 

Different superscripts (a, b, c and d) within the same column indicate significant differences among means (P 

< 0.05) 

Raw NW = raw non-washed, Biox NW 2 h = Bioxcell® non-washed 2 hours, Tril NW 2 h = Triladyl® non-

washed 2 hours, Raw W = raw washed, Biox W 2 h = Bioxcell® washed 2 hours, Tril W 2 h = Triladyl® 

washed 2 hours, VCL = velocity on the curve line, VSL = velocity on the straight line, VAP = average path 

velocity, LIN = linearity, STR = straightness, WOB = wobble, ALH = amplitude of lateral head displacement, 

BCF = beat cross frequency. 

 

Treatment  VCL 

(µm/sec) 

VSL 

(µm/sec) 

VAP 

(µm/sec) 

LIN 

(%) 

STR 

(%) 

WOB 

(%) 

ALH 

(µm) 

BCF 

(Hz) 

Raw NW 96.2±7.8a 47.2±6.5bc 69.7±5.3b 49.5±8.0c 67.6±5.8c 72.7±5.8c 2.9±0.4b 7.3±0.4c 

Biox NW 2h 90.8±12.7a 53.0±9.7ab 72.3±11.3ab 58.3±6.9b 73.1±4.6ab 79.6±4.6b 2.6±0.3cd 7.4±0.4c 

Tril NW 2h 94.0±9.9a 42.5±4.5c 61.2±6.3c 45.5±5.2c 69.6±4.1bc 65.3±4.0d 3.5±0.4a 10.1±0.8a 

Raw W  95.6±3.7a 53.3±10.8ab 73.8±7.8ab 55.9±11.5b 71.6±7.9bc 77.3±8.0b 2.7±0.4bc 7.4±0.2c 

Biox W 2h 90.4±9.1a 58.5±5.6a 77.0±8.0a 64.8±1.9a 76.1±1.5a 85.2±1.3a 2.3±0.1d 7.2±0.3c 

Tril W 2h 79.0±7.9b 45.9±3.9c 62.5±6.1c 58.2±3.2b 73.6±2.5ab 79.0±2.2b 2.4±0.2cd 8.0±0.4b 



33 
 

Live spermatozoa percentage in non-washed semen extended with Triladyl® 

(60.7±22.9) extender was not significantly different (P > 0.05) from the semen extended 

with Bioxcell® (60.7±22.8) extender (Table 4.3). Live spermatozoa percentage in washed 

semen extended with Triladyl® (27.7±17.1) extender was reduced significantly (P < 0.05) 

compared to semen extended with Bioxcell® (48.0±28.8). There was no significant 

difference (P > 0.05) in abnormal live spermatozoa morphology of semen samples 

extended with both Bioxcell® and Triladyl® extenders of non-washed and washed semen 

samples. A higher percentage of live spermatozoa with an abnormal tail was recorded, 

compared to head and mid-piece abnormalities.  

 

Table 4.3 Effect of extenders (Bioxcell® & Triladyl®) and seminal plasma (non-washed & 

washed) on equilibrated spermatozoa viability and morphology parameters (mean ± 

S.E.) 

Treatment  Viability Head  

Abnormal 

 (%) 

Bent 

mid-piece 

 (%) 

Coiled 

tail  

(%)  

Live & normal 

(%) 

Dead  

(%) 

Raw NW 71.7±12.3a 28.3±12.3c 14.1±16.4a 23.6±11.9a 62.3±23.2a 

Biox NW 2h 73.1±14.0a 26.9±14.0c 8.9±20.4a 34.5±26.4a 56.6±25.5a 

Tril NW 2h 60.7±22.8ab 39.3±22.8bc 10.1±8.5a 34.2±28.6a 55.7±26.6a 

Raw W  60.7±22.9ab 39.3±22.9bc 8.2±10.7a 43.8±12.1a 48.0±12.5a 

Biox W 2h 48.0±28.8b 52.0±28.8b 8.9±20.4a 34.5±26.4a 56.6±25.5a 

Tril W 2h 27.7±17.1c 74.3±17.1a 10.1±8.5a 34.2±28.6a 55.7±26.6a 

Different superscripts (a, b and c) within the same column indicate significant differences among means (P < 

0.05) 

Raw NW = raw non-washed, Biox NW 2 h = Bioxcell® non-washed 2 hours, Tril NW 2 h = Triladyl® non-

washed 2 hours, Raw W = raw washed, Biox W 2 h = Bioxcell® washed 2 hours, Tril W 2 h = Triladyl® 

washed 2 hours.   

 

The percentage of spermatozoa acrosome integrity in non-washed semen 

extended with Bioxcell® (71.1±13.8) extender was not significantly different (P < 0.05) 

from the semen extended with Triladyl® (60.1±15.9) extender (Table 4.4). The 

spermatozoa chromatin integrity was lower (P > 0.05) in washed semen extended with 

Triladyl® (46.3±9.4) than the semen extended with Bioxcell® (56.8±13.6). There was a 

lower (P > 0.05) percentage of spermatozoa with high mitochondrial membrane potential 

in non-washed semen extended with Bioxcell® (39.5±23.2) extender than the semen 

extended with Triladyl® (51.2±31.4) extender.  There was a lower (P > 0.05) percentage 

of spermatozoa with high mitochondrial membrane potential in washed semen extended 
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with Bioxcell® (37.9±28.6) extender than the semen extended with Triladyl® (59.1±33.1) 

extender. 

 

Table 4:4 Effect of extenders (Bioxcell® & Triladyl®) and seminal plasma (non-washed & 

washed) on equilibrated spermatozoa acrosome, chromatin and mitochondrial 

membrane potential (mean ± S.E.) 

Treatment  Normal 

acrosome 

(%) 

Reacted 

acrosome 

(%) 

Normal 

chromatin 

(%) 

Reacted 

chromatin 

(%) 

Δψmhigh  

(%) 

Δψmlow  

(%) 

Raw NW 62.8±13.7a 37.2±13.7a 82.2±16.5a 17.8±16.5d 83.4±14.2a 16.6±14.2c 

Biox NW 2h 71.1±13.8a 28.9±13.8a 79.8±21.9ab 20.2±21.9cd 39.5±23.2c 60.5±23.2a 

Tril NW 2h 60.1±15.9a 40.3±16.0a 67.5±24.4abc 32.5±24.4bcd 51.2±31.4bc 48.8±31.4ab 

Raw W  68.4±19.0a 31.6±19.0a 65.1±17.5bc 34.9±17.5bc 65.0±20.8ab 35.0±20.8bc 

Biox W 2h 71.3±22.7a 28.7±22.7a 56.8±13.6cd 43.2±13.6ab 37.9±28.6c 62.1±28.6a 

Tril W 2h 70.1±13.4a 29.9±13.4a 46.3±9.4d 53.7±9.4a 59.1±33.1bc 40.9±33.1ab 

 Different superscripts (a, b, c and d) within the same column indicates significant differences among means 

(P < 0.05) 

Raw NW = raw non-washed, Biox NW 2 h = Bioxcell® non-washed 2 hours, Tril NW 2 h = Triladyl® non-

washed 2 hours, Raw W = raw washed, Biox W 2 h = Bioxcell® washed 2 hours, Tril W 2 h = Triladyl® 

washed 2 hours, Δψmhigh = High mitochondrial membrane potential, Δψmlow = Low mitochondrial membrane 

potential. 

 

4.2 The effect of extenders and removal of seminal plasma on semen of South 

African indigenous goats following freezing-thawing are presented in Table 4.5 to 

4.8. 

 

The spermatozoa total motility rate in non-washed semen extended with Bioxcell® 

(85.0±3.4) extender was significantly higher (P < 0.05) than the semen extended with 

Triladyl® (73.9±13.8) extender (Table 4.5).  The spermatozoa progressive motility rate in 

non-washed semen extended with Bioxcell® (58.5±10.0) extender was significantly 

higher (P < 0.05) than the semen extended with Triladyl® (45.4±11.2) extender. The 

spermatozoa non-progressive motility rate in washed semen extended with Bioxcell® 

(21.1±5.8) extender was not significantly different (P > 0.05) from the semen extended 

with Triladyl® (23.2±3.2) extender. The spermatozoa rapid motility rate in washed semen 

extended with Bioxcell® (49.9±11.5) extender was not significantly different (P > 0.05) 

from the semen extended with Triladyl® (40.1±11.0). 
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Table 4.5: Effect of extenders (Bioxcell® & Triladyl®) and seminal plasma (non-washed & 

washed) on frozen-thawed spermatozoa motility parameters (mean ± S.E.) 

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

Raw NW 98.9±1.2a 92.9±4.7a 6.0±3.7d 91.6±5.6a 6.3±4.0c 1.0±0.7c 1.1±1.1d 

Biox NW FT 85.0±3.4b 58.5±10.0b 26.6±8.5ab 49.9±11.5b 27.5±7.2a 7.6±3.2b 15.0±3.4c 

Tril NW FT 73.9±13.8c 45.4±11.2c 28.5±5.7a 40.1±11.0bc 23.9±6.1a 9.9±1.4a 26.1±13.8b 

Raw w 98.3±2.7a 91.4±7.9a 6.8±5.3d 89.7±9.0a 7.1±4.6c 1.4±1.8c 1.8±2.7d 

Biox W FT 68.2±13.5cd 47.0±15.7c 21.1±5.8c 42.1±16.0bc 17.8±5.3b 8.2±2.7ab 31.9±13.5ab 

Tril W FT 63.1±15.1d 39.9±13.1c 23.2±3.2bc 36.1±12.4c 18.1±4.3b 8.9±1.4ab 36.9±15.1a 

Different superscripts (a, b, c and d) within the same column indicate significant differences among means (P 

< 0.05) 

Raw NW = raw non-washed, Biox NW FT = Bioxcell® non-washed frozen-thawed, Tril NW FT = Triladyl® non-

washed frozen-thawed, Raw W = raw washed, Biox W FT = Bioxcell® washed frozen-thawed, Tril W FT = 

Triladyl® washed frozen-thawed, TM = total motility, PM = progressive motility, NPM = non-progressive 

motility, RAP= rapid, MED = medium, SLW = slow, STC = static. 

 

The Spermatozoa VCL was not significantly different (P > 0.05) in non-washed 

semen extended with Bioxcell® (50.2±11.9) from the semen extended with Triladyl® 

(53.0±8.6) extender (Table 4.6). The Spermatozoa VSL was not significantly different (P 

> 0.05) in washed semen extended with Bioxcell® (33.7±12.7) from the semen extended 

with Triladyl® (25.8±5.0) extender. The Spermatozoa VAP was not significantly different 

(P > 0.05) in non-washed semen extended with Bioxcell® (33.3±12.7) from the semen 

extended with Triladyl® (32.8±7.2) extender. The Spermatozoa LIN was not significantly 

different (P > 0.05) in washed semen extended with Bioxcell® (57.7±16.5) from the 

semen extended with Triladyl® (48.1±8.6) extender.  

 

Table 4.6: Effect of extenders (Bioxcell® & Triladyl®) and seminal plasma (non-washed & 

washed) on frozen-thawed spermatozoa kinematic parameters (mean ± S.E.) 

Treatment  VCL 

(µm/sec) 

VSL 

(µm/sec) 

VAP 

(µm/sec) 

LIN 

(%) 

STR 

(%) 

WOB 

(%) 

ALH  

(µm) 

BCF  

(Hz) 

Raw NW 96.2±7.8a 47.2±6.5a 69.7±5.3a 49.5±8.0abc 67.6±5.8b 72.7±5.8ab 2.9±0.4a 7.3±0.4ab 

Biox NW FT 50.2±11.9b 24.1±12.1c 33.3±12.7c 46.1±13.8bc 70.0±9.4b 64.6±10.9c 2.1±0.3d 6.1±1.3bc 

Tril NW FT 53.0±8.6b 23.3±6.7c 32.8±7.2c 41.2±6.2c 66.9±6.1b 61.3±3.9c 2.5±0.1bc 7.1±2.2ab 

Raw w 95.6±3.7a 53.3±10.8a 73.8±7.8a 55.9±11.5ab 71.6±7.9ab 77.3±8.0a 2.7±0.4ab 7.4±0.2ab 

Biox W FT 57.7±11.9b 33.7±12.7b 43.8±12.2b 57.7±16.5a 75.3±11.3a 75.1±12.2ab 2.1±0.3d 5.9±0.9c 

Tril W FT 53.8±4.8b 25.8±5.0bc 36.4±4.6bc 48.1±8.6abc 70.5±7.1ab 67.6±6.6bc 2.3±0.2cd 7.6±2.3a 

Different superscripts (a, b, c and d) within the same column indicate significant differences among means (P 

< 0.05) 
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Raw NW = raw non-washed, Biox NW FT = Bioxcell® non-washed frozen-thawed, Tril NW FT = Triladyl® non-

washed frozen-thawed, Raw W = raw washed, Biox W FT = Bioxcell® washed frozen-thawed, Tril W FT = 

Triladyl® washed frozen-thawed, VCL = velocity on the curve line, VSL = velocity on the straight line, VAP = 

average path velocity, LIN = linearity, STR = straightness, WOB = wobble, ALH = amplitude of lateral head 

displacement, BCF = beat cross frequency.  

 

There was a higher (P < 0.05) live and normal spermatozoa percentage in non-

washed semen extended with Bioxcell® (45.7±21.2) extender than the semen extended 

with Triladyl® (24.5±22.2) extender (Table 4.7). There were a higher (P < 0.05) 

percentage of spermatozoa with head abnormalities in non-washed semen extended 

with Triladyl® (20.4±10.2) extender than the semen extended with Bioxcell® (18.3±12.4) 

extender. There were a higher (P < 0.05) percentage of spermatozoa with head 

abnormalities in washed semen samples extended with Triladyl® (34.0±16.0) extender 

than the semen extended with Bioxcell® (10.1±7.0) extender. The percentage of 

spermatozoa with coiled tail abnormalities were reduced significantly (P < 0.05) in 

washed semen extended with Triladyl® (35.9±21.6) extender compared to the semen 

extended with Bioxcell® (65.4±25.0) extender. 

 

Table 4.7: Effect of extenders (Bioxcell® & Triladyl®) and seminal plasma (non-washed & 

washed) on frozen-thawed spermatozoa viability and morphology parameters (mean ± 

S.E.) 

Treatment  Viability Head abnormal 

(%) 

Bent mid-piece 

(%)  

Coiled tail 

(%)  Live & normal 

(%) 

Dead 

(%) 

Raw NW 71.7±12.3a 28.3±12.3d 14.1±16.4bc 23.6±11.9c 62.3±23.2a 

Biox NW FT 45.7±21.2b 54.3±27.2c 18.3±12.4bc 30.9±15.5abc 50.9±15.5ab 

Tril NW FT 24.5±22.2c 74.5±22.2b 20.4±10.2b 41.1±18.0ab 38.5±16.1b 

Raw w 60.7±22.9ab 39.3±22.9cd 8.2±10.7c 43.8±12.1a 48.0±12.5ab 

Biox W FT 5.2±4.9d 94.8±4.9a 10.1±7.0bc 25.5±20.4bc 65.4±25.0a 

Tril W FT 6.9±8.6d 93.1±8.6a 34.0±16.0a 28.0±25.1abc 35.9±21.6b 

Different superscripts (a, b, c and d) within the same column indicate significant differences among means (P 

< 0.05) 

Raw NW = raw non-washed, Biox NW FT = Bioxcell® non-washed frozen-thawed, Tril NW FT = Triladyl® non-

washed frozen-thawed, Raw W = raw washed, Biox W FT = Bioxcell® washed frozen-thawed, Tril W FT = 

Triladyl® washed frozen-thawed.  

 

The spermatozoa acrosome integrity was not significantly different (P > 0.05) in 

non-washed semen extended with Bioxcell® (50.4±23.5) extender and semen extended 

with Triladyl® (55.6±22.1) extender (Table 4.8). The spermatozoa chromatin integrity was 
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not significantly different (P > 0.05) in washed semen extended with Bioxcell® 

(48.7±21.3) extender and semen extended with Triladyl® (37.9±24.3) extender. There 

was a lower percentage (P < 0.05) of spermatozoa with high mitochondrial membrane 

potential in non-washed semen extended with Bioxcell® (49.8±20.1) extender than the 

semen extended with Triladyl® (68.7±26.8) extender. 

 

Table 4.8: Effect of extenders (Bioxcell® & Triladyl®) and seminal plasma (non-washed & 

washed) on frozen-thawed spermatozoa acrosome, chromatin, and mitochondrial 

membrane integrity (mean ± S.E.) 

Treatment  Normal 

acrosome 

(%) 

Reacted 

acrosome 

(%) 

Normal 

chromatin 

(%) 

Reacted 

chromatin 

(%) 

Δψmhigh (%) Δψmlow (%) 

Raw NW 62.8±13.7ab 37.2±13.7ab 79.9±15.6a 20.1±15.6c 83.4±14.2a 16.6±14.2c 

Biox NW FT 50.4±23.5b 51.7±23.5a 63.7±9.1ab 36.3±9.1bc 49.8±20.1c 50.2±20.1a 

Tril NW FT 55.6±22.1ab 44.4±22.1ab 51.2±18.7bc 48.8±18.7ab 68.7±26.8ab 31.3±26.8bc 

Raw w 68.4±19.0a 31.6±19.0b 65.1±17.5ab 34.9±17.5cb 65.0±20.8cb 35.0±20.8ab 

Biox W FT 65.4±11.4ab 34.6±11.4b 48.7±21.3bc 51.3±21.3ab 65.3±14.9cb 34.7±14.9ab 

Tril W FT 65.5±15.4ab 34.5±15.4b 37.9±24.3c 62.1±24.3a 78.4±16.8ab 21.6±16.8bc 

Different superscripts (a, b and c) within the same column indicate significant differences among means (P < 

0.05) 

Raw NW = raw non-washed, Biox NW FT = Bioxcell® non-washed frozen-thawed, Tril NW FT = Triladyl® non-

washed frozen-thawed, Raw W = raw washed, Biox W FT = Bioxcell® washed frozen-thawed, Tril W FT = 

Triladyl® washed frozen-thawed, Δψmhigh = High mitochondrial membrane potential, Δψmlow = Low 

mitochondrial membrane potential. 
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CHAPTER 5 

DISCUSSION 

 

5.1. The effect of extenders and removal of seminal plasma on semen of South 

African indigenous goats following equilibration 

 

The current study demonstrated that the removal of seminal plasma in indigenous 

goat semen maintained better results of motile spermatozoa in equilibrated and frozen-

thawed samples in both Bioxcell® and Triladyl® extenders. The current results is similar 

to the previous report of seminal plasma removal with a physiological solution, which 

increased the percentage of motile spermatozoa before and after freezing of goats’ 

semen (Leboeuf, Restall & Salamon, 2000; Ferrer et al., 2004; Gacitua & Arav, 2005). 

However, contradictory results were reported by other authors (Jasko et al., 1991; 

Ramukhithi, 2011). Centrifugation speed and time used in the current study might have 

influenced the decrease and increase of the percentage of motile spermatozoa. Ferrer et 

al. (2004), centrifuged extended semen at 900 X g for 10 minutes without causing a 

reduction in spermatozoa motility immediately after centrifugation. However, Ramukhithi 

(2011) recorded contradictory results that showed that centrifugation of extended semen 

up to 1500 X g for 10 minutes decreased the percentage of motile spermatozoa before 

and after freezing goat spermatozoa.  

 

The results of spermatozoa total motility of non-washed (98.9%) and washed 

(98.3%) raw semen were better than the total motility of raw semen (89.3% and 69.4%) 

recorded by Ramukhithi (2011) and Roof et al. (2011). Progressive motility percentage of 

non-washed (92.9%) semen was similar to washed (91.4%) raw semen. The results of 

the current study were much better than (58.6% and 75%) spermatozoa progressive 

motility obtained by Ramukhithi (2011) and Vidal et al. (2013). These results show a 

significantly lower percentage on non-progressive (6.0% and 6.8%) and static (1.1% and 

1.8%) spermatozoa of raw semen samples. The results were lower than the results 

obtained by Ramukhuthi (2011) who reported 30.7% and 10.7% of non-progressive and 

static spermatozoa. These differences were attributed to the individual buck difference, 

environment, semen collection facilities available and seasonal effect on spermatozoa 

quality (Câmara et al., 2016; Van Staden. 2010).  

 

The results for spermatozoa total motility rate of equilibrated non-washed semen 

samples extended with Bioxcell® (97.8%) were higher than those extended with Triladyl® 
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(90.5%). Roof et al. (2011) reported similar results where soy-lecithin-based (Bioxcell®) 

extended semen had higher results than the egg-yolk-based extended semen. However, 

Okukpe et al. (2012) reported spermatozoa total motility of 73.7% and 64.9% in semen 

extended with whole milk and soymilk extenders. However, these results contradict what 

was found in the present study. This may be due to the high concentration of 

unsaturated fatty acids present in the spermatozoa membrane, which in the presence of 

ROS are highly susceptible to lipid peroxidation that disrupts cells and causes a 

reduction in motility (Bustamante-filho et al., 2009; Sariözkan et al., 2010). The total 

motility of washed semen samples extended with Triladyl® was higher than that of 

Bioxcell® extended semen samples. However, the total motility of non-washed semen 

samples extended with Bioxcell® had a higher percentage than other semen sample 

groups. This shows that it is not necessary to wash semen before extending with a soy-

lecithin-based extender (Bioxcell®) as it is shown to have higher spermatozoa total 

motility than the other groups. However, it was necessary to wash semen samples 

before extending with Triladyl® as it yields higher results than the other groups.  

 

Spermatozoa VCL percentage of washed semen samples extended with Triladyl® 

were significantly lower than percentage spermatozoa VCL of other treatment groups. 

The percentage of spermatozoa VSL and spermatozoa VAP were lower in non-washed 

and washed semen samples extended with Triladyl® as compared to non-washed and 

washed semen samples extended with Bioxcell®. These results show that washing does 

not have an effect on semen samples but the extender has the effect on semen samples. 

These results were better than the results obtained by Ajao, (2015). This is because 

semen in the present study was equilibrated for two hour and that reported by Ajao, 

(2015) was of different equilibration time (12 hr, 24 hr, 36 hr, 48 hr and 60 hr). 

Equilibration time does also have an effect on preservation of semen. 

 

The washing of semen samples had an effect on equilibrated spermatozoa live 

and normal percentages in semen samples that were extended with Bioxcell® and 

Triladyl®.  However, the lowest spermatozoa live and normal percentage were observed 

in equilibrated semen samples that were extended with Triladyl®. There was no 

significant difference (P > 0.05) in spermatozoa, bent mid-piece and coiled tail 

abnormalities in non-washed and washed semen samples extended with both Bioxcell® 

and Triladyl®. However, the spermatozoa head abnormality percentages in non-washed 

semen samples were numerically lower than the raw semen samples, although there 

was no significant difference (P > 0.05). Moreover, spermatozoa head abnormality 

percentages in washed semen samples were significantly different and numerically 
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higher as than the raw semen samples. There were more abnormalities in live 

spermatozoa than normal live spermatozoa for semen samples that were washed and 

extended with Bioxcell® and Triladyl® in the present study. These are caused by the non-

enzymatic antioxidants (ascorbic acid, α-tocopherol, taurine, and albumin) lost with the 

removal of seminal plasma (Bustamante-filho et al., 2009). However, Bioxcell® extender 

seemed to compensate for the loss of non-enzymatic antioxidants because it has been 

supplemented with taurine and the results for washed semen samples extended with 

Bioxcell® was statistically better than the Triladyl® extended semen for live and normal 

spermatozoa percentages.  

 

There is a relationship between the spermatozoa abnormalities and fertilisation 

ability of preserved semen. For example, normal acrosome is important for acrosome 

reaction, which is needed for fertilisation to take place (Akhter et al., 2010). There was 

no significant difference (P > 0.05) in the percentage spermatozoa with normal acrosome 

in non-washed and washed semen samples extended with Bioxcell® and Triladyl®. 

Although there was no significant difference (P > 0.05) between the four treatment 

groups, there was a decrease in the percentage of spermatozoa with normal acrosome 

in washed semen samples that were extended with Triladyl®, compared to the other 

treatment groups. There was also a decrease in percentage spermatozoa with normal 

chromatin of washed semen samples extended with Triladyl®, compared to the other 

treatment groups. The percentage of spermatozoa with high mitochondrial membrane 

potential in non-washed and washed semen samples extended with Bioxcell® were 

significantly lower (P < 0.05) than the non-washed and washed semen samples 

extended with Triladyl®. There was a high percentage of abnormal spermatozoa in the 

current study, similar to what Al-Ghalban et al. (2004) and Kridli et al. (2007) reported 

during spring season. 

 

The presence of glycerol is potentially toxic to fresh semen. Therefore, it is 

necessary to balance the equilibration periods with the glycerol in order for the protective 

properties of glycerol to take an effect without any unnecessary loss of spermatozoa 

prior to cryopreservation (Van Staden, 2010). Both extenders used in the present study 

had glycerol and the equilibration time used was 2 hours prior to cryopreservation. This 

maintained the spermatozoa’ motility, kinematics parameters, viability, morphology, and 

membrane integrity. A short equilibration duration of 2 hours at 5 ºC with 7% glycerol 

was beneficial to goat semen (Sundararaman & Edwin, 2008). Shahverdi et al. (2014) 

also reported that equilibration times of over 2 hours resulted in the optimum 
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preservation of sperm cell total and progressive motility, as well as the plasma and 

acrosomal membrane integrity during cryopreservation. 

   

5.2. The effect of extenders and removal of seminal plasma on semen of South 

African indigenous goats following freezing and thawing 

 

The diluents types, freezing rate, glycerol levels and glycerol equilibration time 

interact with the thawing procedure, which in turn affect the post-thaw fertilising ability 

(Jothipriya et al., 2014). The results of frozen-thawed semen on spermatozoa total 

motility of washed semen samples extended with Bioxcell® were similar (68.2%) to 

Triladyl® (63.1%) extender. These results were higher than the results recorded by 

Ramukhithi (2011), who reported that frozen-thawed washed semen’s recovery rate was 

10.6% for South African unimproved indigenous goats and 16.9% for Boer goats. The 

results for washed semen samples extended with Bioxcell® extender (68.2%) were 

similar to the results (60.6%) obtained by Sariözkan et al. (2010). The results reported by 

Sariözkan et al. (2010) for semen that was centrifuged and extended with Triladyl® 

extender (31.5%) were lower than the results obtained in the current study. 

 

Spermatozoa progressive motility of washed semen samples extended with 

Bioxcell® (47.0%) and Triladyl® (39.9%) were not significantly different (P > 0.05) from the 

spermatozoa progressive motility of non-washed semen samples extended with Triladyl® 

(45.4%). However, these results were significantly different from spermatozoa’ 

progressive motility of non-washed semen extended with Bioxcell® (58.5%). Both 

extenders were found to maintain progressive motility of washed and non-washed 

semen. Frozen-thawed progressive motility of semen samples that were not washed, 

extended with Bioxcell® was significantly greater (58.5%) than other groups. These 

results concur with the results reported by Sariözkan et al. (2010).  

 

The results of pre-treatment (removal and non-removal of seminal plasma) are 

not constant in different studies. In some studies, the removal of seminal plasma was 

essential for maximising spermatozoa motility of frozen-thawed goat semen (Üstener et 

al., 2009). However, other authors reported that the presence of seminal plasma was 

beneficial for frozen-thawed spermatozoa motility of goat semen (Ramukhithi, 2011). In 

the present study, the removal and non-removal of seminal plasma maintained frozen-

thawed motility in both extenders (Bioxcell® and Triladyl®). This concurred with what was 

reported by Dorji et al. (2014). Sariözkan et al. (2010) reported progressive motility of 

frozen-thawed semen samples extended with Bioxcell® to be 22.3% and with Triladyl® to 
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be 7.0%. Jiménez-Rabadán et al. (2012) and Kurien et al. (2012) also found similar 

results on frozen-thawed semen extended with Biladyl® (45.3%) and Triladyl® 32.5%, 

which were also higher. Daşkin et al. (2011) reported post-thaw motility of 38% in Angora 

buck semen when using Bioxcell®. Sundararaman and Edwin (2008) considered frozen-

thawed percentage spermatozoa’ progressive motility of 40% and above to be good and 

acceptable. Therefore, the results for frozen-thawed progressive spermatozoa motility in 

this study are acceptable.    

 

For VSL, VAP, LIN, STR and WOB, the highest values (33.7 µm/sec, 43.8 

µm/sec, 57.7%, 75.3%, 75.1%, respectively) were obtained from washed semen 

samples extended with Bioxcell® compared to other treatment groups. These results 

contradicts with the results reported by Sariözkan et al. (2010), who found that for VSL 

and LIN, the values were highest (103.2 µm/sec, 47.5%, respectively) in centrifuged 

semen samples extended with Bioxcell®. The results obtained by Sariözkan et al. (2010) 

for linearity were lower than the results obtained in the present study. This may be due to 

the loss of ability of spermatozoa to move in a straight line of sensitive spermatozoa that 

endure membrane and axonemal changes, which results in decreased kinematic traits 

such as linearity. The osmotic and structural damages induced in spermatozoa by 

glycerol can also reduce kinematic traits (Bezerra et al., 2012). There was no significant 

difference for frozen-thawed non-washed and washed semen extended with Bioxcell® or 

Triladyl® for spermatozoa curvilinear velocity. These results show the beneficial effects of 

frozen-thawed semen sample pre-treated (washed and non-washed) and extended with 

Bioxcell® and Triladyl® on kinematic parameters. 

 

The composition of the extender and suitable cryoprotectants are important 

factors for successful semen cryopreservation (Vidal et al., 2013; Dorji et al., 2014). The 

removal of the seminal plasma by washing is beneficial when the spermatozoa are 

frozen in a diluent containing egg yolk. The toxicity of egg yolk coagulating enzyme is 

influenced by season of the year (Ashmawy et al., 2010). Bulbourethral glands increase 

their activity by high plasma concentrations of prolactin and produce more phospholipase 

A2 enzyme during the non-breeding season (Çebi Şeni et al., 2015). The current study 

was conducted during the spring months (September, October and November) and the 

beginning of summer (December) and the percentage of post-thawing spermatozoa 

motility was high during spring months. This concurred with Ashmawy et al. (2010), who 

reported a higher percentage of post-thaw spermatozoa motility as well as recovery rates 

during autumn months (September, October and November) than during the other 

months of the year. Although there was a significant effect on interactions in this study, 
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Bioxcell® extender did not show an advantage over Triladyl® extender as both similarly 

maintained spermatozoa motility. This may be due to the natural constituent of egg yolk 

(phospholipids, cholesterol and low-density lipoproteins) in Triladyl® extender which is 

equally effective in protecting spermatozoa against oxidative stress as the forfeited 

antioxidants found in Bioxcell® extender (Dorji et al., 2014). 

 

The live and normal spermatozoa percentages were greatly affected (P < 0.05) 

following freezing and thawing in both extenders compared to equilibrated semen in both 

extenders. The thermal stress and cryoinjury that occur on the spermatozoa membrane 

during cryopreservation processes and after thawing caused spermatozoa death in the 

current study.  Asr et al. (2011) and Bezerra et al. (2012) also reported that freezing and 

thawing causes more damage than other stages of cryopreservation to the spermatozoa. 

Seminal plasma removal did not improve the live and normal spermatozoa percentages 

in both the extenders in this study. This may be because the protective effects of natural 

antioxidants present in the seminal plasma were available in low concentrations as 

seminal plasma was removed and spermatozoa become more susceptible during 

cryopreservation (Asr et al., 2011).  

 

Glycerol is a penetrating cryoprotectant used in the freezing of spermatozoa. 

However, it has chemical and osmotic toxicities on the spermatozoa membrane when it 

is in higher concentration. It was concluded that glycerol has the best anti-apoptotic 

effects when used in boar semen extenders in lower concentrations (2-3%). 

Nevertheless, the exact cryoprotective or anti-freeze mechanism of glycerol remains 

unknown (Yotov. 2015). The detrimental effects of cryopreservation on various 

spermatozoa organelles, including irreversible changes to the acrosomes, mitochondria 

and tails of spermatozoa, have been shown in ultrastructural studies (Watson, 1990; 

Üstüner et al., 2015). Samardžija et al. (2008) and Bezerra et al. (2012) suggested that 

membrane integrity could be as important as spermatozoa motility, in predicting fertility 

rates. Extensive chemical and physical damage caused by cryopreservation to 

spermatozoa membranes increase lipid peroxidation of the membrane induced by 

reactive oxygen species (ROS). Furthermore, the osmotic stress and temperature 

changes cause cell membrane stress (Memon et al., 2012).  

 

Acrosome intactness is a pre-requisite for fertilisation, though the correlation 

between acrosome status and fertility vary (Rodríguez-Martínez, 2003). Spermatozoa’ 

normal acrosome percentage was high in frozen-thawed non-washed and washed 

semen samples extended with Triladyl®. This was not evident in what Kubovičovă et al. 
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(2010) and El-kon et al. (2010), reported about the effects the egg yolk added on 

extender has on acrosome integrity and the post-thaw viability of ejaculated 

spermatozoa in goats. 

 

Normal spermatozoa chromatin structure and integrity are essential for the 

accurate transmission of paternal genetic information to the next generation. They are 

also an appropriate function of spermatozoa in the fertilisation process (Sadeghi et al., 

2009). Chromatin structure was reported to have been affected by the freeze-thawing 

process (Hammadeh et al., 1999; Üstüner et al., 2015). Hammadeh et al. (1999) 

reported that the mean percentage of human spermatozoa with damaged DNA content 

was higher in semen frozen in liquid nitrogen vapour than in a controlled biological 

freezer. Similarly, the buck semen in the present study was frozen in liquid nitrogen 

vapour and the freeze-thawing process affected the chromatin structure. From the 

results in the present study, there was lower spermatozoa membrane integrity and low 

chromatin integrity. Spermatozoa membrane integrity can be directly related to ROS 

production. However, it should not be a direct indicator of DNA integrity, as DNA 

fragmentation can be observed even in spermatozoa with normal morphology (Bassiri et 

al., 2013). The antioxidants present in the seminal plasma were said to be an essential 

form of protection (prevention, interception, and repair) to spermatozoa against ROS 

(Memon et al., 2012). In the present study removal of seminal plasma showed lowered 

membrane integrity and viability of frozen-thawed semen. However, it was not evident to 

all spermatozoa membranes. This might be because of the antioxidants present in the 

extenders (Bioxcell® and Triladyl®) that provided protection in replacement to the 

antioxidant that is present in the removed seminal plasma. 

 

In the present study, parts of the spermatozoa involved in locomotion (tail and 

mitochondria) were reduced to a lesser degree after freeze-thaw. The results also 

showed a higher percentage of high mitochondrial membrane potential of frozen-thawed 

non-washed and washed semen samples extended with Triladyl®. In addition, there is a 

correlation between bent mid-piece and low mitochondrial membrane potential in the 

present study. This was because mitochondria are localised in the mid-piece area and 

are thought to provide the mid-piece and the spermatozoa head with the ATP required 

for maintenance processes of membranes (Silva & Gadella, 2006; Wusiman et al., 

2012). In the present study, motility and mitochondrial membrane potential were the least 

affected parameters. This is because the mitochondrial membrane potential is a good 

indicator of spermatozoa motility dysfunction (Mansour, 2009). 
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CHAPTER 6 

CONCLUSIONS AND RECOMMENDATION  

 

From the current study, the following conclusions were drawn: 

 

1. The percentage of spermatozoa progressive motility rate was above 70% for 

all the groups after 2 hours of equilibration. Though there was a reduction in 

the percentage of progressive motility rate in non-washed and washed semen 

extended with Bioxcell® and Triladyl®, they still maintained acceptable motility 

(40%) post-thaw.  

2. There was no difference in morphology of non-washed and washed semen 

extended with Triladyl® and Bioxcell® extender prior and post-

cryopreservation. 

3. The study also demonstrated that viability reduced drastically with or without 

washing of seminal plasma in both Triladyl® and Bioxcell® extended semen 

post-cryopreservation. 

4.  Triladyl® and Bioxcell® extender maintained acrosomal integrity with or 

without washing of seminal plasma during equilibration. However, only 

washing of seminal plasma maintained acrosomal integrity in semen 

extended with Triladyl® and Bioxcell® extenders post-cryopreservation. 

5. Washed semen extended with Triladyl® did reduce the integrity of chromatin 

structure prior and post-cryopreservation. 

6. Bioxcell® extender reduced the high mitochondrial membrane potential in non-

washed and washed semen prior and post-cryoprservation. 

7. The freezing-thawing process did reduce the indigenous buck semen 

parameters irrespective of removal or non-removal of seminal plasma. 

However, Bioxcell® extender was found to be more suitable for preserving 

spermatozoa during equilibration and freezing/thawing process of buck 

semen. 

  

Therefore, the following recommendation was made: 

 

1. Additional studies should be conducted following the success of the present 

study to determine spermatozoa’ fertilising ability both in vivo and in vitro 

using South African unimproved indigenous bucks.  

 



46 
 

REFERENCES 

  

Agarwal A, Said TM.  Role of sperm chromatin abnormalities and DNA damage in male 

infertility. Hum Reprod Update 2003; 9:331-345.  

Ahmad M, Nasrullah R, Riaz H, Sattar A, Ahmad N. Changes in motility, morphology, plasma 

membrane and acrosome integrity during stages of cryopreservation of buck sperm. J S 

Afr Vet Assoc 2014; 85:972. 

Ajao OA. Evaluation of the effectiveness of different extenders of goat buck semen under 

refrigerated conditions. Dissertation 2015. 

Akhter S, Ansari MS, Rakha BA, Andrabi SMH, Anwar M, Ullah N. Effect of fructose addition in 

skim milk extender on the quality of liquid Nili-Ravi buffalo (Bubalus bubalis) semen. 

Pakistan J Zool 2010; 42: 227-231. 

Al-Ghalban AM, Tabbaa MJ, Kridli RT. Factors affecting semen characteristics and scrotal 

circumference in Damascus bucks. Small Rumin Res 2004; 53: 141-149. 

Amidi F, Farshad A, Khor AK. Effects of cholesterol-loaded cyclodextrin during freezing step of 

cryopreservation with TCGY extender containing bovine serum albumin on quality of 

goat spermatozoa. Cryobiol 2010; 61: 94-99. 

Anakkul N, Suwimonteerabutr J, Tharasanit T, Phutikanit N, Singlor J, Tachakumphu M. 

Glycerol concentration effects on quality and longevity of post-thaw goat semen. Thai J 

Vet Med 2013; 43: 179-186. 

Anil S. Development of in-vitro culture and cryopreservation protocol for Zebrafish (Danio rerio) 

ovarian tissue fragments. Doctoral thesis 2013. 

Ari UÇ, Daskin A. Freezing of washed Angora goat semen with extenders added bull or ram 

seminal plasma. Kafkas Univ Vet Fak Derg 2010; 16: 233-237. 

Ashmawy TAM, Sallam AA, ABD El-Khalek AE, El-Saidy BE, Gabr MG. Recovery and 

fertilization rates of goat spermatozoa as affected by different levels of egg yolk, dilution 

rates, freezing method and months of the year. Egypt J Sheep Goat Sci 2010; 5: 283-

293. 

Asr ST, Beheshti R, Hamid K. The evaluations of Tris-citrate acid or Bioxcell extenders on the 

post-thawed buffalo sperm parameters. Ann Biol Res 2011; 2: 360-365. 

Bag S, Joshi A, Rawat PS, MittaL JP. Effect of initial freezing temperature on the semen 

characteristics of frozen thawed ram spermatozoa in a semi-arid tropical environment. 

Small Rumin Res 2002; 43: 23-29.  

Bassiri F, Tavalace M, Nasar Esfahani MH. Correlation between different patterns of hypo-

osmotic swelling and sperm functional tests. Int J Fertil Steril 2013; 7: 193-198. 



47 
 

Bezerra FSB, de Souza castelo T, dos Santos EAA, da Costa dantas T, Simão BR, Silva AR. 

Assessment of the interaction between straw size and thawing rate and its impact on in 

vitro quality of post-thaw goat semen. R Bras Zootec 2012; 41: 592-597. 

Bustamante-Filho IC, Pederzolli CD, Sgaravatti AM, Gregory RM, Dutra-Filho CS, Jobim MIM, 

Mattos RC. Skim milk-egg yolk based semen extender compensates for non-enzymatic 

antioxidant activity loss during equine semen cryopreservation. Anim Reprod 2009; 6: 

392-399. 

Cabrera F, González F, Batista M, Calero P, Medrano A, Gracia A. The effect of removal of 

seminal plasma, egg yolk level and season on sperm freezability of Canary buck (Capra 

hircus). Reprod Dom Anim 2005; 40: 191-195. 

Câmara DR, Pinto LC, Pinto MMCM, Kastelic JP, Nunes JF, Barbosa JMP, Guerra MMP. 

Influence of catalase and pre-freeze equilibration on post-thaw semen quality and 

conception rate in ewes laparoscopically inseminated. Anim Reprod 2016; 13: 21-27. 

Çebi Şen Ç, Tekin K, Akçay E. Effect of egg yolk and removal of seminal plasma fluid on semen 

cryopreservation in Norduz goat. Harran Üniv Vet Fak Derg 2015; 4: 64-67. 

Chanapiwat P, Kaeoket K, Tummaruk P. Cryopreservation of boar semen by egg yolk-based 

extenders containing lactose or fructose is better than sorbitol. J Vet Med Sci 2012; 74: 

351-354.   

Daşkin A, kulaksiz R, Akçay E, Erol H. The effect of different dilution rates of Angora buck 

semen frozen with Bioxcell® extender on the post-thaw quality. J Fac Vet Med Erciyes 

2011; 8: 23-26.  

Dehghani VA, Khalili MA, Zamani N, Dreh-Zereshki F. Comparison between semen parameters 

of ejaculates collected via masturbation versus coitus interruptus. Iran J Reprod Med 

2004; 2: 9-11. 

Dombo MH. Seasonal effect on semen quality of Gorno Altai and South African indigenous 

goats. Dissertation 2002. 

Dorji P, Pattarajinda V, Vongprolub J. Cryopreservation of semen of Mithun and Siri bulls. Bangl 

J Vet Med 2014; 12: 147-153. 

Durrant BS. Semen collection, evaluation and cryopreservation in exotic animal species: 

maximizing reproductive potential. ILAR J 1990; 32: 2-10. 

Ekwall H. Electron microscopy of cryopreserved boar spermatozoa. With special reference to 

cryo-scanning electron microscopy and immunocytochemistry. Doctoral thesis 2007. 

El-Kon II, Sallam AA, Ashmawy TM, Heleil B. Effect of Sodium Dodecyl Sulphate (SDS) on the 

viability and fertility of Damascus goats spermatozoa. Glob Vet 2010; 4: 576-581. 

Farshad A, Akhondzadeh S. Effects of sucrose and glycerol during the freezing step of 

cryopreservation on the viability of goat spermatozoa. Asian-Aust J Anim Sci 2008; 21: 

1721-1727. 



48 
 

Fernández-pastor MR, Martinez-Pastor F, Garcia-Macias V, Esteso MC, Soler AJ, Paz P, Anel 

L, Garde JJ. Sperm characteristics and DNA integrity of Iberian Red Deer (Cervus 

elaphus hispanicus) epididymal spermatozoa frozen in the presence of enzymatic and 

nonenzymatic antioxidants. J Androl 2007; 28. 

Ferreira dSV, de Mello MRB, da Fonseca CEM, Dias ÁCF, Cardoso JM, Silva RB, Martins 

Júnior WP. Effect of seminal plasma and egg yolk concentration on freezibility of goat 

semen. R Bras Zootec 2014; 43: 513-518. 

Ferrer M, Otalora F, Garcia-Ruiz. Density-dependent age of first reproduction as a buffer 

affecting persistence of small populations. Ecol Soc America 2004; 14: 616-624. 

Gacitua H, Arav A. Successful pregnancies with directional freezing of large volume buck 

semen. Theriogenology 2005; 63: 931-938. 

Garcia-Macias V, Martinez-Pastor F, Alvarez M, Garde JJ, Anel L, Paz, P. Assessment of 

chromatin status (SCSA®) in epididymal and ejaculated sperm in Iberian red deer, ram 

and domestic dog. Theriogenology 2006; 66: 1921-1930. 

Graham JK, Kunze E, Hammerstedt RH. Analysis of sperm cell viability, acrosomal integrity, and 

mitochondrial function using flow cytometry. Biol Reprod 1990; 43: 55-64. 

Hafez B, Hafez ESE. Reproduction in farm animals. 7th edition. Lippincott Williams and Wilkins, 

New York, 2000; 509. 

Hammadeh ME, Askari A, Georg T, Rosenbaum P, Schmidt W. Effect of freeze-thawing 

procedure on chromatin stability, morphology alteration and membrane integrity of 

human spermatozoa in fertile and sub fertile men. Int J Androl 1999; 22: 155-162. 

Holdcraft RW, Braun RE. Hormonal regulation of spermatogenesis. Int J Androl 2004; 27: 335-

342. 

Hossain, M. S., Johannisson, A., Wallgren, M., Nagy, S., Siqueira, A. P., Rodriguez-Martinez, H. 

2011. Flow cytometry for the assessment of animal sperm integrity and functionality: 

state of the art. Asian J Androl 2011; 13: 406-419.  

Hussain SO, Al-Zubaidi SFA, Al-Dujaily SS. Study the effect of seasonal months on buck semen 

using modified Tris solution for sperm motility following cryostorage. Euphrates J Agric 

Sci 2012; 4: 13-23. 

Jasko DJ, Lein DH, Foote RH. The repeatability and effect of season on seminal characteristics 

and Computer-Aided Sperm Analysis in the stallion. Theriogenology 1991; 35: 317-327. 

Jiménez-Rabadán P. Advances in sperm cryopreservation of samples collected by vagina 

artificial and electro ejaculation from Blanca-Celtibèrica goat breed. Doctoral Thesis 

2013. 

Jothipriya R, Sasikumar S, Madhankumar EK, Pranetha A, Kalaiselvi S. A study of hypo osmotic 

swelling test in human spermatozoa. Int J Curr Res Aca Rev 2014; 2: 47-63. 



49 
 

Juhasz J, Nagy P, Kulcsar M, Huszenicza GY. Methods for semen and endocrinological 

evaluation of the stallion: A REVIEW. Acta Vet Brno 2000; 69: 247-259. 

Kasai T, Ogawa K, Mizuno K, Nagai S, Uchida Y, Ohta S, Fujie M, Suzuki K, Hirata S, Hoshi K. 

Relationship between sperm mitochondrial membrane potential, sperm motility, and 

fertility potential. Asian J Androl 2002; 4:  97-103.             

Konyali C. Effect of cholesterol-loaded cyclodextrins on buck sperm quality after 

cryopreservation with different extenders. Dissertation 2009. 

Kridli RT, Tabbaa MJ, Barakeh FS. Seasonal variation in scrotal circumference and semen 

characteristics of black Bedouin and Black Bedouin-Damascus crossbred bucks. Asian-

Aust J Anim Sci 2007; 20: 359-364. 

Kubovičová E, Riha L, Makarevich AV, Apolen D, Pivko J. Effect of different semen extenders 

and additives to insemination doses on ewe’s pregnancy rate. Slovak J Anim Sci 2010; 

43: 118-122. 

Kulaksiz R, Ari UÇ, Daskin A, Uner AG. The effect of different glycerol concentrations on 

freezability of semen from Angora, Kilis and Saanen Goats. Slovak J Anim Sci 2013; 46: 

39-44. 

Kurien MO, Katheresan D, Selvaraju M, Pattabiraman SR. Effect of three different extenders in 

slow freezing protocol on post-thaw quality of dog semen. J Vet Anim Sci 2012; 43: 14. 

Leboeuf B, Restall B, Salamon S. Production and storage of goat semen for artificial 

insemination. Anim Reprod Sci 2000; 62: 113-141. 

Lee SH, Cheong HT, Yang BK, Park CK. Storage of bulls and boar semen. Reprod Dev Biol 

2014; 38: 1-7. 

Lida H, Yoshinaga Y, Tanaka S, Toshimori K, Mori T. Identification of Rab3A GTPase as an 

Acrosome-Associated small GTP-Binding protein in Rat sperm. Dev Biol 1999; 211: 144-

155. 

Mansour MM. Modification of hypo-osmotic swelling test to evaluate the integrity of stallion 

sperm plasma membrane. Glob Vet 2009; 3: 302-307. 

Marco-Jimènez F, Puchades S, Gadea J, Vicente JS, Viudes-de-castro MP. Effect of semen 

collection method on pre- and post-thaw Guirra ram spermatozoa. Theriogenology 2005; 

64: 1756-1765. 

Martins LF, Baracat-Pereira MC, Guimarães JD, Guimarães SEF, Pinho RO. Semen quality and 

concentration of soluble proteins in the seminal plasma of Alpine bucks. Rev Bras Saúde 

Prod Anim 2010; 11: 547-554. 

Matshaba B. Characterization and cryopreservation of South Africa unimproved indigenous goat 

semen. Dissertation 2010. 

Mekasha Y, Tegegne A, Rodriguez-Martinez H. Sperm morphological attributes in indigenous 

male goats raised under extensive husbandry in Ethiopia Anim Reprod 2007; 4: 15-22. 



50 
 

Memon A A, Wahid H, Rosnina Y, Goh Y M, Ebrahim M, Nadia F M. effect of antioxidants on 

post thaw microscopic, oxidative stress parameter and fertility of Boer goat spermatozoa 

in Tris egg yolk glycerol extender. Anim Reprod Sci 2012; 36: 55-60. 

Memon A A, Wahid H, Rosnina Y, Goh Y M, Tunio AN. Effects of hypotaurine and cysteine in 

washing solutions on cooled and frozen thaw goat spermatozoa. Pak J Agri Engin, Vet 

Sci 2014; 30: 94-103. 

Miclea V, Zahan M, Miclea I, Ilişiu E, Rusu A, Varo-Ghiuru F. Effect of freezing on spermatozoa 

from Tigaie rams belonging to the mountain ecotype. Anim Sci Biotec 2011; 44:297. 

Mishra B, Alam MGS, Khandokar MAMY, Mazumder S, Munsi MN. Qualities of goat semen in 

tris-citrate-glucose extender containing glutathione. Bangl Vet 2010; 27: 46-55. 

Mocé E, Graham JK. In vitro evaluation of sperm quality. Anim Reprod Sci 2008; 105: 104-118. 

Munyai PH. Cryopreservation of South Africa indigenous ram semen. Dissertation 2012. 

Nandi P, Ghosh S, Jana K, Sen PC. Elucidation of the involvement of p14, a sperm protein 

during maturation, capacitation and acrosome reaction of Caprine spermatozoa. PLoS 

ONE 2012; 7: e30552. doi:10.1371/ journal.pone.0030552. 

Niang SW, Haron AW, Goriman MAK, Yusoff R, Bakar MZA, Sarsaifi K, Bukar MM, Thein M, 

Kyaw T, San MM. Effect of seminal plasma removal, washing solutions, and 

centrifugation regimes on Boer goat semen cryopreservation. Pertanika J Trop Agric Sci 

2011; 34: 271-279.    

Okere C, Bradley P, Bride ER, Bolden-Tiller O, Ford D, Paden A. Relationships among body 

conformation, testicular traits and semen output in electro-ejaculate pubertal Kiko goat 

bucks. ARPN J Agri Biol Sci 2011; 6. 

Okukpe KM, Adeloye AA, Adeyemi KD, Olatunde OA, Ojo V, Sola-Ojo FE. Effects of extender 

types on ram semen collected with electro-ejaculator in a tropical environment. Asian J 

Anim Sci 2012; 6: 249-255. 

Oliveira LZ, Hossepian de Lima VFM, Lavenhagen MA, dos Santos, RM, Assumpҫão TI, 

Jacomini JO, de Andrade AFC, de Arruda RP, Beletti ME. Transmission electron 

microscopy for characterization of acrosomal damage after percoll gradient 

centrifugation of cryopreserved bovine spermatozoa. J Vet Sci 2011; 12: 267-272. 

Peña FJ, Johannisson A, Wallgren M, Rodriguez-Martinez H. Antioxidant supplementation in 

vitro improves boar sperm motility and mitochondrial membrane potential after 

cryopreservation of different fractions of the ejaculate. Anim Reprod Sci 2003; 78: 85-98. 

Peterson K, Kappen MAPM, Ursem PJF, Nöthling JO, Colenbrander B, Gadella BM. 

Microscopic and flow cytometric semen assessment of Dutch AI-bucks: effect of semen 

processing procedures and their correlation to fertility. Theriogenology 2007; 67: 863-

871. 



51 
 

Priyadharsini R, Jindal SK, Sharma D, Ramachandran N, Karch SD, Goel AK. Effect of different 

egg yolk level on the cryopreservation capability of Jakhrana goat semen. J Anim Sci 

Adv 2011; 1: 28-37. 

Pruslin FH, Rodman TC. Proteins of demembraned mouse sperm heads (characterization of a 

major sperm-unique component). J Biol Chem 1985; 260: 5654-5659. 

Qureshi MS, Khan D, Mushtaq A, Afridi SS. Effect of extenders, post dilution intervals, and 

seasons on semen quality in dairy goats. Turk J Vet Anim Sci 2013; 37: 147-152. 

Ramukhithi FV. Characterisation and cryopreservation of South African unimproved indigenous 

and Boer goat semen. Dissertation 2011. 

Rapuling L. proteomic analysis of human sperm proteins in relation to sperm motility, 

morphology and energy metabolism. Dissertation 2010. 

Raseona MA. Comparative evaluation of different extenders of bull semen stored under different 

conditions. Dissertation 2015. 

Rodríguez-Martínez H. Semen evaluation techniques and their relationship with fertility. Anim 

Reprod 2013; 10: 148-159. 

Roof DJ, Bowley S, Price LL, Matsas DJ. Comparison of two commercial extenders for 

cryopreservation of goat semen without sperm washing. Theriogenology 2011; 10: 1016. 

Rybar R, Faldikova L, Faldyna M, Machatkova M, Rubes J. Bull and boar sperm DNA integrity 

evaluated by sperm chromatin structure assay in the Czech Republic of Veterinary. Vet 

Med Czech 2004; 49: 1-8. 

Sadeghi MR, Hodjat M, Lakpour N, Arefi S, Amirjannati N, Madarresi T, Jadda HH, Akhondi MM. 

Effects of sperm chromatin integrity on fertilization rate and embryo quality following 

intracytoplasmic-sperm injection. Avicenna J Med Biotechnol 2009; 1: 173-180. 

Samardžija M, Dobranić T, Krušlin S, Cergolj M, Karadjole M, Prvanović N, Grizelj J. The use of 

the hypo osmotic swelling test and supravital staining in evaluation of sperm quality in 

boars. Vet Arhiv 2008; 78: 279-287. 

Sariözkan S, Bucak MN, Tuncer PB, Taşdemir U, Kinet H, Ulutas PA. Effects of different 

extenders and centrifugation/washing on post thaw microscopic-oxidative stress 

parameters and fertility of angora buck sperm. Theriogenology 2010; 73: 316-323. 

Shahverdi A, Rastegarnia A, Rezaei Topraggaleh, T. Effect of extender and equilibration time on 

post thaw motility and chromatin structure of buffalo bull (bubalus bubalis) spermatozoa. 

Cell J 2014; 16: 279-288. 

Sharma R, Agarwal A, Mohanty G, Jesudasan R, Gopalan B, Willar B, Yadav S P, Sabanegh E. 

Functional proteomic analysis of seminal plasma proteins in men with various semen 

parameters. Reprod Biol Endocrinol 2013; 11: 38. 

Silva PFN, Gadella BM. Detection of damage in mammalian spermatozoa. Theriogenology 

2006; 65: 958-978. 



52 
 

Soylu MK, Nur Z, Ustuner B, Dogan I, Sagirkaya H, Gunay U, Ak K. Effects of various 

cryopreservative agents and extender osmolality on post-thawed ram semen. Bull Vet 

Inst Pulawy 2007; 51: 241-246. 

Sun X, Yang WX. Mitochondria: transportation, distribution and function during spermiogenesis. 

Adv Biosci Biotech 2010; 1: 97-109.  

Sundararaman MN, Edwin MJ. Changes in motility characteristics of goat spermatozoa during 

glycerol-equilibration and the relevance to cryopreservation. Asian J Cell Biol 2008; 3: 

22-33. 

Teixeira DÍA, Melo LM, de Almeida Gadelha CA, Silva da Cunha RM, Bloch jr C, Rádis-Baptista 

G, Cavada BS, de Figueirêdo Freitas VC. Ion-exchange chromatography used to isolate 

a spermadhesin-related protein from domestic goat (Capra hircus) seminal plasma. 

Genet Mol Res 2006; 5: 79-87. 

Thompson WE, Ramalho-santos J, Sutovsky P. Ubiquitination of prohibition in mammalian 

sperm mitochondria: possible roles in the regulation of mitochondrial membrane 

inheritance and sperm quality control. Biol Reprod 2003; 69: 254-260. 

Üstüner B, Nur Z, Alçay S, Toker MB, Sağirkaya H, Soylu MK. Effect of freezing rate on goat 

sperm morphology and DNA integrity. Turk J Vet Anim Sci 2015; 39: 110-114. 

Van Staden E. Effect of different equilibration periods precryopreservation on post-thaw sperm 

motility Nguni and Boran bulls. Dissertation 2010. 

Varela Junior AS, Silva EF, Cardoso TF, Namba ÉY, Jardim RD, Streit Junior DP, Corcini CD. 

The role of dimethyl sulfoxide in the cryopreservation of Curimba (Prochilodus lineatus) 

semen. Ciências Agrárias 2015; 36: 3471-3480. 

Vidal AH, Batista AM, Bento da Silva EC, Gomes WA, Pelinca MA, Silva SV, Guerra MMP. 

Soybean lecithin-based extender as an alternative for goat sperm cryopreservation. 

Small Rumin Res 2013; 109: 47-51. 

Watson PF. AI and the preservation of semen. In: Lammingi GE, editor. Marshall’s Physiology of 

Reproduction. London, UK: Churchill living stone 1990: 747-869. 

Webb EC, Mamabolo MJ. Production and reproduction characteristics of South African 

indigenous goats in communal farming systems. S Afr J Anim Sci suppl 2004; 34. 

Wusiman A, Wang Y-P, Ren K, Zhou G-B, Fu X-W, Suo L, Fan Z-Q, Wang L, Zhu S-E. Semen 

storage at 23, 4 or -196 ºC and its application to artificial insemination in small-tail Han 

sheep. Asian J Anim Vet Adv 2012; 7: 299-308.  

Yimer N, Noraisyah AH, Rosnina Y, Wahid H, Sarsaifi K, Hafizal AM. Comparison of 

cryopreservative effect of different levels of omega-3 egg-yolk in citrate extender on the 

quality of goat spermatozoa. Pakistan Vet J 2014; 34: 347-350. 



53 
 

Yotov S. Effect of TFC-based extenders with soybean lecithin and/or low concentration of 

glycerol on the quality of goat chilled-stored semen. Int Curr Microbiol of App Sci 2015; 

4: 752-761. 

Zarazaga LA, Guzman JL, Domínguez C, Pérez MC, Prieto R. Effects of season and feeding 

level on reproductive activity and semen quality in Payoya buck goats. Theriogenology 

2009; 71: 1316-1325. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



54 
 

APPENDIX 

 

 

Figure 3.1: The South African indigenous bucks that were used as semen donors 

 

 

Figure 3.2: Computer-Aided Sperm Analysis (CASA) also known as the sperm Class 

Analyser® (SCA) system during semen analysis 
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Figure 3.3: Used UV light inverted microscope for evaluation of the spermatozoa 

chromatin and mitochondrial membrane potential 

 

 

Figure 3.4: Polystyrene box, straw holding rack, and semen straws for semen 

cryopreservation 

 


