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ABSTRACT

The quality of cryopreserved Boer goat semen may be influenced by the source and concentration
of energy supplements in the extender. The aim of the study was to improve the protocols for
cryopreservation of Boer goat spermatozoa using different disaccharides concentrations as
supplements in tris- egg yolk extender. Two experiments were carried out to investigate the effect
of (a) addition of three disaccharides (maltose, sucrose and trehalose) and (b) disaccharides
combination (maltose and trehalose) at different concentrations using tris-egg yolk extender. For
experiment 1: the study was replicated six times and was conducted in a 3 x 2 x 2 factorial
arrangement with three different sugars (sugars: maltose, sucrose and trehalose), two sugar
concentrations (0.12g and 0.22g) and two evaluation times (0 hours before cryopreservation and
120 hours after cryopreservation). For experiment 2: the study was replicated six times and was
conducted in a 2 x 2 factorial arrangement with two sugar concentrations (0.12g and 0.22g) and
two evaluation times (0 hours before cryopreservation and 120 hours after cryopreservation).
Semen ejaculates were collected at 7.00-9.00 am from three Boer goats twice per week. After
collection, the semen samples were pooled and diluted with tris-egg yolk extender at the ratio of
1:7 (semen to extender). Sperm quality (progressive motility, non- progressive motility, kinetic
motions, viability (live/dead) and morphology) were analyzed using computer aided sperm
analyzer (CASA). For experiment 1: sucrose 0.12g had higher progressive motility (PM %) when
compared to maltose, and trehalose at 0h but reduced after cryopreservation. Sucrose 0.12
showed high percentage of kinetic motions (straightness and average path velocity) when
compared to other sugars at 0 hours. More morphological defects M (CH) were revealed by
maltose 0.12 at 0 hours. Sugar type (ST) and evaluation time (ET) showed no significant
difference (P>0.05) in progressive motility (PM %), sperm kinetic motion, sperm viability and
morphology. For experiment 2: mixed/combined 0.12g (maltose and trehalose) revealed more
progressive motility (PM %) at 0h and reduced after cryopreservation. Table 6 and 9: of
experiment 1 and 2 showed an interaction caused by sugar concentration level and evaluation
time (L X ET) on the percentage of cut head M (CH%) and coiled M(C%) morphological
abnormalities. In conclusion addition of maltose 0.12g to the extender showed almost similar
results with that of trehalose at 0h and 120h. Therefore addition of maltose and trehalose to the
extender might improve the quality of Boer goat spermatozoa prior and post cryopreservation.
Key words: Boer goat, Spermatozoa, Disaccharides, Cryopreservation and CASA
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CHAPTER 1: INTRODUCTION

1.1 Background of the study
Boer goat is a breed that was developed in South Africa in the early 1900s for meat production.
According to Sambraus (1992) Boer goats are large, long-legged goats with short, soft hair, long
lop ears, white with reddish-brown heads, ears and necks. They are now considered to be the
most preferred goat breed for meat production because of their excellent body confirmation, fast
growing rate, and good carcass quality (Naing et al., 2010). Recently, loss of genetic diversity
within indigenous livestock breeds has been a major concern. Drought is regarded as one of the
major causes for loss in genetic diversity. Goto et al., (1989) reported that sudden injury and or
death of a valuable animal carrying genetically beneficial traits can be a marked loss to animal
producers and industry. It is estimated that 35% of mammalian breeds and 63% of avian breeds
are at risk of extinction. Cardellino (2004) also reported that due to loss of diversity, a large
proportion of domestic animal breeds in the world is believed to be in danger of extinction.
Cryopreservation is one of the techniques to be used for Boer goat semen preservation. (Kundu
et al., 2000; Dorado et al., 2007 and Rahman et al., 2008) described cryopreservation as the
process whereby sperm cells are preserved in liquid nitrogen (LN2). However Holt (1997), Andrabi
and Maxwell (2007) describe it as a technique used for long-term conservation of genetic material
(germplasm) of endangered species. One of the advantages of cryopreservation is that it extends
the reproductive life of a buck after his death (Rahman et al., 2008). According to Celeghini et al
(2008) the use of cryopreserved semen in animal breeding programmes frequently results in
reduced fertility. Isachenko (2003) reported that sperm cryopreservation usually induces the
formation of intracellular ice crystals, osmotic and chilling injury, which causes sperm cell damage,
cytoplasmic fracture, or even effects on the cytoskeleton or the genome related structures.
Hammerstedt et al (1990) reported that for successful semen cryopreservation, the composition
of an extender and optimal freeze rate play important roles in minimizing extra- and intra-cellular
stresses. Purdy (2006) supported this by saying that the choice of extender plays an important
role in determining the viability of deep frozen semen. In order to get the best post-thaw semen
characteristics which would lead to greater fertility, the influence of different sugars on Boer goat
spermatozoa should be evaluated. Leibo and Songsasen (2002) reported that sugar maintains
the osmotic pressure of the diluents by inducing cell dehydration and less ice crystal formation in
the spermatozoa. Sugar is utilized by spermatozoa as an energy source through glycolysis and
1|Page

mitochondrial oxidative phosphorylation to support sperm motility and movement. Naing et al
(2010) also discovered that a combination of sugars supplemented to a freezing extender
provided improvement to buck sperm function, viability and quality following cryopreservation.
Many studies focused much on glucose and fructose as supplements in the extender for semen
preservation but few on maltose, trehalose and their combination.

1.2 Problem statement
Genetic material from animals of economic interest can be lost anytime. This can be due to the
effects of drought, sudden injury and or death of valuable animals carrying superior genetic traits.
Although cryopreservation is a process of preserving sperm cells for long periods of time, in
animal breeding programmes, it results in reduced fertility. This is mainly because of damage
caused to cells during freezing and thawing. Many studies have been conducted on semen
cryopreservation but still the ability to freeze Boer goat semen remains a challenge.

1.3. Justification
Due to the economic and meat value of the Boer goat breed, most local farmers are now trying to
switch from unimproved indigenous goats to the Boer goat breed. Therefore cryopreservation of
buck spermatozoa is necessary, in case bucks of high genetic value die unexpectedly, then their
preserved semen may be used through assisted reproductive techniques (ART). Few studies on
the use of different sugar (maltose, sucrose and trehalose) concentrations as supplements to the
extender have been conducted and none have been done on mixed/combined (maltose and
trehalose). Therefore, further research on the diluents and techniques that give protection of
sperm ‘cells during cryopreservation is needed. This will allow for increased efficiency and better
utilization of Boer goat spermatozoa in producing progeny of high genetic value that would
otherwise be lost.
1.4 Study objectives
1.4.1 Broad objective
The aim of the study was to improve the protocols for cryopreservation of Boer goat spermatozoa
using different disaccharides concentrations as energy supplements in extender (tris-egg yolk
extender).
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1.4.2
i.

Specific objectives
To evaluate and characterize the effects of supplementing maltose, Sucrose and trehalose
at two different concentrations (0.12g and 0.22g) to tris-egg yolk extender on the quality
of Boer Goat prior and post cryopreservation.

ii.

To determine the effect of combining maltose and trehalose as energy supplements at
concentrations (0.12g and 0.22g) in the semen extender on the characteristics of Boer
goat spermatozoa prior and post cryopreservation.

1.5 Research Hypothesis

i.

The concentrations of (Maltose, sucrose and trehalose) does not affect the quality of Boer
goat spermatozoa prior and post cryopreservation.

ii.

Mixed/combined (maltose and trehalose) sugars in the semen extender does not affect
the characteristics of Boer goat spermatozoa prior and post cryopreservation.
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CHAPTER 2: LITERATURE REVIEW

2.1 Introduction
Semen preservation and artiﬁcial insemination is a powerful technology tools for genetic
improvement and management of animal breeding programmes. This is because assisted
reproductive techniques allow the storage of semen from genetically valuable animals and extend
generation times. Cryopreservation is the technique of freezing cells and tissues at very low
temperatures at which the biological material remains genetically stable and metabolically inert,
while minimizing ice crystal formation. In general, when a tissue is subjected to low temperatures,
ice crystals will eventually form. These crystals may disrupt the cell membrane leading to the
death of the cell. One of the ways to solve problems related to cryopreservation is through the
use of cryoprotective agents. Cryoproptective agents protect the cells from mechanical and
physical stress and reduces the water content within the cells, thus minimizing the formation of
cell-lysing ice crystals. Sugars are one of the cryoprotective agent reported to have beneﬁcial
effects on the post-thaw viability of mammalian sperm cells. Leibo and Songsasen (2002)
reported that sugars provide an energy substrate for sperm cells during incubation, maintain the
osmotic pressure of the diluent and act as cryoprotectants.

2.2 Origin of Boer goat
Boer goats were developed in South Africa in the early 1900s for meat production, and their name
is derived from the Dutch "Boer," meaning “farmer” (Solaiman, 2010). Boer goats were probably
bred from the indigenous goats of the Namaqua Bushmen and the Fooku tribes, possibly with
some crossing of Indian and European bloodlines. Boer goats evolved in South Africa from the
indigenous African and the introduced European stock (Epstein, 1971). These include Bantu and
Nubian, Saanen, Toggenburg and probably Angora. Out of South Africa, they are also found in
Botswana, Lesotho, Swaziland, Zimbabwe, Namibia, Kenya, Burundi, Mozambique, Australia,
USA, New Zealand, Germany, Israel, France and China (Malan, 2000). Germany used to have a
large goat production (used mostly for research), and nations like Mexico and Argentina are
beginning to farm Boer goats, but on a smaller scale.
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Figure 1: Boer goat (University of Venda)

2.2.1 Site of sperm production
Sperm cells are produced in the seminiferous tubules of the testis through a process called
spermatogenesis. After formation in the seminiferous tubules of male goat, the sperm cells are
forced through the rete testis and vasa efferentia into the epididymis, where they are stored while
undergoing maturation changes that make the sperm capable of fertilization (Hafez and Hafez,
2000).
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2.2.3 Spermatogenesis
Spermatogenesis is the process whereby spermatozoa containing half the number of
chromosomes (haploid) are produced, compared to the somatic cells. This process takes place
in the seminiferous tubules of the testis of a buck. In mammals, it occurs in the male testes and
epididymis in a stepwise fashion and in humans it takes approximately 64 days. Spermatogenesis
is highly dependent on optimal conditions (e.g. temperature) for the process to occur efficiently,
and is critical in reproduction. Spermatogenesis starts at puberty and usually continues
uninterrupted until death. A slight decrease in semen production is discerned with an increase in
age of an animal (Knobil and Neil, 1999).

2.3 Reproduction performance of Boer goat
Reproductive fitness may be regarded as the most important criterion relating to adaptation. From
the onset of its reproductive life span, the improved Boer goat has established itself as a most
productive and prolific breeder. Mean data from 826 goat does, 1.5 ± 6.5 years of age, revealed
that 7.6% of lambs were born as singles, 56.5% as twins, 33.2% as triplets, 2.4% as quadruplets
and 0.4% as quintuplets (Erasmus et al., 1985). Interestingly, the Boer goat appears to attain
maximum fertility at the relatively early age of 3.5 years; all the quadruplets and quintuplets being
born at this age. In another study, 15.2% of the kids were born as singles, 67.5% as twins, 16.3%
as triplets and 0.9% as quadruplets (Els, 1995). On the other hand, it was reported that Boer
goats exported to Re Âunion Island between 1976 and 1982 were less productive regarding
reproductive performance when compared to the indigenous Creole goat. Kimmes (1992) found
out that for Creole, Boer Creole and Boer goats, litter size averaged 2.28, 1.81 and 1.75 kids,
respectively; the conception rate averaged 96, 94 and 90, respectively, while annual kid
production per doe averaged 2.57, 1.79 and 1.6, respectively.
2.4 Method of semen collection
2.4.1 Semen collection using the artificial vagina
The artificial vagina as a means to collect semen is easy to use and the semen collected is
generally relatively clean and the ejaculate is similar to the natural ejaculate (Salisbury et al.,
1978). Briefly the artificial vagina (AV) consists of a rigid cylinder of rubber and a thin walled
rubber tube for the inner lining. A water-tight jacket is formed inside the cylinder by folding both
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ends of 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 simulates the thermal, while
the pressure in the AV provides the mechanical stimulation of the vagina over the glans penis
(Donovan et al., 2001). The major disadvantage of this method of semen collection is that the
animals have to be trained beforehand to utilize this method (Mathews et al., 2003).
2.4.2 Electro-ejaculator
Electro-ejaculation involves applying a series of short, low-voltage pulses of current to the pelvic
nerves which are involved in the ejaculatory response. The technique is widely used for semen
collection in domestic animals such as cattle, sheep and bucks (Wulster-Radcliffe et al., 2001a).
The buck has to be well restrained on the lateral position during EE technique for violent reaction
arising from the electric shock (Ramukhithi et al., 2011b).Three pieces of equipment are required
for electro ejaculation. The electro ejaculator itself is a power supply with rheostats to control the
amplitude of the delivered current and lots of circuitry to prevent accidental electrocution. Second,
one needs a collection tube, usually attached to a latex rubber cone ("loving cup") in which to
collect the semen. An electric probe is inserted into the rectum adjacent to the prostate gland.
The probe delivers an AC voltage, usually 12-24 volts sine wave at a frequency of 60 Hz, with a
current limited to usually 500 mA. The probe is activated for 1-2 seconds, referred to as a stimulus
cycle. Ejaculation usually occurs after 2-3 stimulus cycles. Care must be taken when using
currents greater than 500 mA, as tissue burns may result due to heating of the probe. The stimulus
voltage stimulates nearby nerves, resulting in contraction of the pelvic muscles and ejaculation.
The animals generally experience no harmful effects, no loss in body condition, no real change in
disposition, and no special disinclination to further application of the treatment.
2.5 Evaluation of semen characteristics
2.5.1 Colour
The first measurement of raw or fresh semen to indicate quality is its overall appearance. Raw
(unaltered) semen appears as a thick whitish to slightly yellowish fluid. The semen colour varies
from milky- white to pale creamy in colour (Bag et al., 2002). According to Hafez and Hafez (2000),
there exists a correlation between the colour and the sperm concentration of the semen ejaculate.
The viscosity of the semen sample is often a reflection of the number of sperm cells present.
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Collected semen must not have a noticeable odor, and if so, poor sanitary procedures during
collection probably occurred. The emitting odor is most likely reflective of prepuce fluids (urine)
which are generally heavily laden with bacterial and foreign contaminants. It has been suggested
that semen samples with abnormal colour and consistency should be examined for determining
actual concentration of spermatozoa, as reduced concentration leads to low fertility (Roberts,
1971).
2.5.2 Sperm concentration
Sperm concentration refers to the number of sperm cells per milliliter of semen (Graffer et al.,
1988). He further reported that sperm concentration in the ejaculate serves as one of the criteria
in semen characteristics, to qualify fertile males for breeding purposes. The most common means
of determining sperm concentration is to simply count sperm under a microscope with the aid of
a hemacytometer. A hemacytometer is a glass slide onto which a precision grid has been etched.
2.5.3 Sperm motility and motion
Factors that affect mass motion of the spermatozoa include concentration, percentage of
progressively motile cells and the speed/vigor of sperm motion. If one or more of these factors is
compromised, the swirling of mass motion will be suppressed. Sperm motility is the parameter
assessed in semen analysis that consists of the ability of sperm to swim in a forward direction
and is the most commonly evaluated trait for semen quality. To evaluate motility, a 5 mm diameter
drop of the semen is placed on a warm glass-slide and mass motion is observed under bright field
microscopy at X40 magnification with the field diaphragm closed (Karatzas et al., 1997). There
are several means for evaluating motility but alternatively to the subjective visual motility
evaluation, photographic analysis or computer assisted semen analysis (CASA) can be used.
Computer-assisted semen analysis allows the analysis of sperm concentration, sperm motility,
sperm motion, and to a certain extent, sperm head morphology.
2.5.4 Sperm viability
Sperm viability is an important measure of fertility, doctors and scientists often test seminal fluid
to measure the percentage of living and non-living sperm it contains. Sperm viability (vitality)
should be assessed if a low percentage of sperm are progressively motile, e.g. 30-40%. Since
motile cells are inherently viable, a viability assessment may not be necessary when motility is
high. This test is important to determine if the non-motile spermatozoa are alive or dead. Viability
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testing should be performed as soon as possible after liquefaction. To assess viability, a
commonly used staining method is eosin-nigrosin (Matshaba, 2010). Vital staining of the
spermatozoa allows quantification of the fraction of living cells independently of their motility. A
modification of the staining procedure (Raseona, 2015) to distinguish live from dead sperm was
applied by adding one drop of eosin stain to one drop of semen at room temperature and and
drying off over one to two minutes depending on ambient temperature, followed by smearing the
mixture on a microscopic slide. A 100 spermatozoa are classified as either colored orange-red, if
the stain has passed through the membrane and therefore the cell is considered dead, or nonstained, the cell than being considered alive. This staining technique makes it possible to
differentiate spermatozoa that are immotile but alive from those that are dead (Hafez and Hafez,
2000).
2.5.5 Sperm morphology
Sperm morphology is generally dependent on spermatogenesis. Poor handling techniques leads
to primary abnormalities which occur during spermatogenesis in the testis and secondary
abnormalities which occur during maturation in the epididymis and also tertiary abnormalities. The
sperm is defined as a highly structured cell, designed to deliver (Deoxyribonucleic acid) DNA to
the oocyte. Generally, sperm abnormalities associated with the head are classified as primary
and those associated with the mid piece or sperm tail as secondary. Abnormalities of the sperm
head include twin, tapering or pyriform, round, shrunken, large, narrow, elongated and diminutive
heads. Abnormalities of the neck on the other hand include broken necks and loose necks (Evans
and Maxwell, 1987). For morphological evaluation, microscope slide is prepared with a very thin
coating of semen. The slide is stained to make the sperm clearly visible and several hundred
sperm are then viewed under high magnification using differential interference phase contrast of
fixed sperm or stained dried samples under oil immersion. The sperm are judged based on the
percentage of normal cells and the nature of the defects as mentioned above (Evans & Maxwell,
1987).
2.6 Buck semen cryopreservation
Cryopreservation is a useful technique for storing semen in liquid nitrogen at (–196 oC) for long
periods until needed for use. Successful cryopreservation of mammalian sperm cells was first
reported in 1949 (Kundu et al., 2000). The cryopreservation of mammalian semen is a
combination process that involves balancing of many factors in order to obtain suitable results.
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This process is based on proper diluents, semen dilution rates, cooling rates, freezing rates and
thawing rates (Kundu et al., 2000; Purdy, 2006; Medrano et al., 2010). Good knowledge of the
sperm cell physiology is important to maximize post-thaw recovery of sperm cells and the fertility
(Purdy, 2006). Cryopreservation of goat semen has advantages, including advancement of
reproductive techniques, such as artificial insemination and in vitro fertilization. The
cryopreservation technique is also important for conduction of genetic research and for production
of transgenic animals (Barbas and Mascarenhas, 2009). However, freezing and thawing of
semen lead to sperm cells functional damage (Kundu et al., 2000; Aboagla and Terada 2004a;
Kozdrowski et al., 2007). Other negative effects of freezing and thawing include reduction of
motility, membrane integrity and fertilizing capability of the sperm cells (Dorado et al., 2007). The
problems that results from freezing and thawing are due to the intensive dehydration or formation
of intracellular ice crystals (Kundu et al., 2000; Aboagla and Terada 2004a; Kozdrowski et al.,
2007). In goats and other species, the fertility rates are mostly below 50 % following insemination
with frozen-thawed semen (Kundu et al., 2000; Martinez et al., 2007).
2.7 Problems associated with cryopreservation of semen
Semen cryopreservation was made possible more than half a century ago upon the discovery of
egg-yolk being protective during cooling. Since then, research on cryopreservation has introduced
and developed several technical modifications of cryopreservation protocols for different species
and to improve the existing process (Johnson et al., 2000; Salamon and Maxwell, 2000). Although
several developments have been made, post-thaw quality and fertility of cryopreserved sperm are
reduced due to damage during cryopreservation (Medeiors et al., 2002). Sperm have variable
responses to freezing and thawing depending on individual males and species (Holt, 2000 and
Thurston et al., 2002). According to Hofmo and Grevle (1999) in most mammalian species, a
substantial number of sperm lose their fertilizing ability at different stages of cryopreservation. For
instance, porcine sperm are sensitive to cold temperatures and the fertility of post-thaw pig semen
is remarkably low for commercial use. Although bovine semen is considered cryoresistant, it still
suffers major damage during freezing, and about ten times more frozen-thawed sperm are
required than fresh bull sperm to achieve equivalent in vivo fertility rates (Shannon and
Vishwanath, 1995). During cryopreservation, a significant proportion of sperm which look normal
otherwise in terms of motility and morphology, may have suffered sub-lethal damages
compromising their fertilizing potential (Watson, 2000).
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2.8 Effect of cryopreservation on spermatozoa
Spermatozoa continuously change and develop from their origins as somatic cells until their
destination as highly specialized cells capable of fertilization. They have basically three functional
regions comprising a head that contain the condensed nuclear material, a mid piece serving as a
powerhouse and a tail which is the propulsive region. Subsequent maturation occur within the
epididymis, followed by further development induced first by contact with seminal plasma and
then by the secretions of the female tract (Varner and Johnson, 2007). The final stages of
spermatozoon development are induced by the immediate environment of the oocyte and its
zona. In the process, most of the organelles are lost together with the cytoplasm, and the
spermatozoa chromatin is remodelled. This specialization, though, is achieved at a cost, reducing
the spermatozoon’s ability to repair itself leading to a greater susceptibility to environmental
change. Hence, even under ideal conditions, it is inevitable that some damage will occur to
spermatozoa during the freezing process (Andrabi, 2007).

2.9 Extenders used in freezing semen
The addition of a cryoprotectant to the semen sample is needed in order to protect spermatozoa
from cold shock. A large variety of extenders combining various components (sugars, electrolytes,
buffers, egg yolk, milk and milk products), have been proposed and used for extending sperm.
Milk and milk-based extenders are known to be practical and efficient in protecting spermatozoa
of various species (Batellier et al., 2001; Varner et al., 1989). Glycerol and egg yolk extenders are
amongst the first to be used for freezing semen (Garner et al., 1999; Curry, 2000; Holt, 2000;
Medeiros et al., 2002). Today many extenders use glycerol as a major cryoprotectant. According
to Fahy (1986) glycerol is used at a relatively high concentration which can be detrimental to
spermatozoan viability at higher temperatures hence it is added after the semen has been cooled.
Examples of extenders for freezing include egg yolk and those based on skimmed milk with egg
yolk (Pickett and Amann, 1993). Success has been reported with the use of trehalose as a
cryoprotectant within a skimmed milk–egg yolk extender. It is suggested that trehalose has a
stabilizing effect on the spermatozoon plasma membrane (Steinmann, 1996).
2.10 Cryoprotective agents
Cryoprotective agents or cryoprotectants are included in the cryopreservation medium to reduce
the physical and chemical stresses derived from cooling, freezing and thawing on the sperm cells
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(Gao et al., 1997; Purdy, 2006). According to Karow (1981), Mazur (1984) and Brockbank (1995)
cryoprotectants and their modes of action have been the subject of many reviews, with glycerol
and DMSO being the most commonly used cryoprotective agents. The addition of cryoprotectants
during the freezing process is necessary in order to increase post-thaw viability and survival. The
most commonly used cryoprotectant agents are sugars and glycerol. “Sugars have shown the
ability to lower the Van der Waals interactions at the membrane hydrocarbon chains that enhance
trans-membrane transfer (especially phospholipids)” (Yildiz et al., 2007). The cryoprotectants can
be classified as penetrating or non-penetrating agents (Aisen et al., 2000).

2.11 Sugars in the diluent for freezing goat semen
Sugar is a class of edible crystalline substances which is divided into two categories, such as
monosaccharide and disaccharides (McDonald et al., 1995). Sugars are included in semen
extenders for respiration, to provide osmotic balance, energy as well as for cryoprotection of the
sperm cells (Singh, Sinha and Singh, 1995; Aboagla and Terada, 2003; Purdy, 2006). According
to Aboagla and Terada (2003) the presence of sugars in the diluents, positively affects the pattern
of ice crystallization which could possibly relieve or prevent fast-cooling damage to the sperm
cells. Osmolalities of sugars in the semen extenders ranges from 6 mM–375 mM (Purdy, 2006).
Monosaccharides are the most basic unit of carbohydrates; they are the simplest form of sugar,
usually colourless, water-soluble and have a sweet taste. Monosaccharides examples include
glucose, fructose, galactose, xylose and ribose (McDonald et al., 1995). Glucose-fructoseraffinose yolk have been investigated in several studies and proven to have a potential in use for
freezing goat sperm cells (Aboagla and Terada, 2003). Disaccharides are the carbohydrates
which are formed when two monosaccharides are joined together. They are sometimes
crystalline, watersoluble, sweet-tasting and have a sticky-feeling, depending on the
monosaccharide constituents. Examples of disaccharides are sucrose, lactulose, lactose,
maltose and trehalose (McDonald et al., 1995).
2.12 Advantages of using the computer assisted sperm analysis (CASA) system
The CASA provides an accurate evaluation of semen parameters such as spermatozoa motility
by avoiding errors that may arise as a result of subjective evaluation of different technicians and
reduces the time spent on semen evaluation (Jane et al., 1996). More objectivity and repeatability
in assessing sperm motility can be achieved by the Computer Assisted Sperm Analysis (CASA)
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(Davis and Siemers, 1995). The use of CASA offers a more reliable, unbiased and repeatable
means of assessing sperm motility, compared to examination by the human eye (Colenbrander
et al., 2003). Individual spermatozoa can be analysed and video images of the sperm cells are
captured and analysed by the software.
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CHAPTER 3: MATERIALS AND METHODS

3.1 Experimental site
The experiment was conducted at the School of Agriculture in the CEAAR Biotechnology
Laboratory, University of Venda, Thohoyandou which is about 70 km east of Louis Trichardt in
the Limpopo Province of South Africa. Daily temperatures at Thohoyandou vary from about 25 ˚C
to 40 ˚C in summer and between 12 ˚C and 26 ˚C in winter. Rainfall is highly seasonal with 95%
occurring between October and March. The average annual rainfall is about 800 mm but varies
from year to year.
3.2 Animals and management
During this study, semen was collected and replicated five times from three mature, healthy bucks
housed at University of Venda experimental farm. The bucks were of sound conformation and of
good body condition. Semen was collected twice per week. The experimental animals were
housed in enclosed pens without roofing under natural ventilation. Every morning, the bucks were
fed pellets and clean water was provided ad-libitum. All procedures for this study were approved
by ethical committee of the University of Venda.
3.3 Experimental design: Experiment 1
The study was replicated six times. Boer goat semen was collected using electro-ejaculator.
Three disaccharides (maltose, sucrose and trehalose) at two different concentrations (0.12g and
0.22g) were used as supplements in tris-egg yolk extender. The semen was evaluated at (0h and
120h) and stored in liquid nitrogen (LN2) at -196 °C.
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Table 1: Experimental design: Experiment 1
Method of

Sugars

Concentration

collection

type

levels

Electro-

Maltose

0.12g

ejaculator

Extender

Evaluation

Storage

Replication

Time
Tris-egg

0 before

yolk

and 120

extender

hours after

Liquid N

6

Liquid N

6

Liquid N

6

Liquid N

6

Liquid N

6

Liquid N

6

freezing
0.22g

Tris-egg

0 before

yolk

and 120

extender

hours after
freezing

Electro-

Sucrose

0.12g

ejaculator

Tris-egg

0 before

yolk

and 120

extender

hours after
freezing

0.22g

Tris-egg

0 before

yolk

and 120

extender

hours after
freezing

Electro-

Trehalose 0.12g

ejaculator

Tris-egg

0 before

yolk

and 120

extender

hours after
freezing

0.22g

Tris-egg

0 before

yolk

and 120

extender

hours after
freezing

3.4 Experimental design: Experiment 2
The study was replicated six times. Boer goat semen was collected using electro-ejaculator. Two
mixed/combined disaccharide (maltose and trehalose) at two different concentrations (0.12g and

15 | P a g e

0.22g) were supplemented in tris-egg yolk extender and evaluated at (0h and 120h). The semen
sample were stored in liquid nitrogen (LN2) at -196 °C.

Table 2: Experimental design: Experiment 2
Method of Sugars

Concentration

Extender

collection

type

levels

Time

Electro-

(Maltose

0.12g maltose Tris-egg

0h

ejaculator

and

and

120h

0.12g yolk

Trehalose) trehalose

Evaluation

Storage

Replication

and Liquid N

6

and Liquid N

6

extender

Electro-

(Maltose

0.22g maltose Tris-egg

0h

ejaculator

and

and

120h

0.22g yolk

Trehalose) trehalose

extender

3.5 Preparation of extenders
The egg yolk was prepared by modification of the procedure described by Alexandra (2013);
i.

The eggs were obtained within one week of laying from University of Venda poultry house,
were cleaned with 70% alcohol and dried with paper towel.

ii.

The cleaned eggs were cracked in half and egg white discarded

iii.

Egg yolk was placed on a paper towel and yolk rolled carefully on the paper towel to
remove the remaining egg white.

iv.

The yolk was then punctured with a thick sterile needle and internal egg yolk extracted.
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The tris-egg yolk extender was prepared by modification of the procedure described by
Chaveiro et al. (2006) (Table 3).

Table 3: The tris-egg yolk extender constituents
Constituents

A1

A2

B1

B2

C1

C2

D1

D2

Tris (g)

0.46

0.46

0.46

0.46

0.46

0.46

0.46

0.46

Citric acid (Monohydrate) (g)

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.25

Fructose(g)

0.007

0.007

0.007

0.007

0.007

0.007

0.007

0.007

Maltose (g)

0.12

0.22

-

-

-

-

0.12

0.22

Trehalose(g)

-

-

0.12

0.22

-

-

0.12

0.22

Sucrose(g)

-

-

-

-

0.12

0.22

-

-

Mixed

-

-

-

-

-

-

-

-

Egg yolk(ml)

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

Distilled water(ml)

10

10

10

10

10

10

10

10

Glycerol (ml)

1.25

1.25

1.25

1.25

1.25

1.25

1.25

1.25

Penicillin (g)

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

Streptomycin(µl)

0.06

0.06

0.06

0.06

0.06

0.06

0.06

0.06

Sugar supplements; Experiment 1: Semen extender was supplemented with three different
sugars (Maltose, Sucrose and Trehalose) at two different concentrations (0.12 and 0.22g) each
and replicated six times. Experiment 2: Semen extender was supplemented with mixed/combined
sugars (maltose 0,12g and trehalose 0.12g; maltose 0.22g and trehalose 0.22g) and replicated
six times.
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3.6 Ejaculated spermatozoa collection:
The semen from three bucks was collected with the aid of an electro-ejaculator at the School of
Agriculture Experimental Farm using modification of the procedure described by Raseona (2015).
The bucks were ejaculated twice a week (7.00-10.00 am). Long hairs around the prepuce were
removed by clipping with a clean scissors. The exterior of the sheath was washed using clean
water and dried using paper towel. The probe was lubricated with cooking oil and inserted into
rectum with metal electrodes facing ventrally (downwards). The control unit was then connected
using the cable supplied. The control unit was switched on and the voltage increased
automatically in small increments until the buck maintained erection and ejaculated. The semen
ejaculated was collected directly into 15ml tubes, and immediately placed in a thermos flask at
37°C, without being exposed to any direct sunlight. Ejaculated spermatozoa was then transported
to the Animal Science Biotechnology Laboratory within 20 minutes of collection for microscopic
sperm evaluation. In the laboratory semen was put inside a water bath at 37 °C and the ejaculates
were pooled and diluted at a ratio of 1:5 semen and extender.
3.7 Semen evaluations
3.7.1 Sperm motility rate evaluation
The sperm motility parameters was analyzed with the aid of computer aided sperm analysis
(CASA) system (Sperm Class Analyzer® [SCA] 5.3, Microptic, Barcelona, Spain) (Figure 2). A
total of 3 µl of semen solution was pipetted onto a pre-warmed bevel-edged, frosted-end
microscope glass slide (Thermo Scientific Menzel-Gläser, Germany), gently covered with a
microscope cover slip (Menzel-Gläser, Germany) and evaluated under 10X magnification. The
percentage of motility, concentration and kinetic motion such as the straight line velocity (VSL),
which represented the average velocity of the sperm head measured in a straight line from the
beginning to end of its track (µm/s). The average path velocity (VAP) which accounts for the
average point-to-point velocity of the sperm head along its average track (µm/s).The curvilinear
velocity (VCL), that defines the average point-to-point velocity of the sperm head along its actual
track (µm/s), and straightness (STR): measuring the departure of the cell path from a straight line
were all assessed using CASA (Verstegen et al., 2002, Mocé and Graham, 2008).
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Figure 2: CASA

3.7.2 Viability (live/dead) spermatozoa
Viability was performed using a modification of the eosin-nigrosin stain procedure
described by (Evans and Maxwell, 1987). Spermatozoa was stained with nigrosine-eosin stain.
Microscope slides were labelled with black permanent marker and pre-warmed at 37 °C. Three
micro-litres of the semen and ten micro-litres of eosin stain was then poured on the end of the
slide and mixed using a pipette tip on a warm glass stage at 37 °C. A drop of ten micro-litres of
nigrosine stain was poured on to the mixture and mixed using the same pipette tip. The edge of
the second slide also pre-warmed at 37 °C was placed on the mixture at an angle of 20° from the
horizontal plane and pushed forward to smear across the slide (Matshaba, 2010). The smeared
slide was placed on a hot Buehler® slide warmer (Buehler Ltd., 41 Waukegan Road, Lake Bluff,
Illinois, USA) at 120 °C to allow drying. The dried stained slides were then placed on the CASA
microscope stage at room temperature. A drop of immersion oil was poured on the stained slide
and covered with a cover slip before evaluation. The CASA vitality program was then used at 60x
magnification to count the number of live and dead spermatozoa (Figure 3). A total of 200
spermatozoa was counted per each stained slide and the results were recorded.
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DEAD

LIVE

Figure 3: Live and dead semen
3.7.3 Evaluation of sperm morphology
Abnormal spermatozoa were determined by spamac stains using a modification of the procedure
described by Matshaba (2010). For staining, a 5 micro-litres drop of extended semen was placed
on the clear end of slide. The edge of a second slide was then placed on the drop of semen
sample at an angle of 20° on a horizontal plane and pushed forward to smear the slide. The sperm
smear was allowed to smear at room temperature (24°C). The dried smears were then placed
horizontally down on paper towel inside a staining tray. Four staining procedures were used: for
fix spermac stain: 1ml of spermac fixative was dropped on the dried smear using a plastic
disposable pipette. After 5 minutes the slides were placed vertically on their end on absorbent
paper for excess fixative to be drained off. The slides were washed slowly by dipping seven times
in to distilled water. Excess water was dried off by placing the slides vertically on a paper towel
inside the staining tray. For spermac A: 1ml of stain A was placed on the dried slide. After one
minute, the slides were then washed twice seven times using fresh distilled water. For spermac
stain B: stain B was introduced the same way as stain A, and then washed seven times using
distilled water. For sperm stain C: stain C was introduced the same way as stain B and washed
the same way. The slides were left in an upright position inside the staining tray to let the fluid
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drain until air dry. The dried stained slides were then placed on the CASA microscope stage at
room temperature. A drop of immersion oil was placed on the stained slide and covered with a
cover slip before evaluation. The CASA morphology program was then used at 60x magnification
to count the number of live and dead spermatozoa. A total of 200 spermatozoa was counted per
each stained slide and the results of the normal sperm, headless sperm, and bent tail were
recorded (Evans and Maxwell, 1987).
3.7.4 Cryopreservation and packaging
Cryopreservation was performed by modification of procedures described by Raseona (2015).
The diluted sperm samples were equilibrated in the refrigerator at 5 ◦C for a period of 2 hours.
After 2 hours, extended semen samples were loaded into 0.25 ml labelled plastic straws. After
filling, the semen straws were sealed using polyvinyl powder and placed on a semen freezing
holding racks. For freezing, the Styrofoam box was filled with liquid nitrogen. The straws were
placed on a freezing rack approximately 4cm above the surface of the liquid nitrogen in a
Styrofoam box for 10 minutes. After 10 minutes the straws containing semen were submerged
inside liquid nitrogen and loaded into a liquid nitrogen canister and then stored at (−196 ◦C) for a
period of five days.
Figure 4: Shows the process of semen cryopreservation
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Figure 4: The process of semen cryopreservation

3.7.5 Post - thaw evaluation of sperm cells processes
Straws containing semen from the liquid nitrogen were thawed, by dipping them into a water bath
at 37 ◦C for 40 seconds by modification of procedures described by Raseona (2015). The straws
were then removed from the water bath, wiped dry using a paper towel and the tip cut open with
a scissors. The contents was then emptied into a test tube and 3 µl sample of sperm from different
straws was then placed onto a pre-warmed glass slide and evaluated by phase microscopy for
sperm motility. For sperm viability and sperm morphology the same staining procedures was used
and the results were recorded.
3.8 Statistical analysis for experiment 1
Data were analyzed by analysis of variance (ANOVA) for a 3x 2x 2 factorial in a completely
randomized design using the GLM procedure of Minitab (Minitab, 2013).Three sugar types, two
sugar concentrations and two evaluation times. Significant differences (P ˂0.05) among mean
values of semen quality parameters resulting from treatments were subsequently determined by
Tukey’s procedure (Steel and Torrie, 1981).
3.8.1 Statistical model for the first experiment: 1
=µ + Ei +Sj + Ll + ESij + ELil + SLjl + ESLijl + Ԑijkl
Where Yijk is the observation
µ = Overall mean
Ei = the effect of ith sugar type
Sj =the effect of jth sugar concentration
Ll = the effect of lth evaluation time
ESij is the interaction of ith sugar type and jth sugar concentration
ELil is the interaction of ith sugar type and lth evaluation time
SLjl is the interaction of jth sugar concentration and lth evaluation time
ESLijl = the interaction between ith sugar type, jth sugar concentrations and lth evaluation time
Ԑ

= Random error
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3.9 Statistical analysis for experiment: 2
Data were analyzed by analysis of variance (ANOVA) for a 2 x 2 factorial in a completely
randomized design using the GLM procedure of Minitab (Minitab, 2013). Combined sugar, two
sugar concentrations and two evaluation times. Significant differences (P ˂0.05) among mean
values of semen quality parameters resulting from treatments were subsequently determined by
Tukey’s procedure (Steel and Torrie, 1981).
3.9.1 Statistical model: experiment: 2
= µ + Ei + Sj + ESij + Ԑijk
Where Yijk is the observation
µ = Overall mean
= the effect of ith sugar concentration
=the effect of jth evaluation time
ESij = the interaction of ith sugar concentration and jth evaluation time
Ԑ

= Random error
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CHAPTER 4: RESULTS AND DISCUSSION
4.1 RESULTS
4.1.1 EXPERIMENT 1

Table 4: below shows the summarized results of sperm motility rate characteristics of semen
exposed to extender supplemented with maltose, sucrose and trehalose at 0h and 120h. The
percentage of sperm motility characteristics of maltose, trehalose and sucrose concentrations for
progressive and static at 0hours revealed statistically significant difference (P<0.05). Progressive
motility at 120hours showed no significant difference (P>0.05). NP (%) and Static (%) had no
significant difference at 120hours. The concentration level (S) revealed interaction (P<0.05) for
PM (%) values.
Table 4: Sperm motility rate characteristics of semen exposed to extender supplemented with
maltose and trehalose at 0h and 120h.
Energy

SL(g)

EVT(H)

PM (%)

NP (%)

Static (%)

0.12

0

70.0abc

24.5ab

5.5de

120

10.8d

15.7ab

73.5abc

0

51.3bc

32.8ab

16.0de

120

6.5d

24.5ab

69.0abc

0

84.0a

13.3ab

2.7e

120

5.5d

5.8b

88.7a

0

46.5c

32.7ab

20.8de

120

4.2d

15.0ab

81.0ab

0

72.0ab

21.0ab

7.0de

120

15.7d

46.5a

37.8cde

0

59.8abc

26.5ab

13.8de

120

8.3d

25.3ab

66.3abc

5.0

7.7

8.4

NS

*

*

source
Maltose
Maltose

Sucrose
Sucrose
Trehalose
Trehalose
SEM±

0.22

0.12
0.22
0.12
0.22

Significance
E
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S

**

NS

*

L

**

NS

**

ES

NS

NS

NS

EL

NS

NS

*

SL

*

NS

NS

ESL

*

NS

NS

a-b-c

means within a column, that do not share a common superscript are significantly different

(P<0.05); SL=Supplementary level, ST=Storage, PM=progressive motility, NP=Non-progressive
motility and Static. NS= Non significant difference (P> 0.05),*= Significant difference (P< 0.05),
**= Highly significant (P< 0.01).
Table 5: shows the summarized results of sperm velocity rate of semen exposed to extender
supplemented with maltose, trehalose or sucrose at 0h and 120h. There was no significant
(P>0.05) differences in VSL (µm/s), VAP (µm/s) and STR (%) at both 0h and 120h. VCL (µm/s)
at 0h and 120h showed significant difference (P<0.05). Sucrose had increased VSL (µm/s), VAP
(µm/s) and STR (%) at 0hours compared to all the other sugars at 0.12 concentration level
(P<0.05). A significant difference was revealed by SL on VSL (µm/s) and VAP (µm/s) values on
the other hand the interactions revealed non-significant difference on sperm velocity rate values.

Table 5: Sperm velocity rate of semen exposed to extender supplemented with maltose or
sucrose at 0h and 120h.
Energy

SL(g)

EVT(h)

VSL (µm/s)

VAP(µm/s)

VCL (µm/s) STR (%)

0.12

0

18.0a

27.3a

42.1a

74.5a

120

9.4a

12.5a

16.9bcd

73.1a

0

18.2a

24.5a

39.3abc

74.4a

120

10.9a

12.2a

18.5bcd

65.9a

0

22.3a

26.6a

33.2abcd

83.4a

120

6.0a

9.3a

15.8d

60.7a

0

15.0a

19.7a

27.4abcd

75.9a

120

6.0a

10.1a

16.2cd

57.5a

source
Maltose
Maltose
Sucrose
Sucrose

0.22
0.12
0.22
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Trehalose

0

20.5a

27.4a

42.6a

75.6a

120

13.0a

16.9a

21.1d

73.6a

0

17.8a

24.5a

42.6a

72.8a

120

7.8a

11.2a

15.3d

67.8a

3.6

3.6

4.7

5.3

E

NS

NS

NS

NS

S

*

*

NS

*

L

**

**

**

*

ES

NS

NS

NS

NS

EL

NS

NS

NS

NS

SL

NS

NS

NS

NS

ESL

NS

NS

NS

NS

Trehalose
SEM±

0.12
0.22

Significance

a-b-c

means within a column, that do not share a common superscript are significantly different

(P<0.05); SL=Supplementary level, EVT=Evaluation Time, VCL = curvilinear velocity, VSL =
straight-line velocity, VAP = average path velocity, STR = straightness. NS= Non significant
difference (P> 0.05),*= Significant difference (P< 0.05), **= Highly significant (P< 0.01).

Table 6: shows the summarized morphological characteristics of sperm cells vitality (live and
dead) and of semen exposed to extender supplemented with maltose, trehalose or sucrose at 0h
and 120h.The results revealed no significant differences (P>0.05) on the morphological
characteristics; M (CH), M (C) and M (BT) of Boer goat semen with the addition of different
concentrations of maltose, sucrose and trehalose to the extender at 0h and 120h. The percentage
of sperm vitality (live and dead) of maltose, trehalose and sucrose concentrations had statistically
significant difference (P<0.05) at both 0h and 120h. All sugars had more live spermatozoa before
freezing, after freezing the total live spermatozoa decreased. Further, sperm diluted in sucrose
0.12 and 0.22 experienced greater loss in vitality V (L) spermatozoa at 120hours when compared
to other sugars. Trehalose had more live spermatozoa at both 0h and 120h when compared to all
other sugars. There was significant (SL) interaction on M (CH %) and M (C %)
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Table 6: Morphological characteristics of sperm cells vitality (live and dead) and of semen
exposed to extender supplemented with maltose or sucrose at 0h and 120h.
Energy

SL(g)

EVT(h)

M (CH %)

0.12

0

16.7a

120

M(C %)

M (BT %)

V (L %)

V (D %)

0.7a

4.8a

57.5a

42.5d

11.2a

2.0a

3.2a

7.8d

92.2a

0

12.5a

1.0a

2.7a

39.0ab

61.0cd

120

11.2a

0.7a

2.7a

4.3d

95.7a

0

14.7a

1.3a

0.7a

54.7ab

45.3cd

120

8.7a

1.7a

1.5a

3.3d

96.7a

0

12.3a

1.2a

0.8a

31.8bc

68.2bc

120

6.3a

1.2a

2.7a

2.2d

97.8a

0

15.3a

0.5a

2.8a

58.3a

41.7d

120

12.5a

2.2a

2.0a

11.3cd

88.7ab

0

12.8a

2.0a

3.2a

45.3ab

54.7cd

120

15.0a

1.0a

2.7a

6.3d

93.3a

3.4

0.8

0.9

4.6

4.6

E

NS

NS

NS

NS

*

S

*

*

NS

NS

NS

L

**

**

*

NS

NS

ES

NS

NS

NS

NS

NS

EL

NS

NS

NS

NS

NS

SL

*

*

NS

NS

NS

ESL

NS

NS

NS

NS

NS

source
Maltose
Maltose
Sucrose
Sucrose

0.22
0.12
0.22

Trehalose 0.12
Trehalose 0.22
SEM±
Significance

a-b-c

means within a column, that do not share a common superscript are significantly different

(P<0.05); SL=Supplementary level, EVT=Evaluation Time, M (CH) =Morphology cut head, M(C)
=Morphology coiled, M (BT) =Morphology cut tail. V (L) =Vitality Live, V (D) =Vitality Dead. NS=
Non significant difference (P> 0.05),*= Significant difference (P< 0.05), **= Highly significant (P<
0.01).
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4.1.2 EXPERIMENT 2
Table 7 shows the summarized results of Sperm motility rate characteristics of semen exposed
to extender supplemented with mixed/combined sugar (maltose and trehalose) at 0h and 120h.
Mixed/combined 0.12 sugar had higher progressive motility (56.17%) at 0h (P<0.05) when
compared to mixed 0.22 and reduced after cryopreservation. NP (%) and S (%) showed no
significant difference (P>0.05) at 0h but differed significantly after freezing (P<0.05). There was
significant (P<0.05) (SL) interaction on PM (%) and also S revealed significant difference (P<0.05)
on PM (%) values.
Table 7: Sperm motility rate characteristics of semen exposed to extender supplemented with
mixed/ combined sugar (maltose and trehalose) at 0h and 120h.
Energy

SL(g)

EVT(h)

PM (%)

NP (%)

STATIC (%)

0.12

0

56.2bc

33.5ab

10.3de

120

8.3d

24.3ab

67.3abc

0

56.5bc

33.0ab

10.5de

120

7.5d

47.0a

45.5bcd

5.0

7.7

8.4

S

**

NS

**

L

NS

NS

NS

SL

*

NS

NS

source
Mixed

Mixed

0.22

SEM±
Significance

a-b-c

means within a column, that do not share a common superscript are significantly different

(P<0.05); L=levels, EVT=Evaluation Time, PM=progressive motility, NP=Non-progressive
motility, Static. NS= Non significant difference (P> 0.05),*= Significant difference (P< 0.05), **=
Highly significant (P< 0.01).
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Table 8: shows the summarized results of sperm velocity rate of semen exposed to extender
supplemented with mixed/combined sugar (maltose and trehalose) at 0h and 120h. The
evaluation time revealed significant difference (P<0.05) on VSL (µm/s), VAP (µm/s), VCL (µm/s)
and STR (%) values.
Table 8: Sperm velocity rate of semen exposed to extender supplemented with mixed/combined
sugar (maltose and trehalose) at 0h and 120h.
Energy

SL(g)

EVT(h)

VSL (µm/s)

VAP (µm/s) VCL (µm/s) STR (%)

0.12

0

17.4a

24.3a

40.1ab

72.7a

120

23.3a

26.4a

26.5abcd

77.6a

0

18.5a

25.9a

43.0a

71.5a

120

8.0a

11.5a

16.6cd

62.3a

3.6

3.6

4.7

5.3

S

*

*

NS

*

L

**

**

**

*

SL

NS

NS

NS

NS

source
Mixed

Mixed

SEM±

0.22

Significance

a-b-c

means within a column, that do not share a common superscript are significantly different

(P<0.05); SL=Supplementary level, EVT= Evaluation Time, VCL = curvilinear velocity, VSL =
straight-line velocity, VAP = average path velocity, STR = straightness. NS= Non significant
difference (P> 0.05),*= Significant difference (P< 0.05), **= Highly significant (P< 0.01). VSL
(µm/s), VAP (µm/s) and STR (%) had no significant difference (P>0.05) at both 0h and 120h.VCL
(µm/s) at 0h and 120h showed significant difference (P<0.05). There was no interaction revealed
by SL.
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Table 9: shows the summarized results of morphological characteristics of sperm cells vitality (live
and dead) and of semen exposed to extender supplemented with mixed/combined sugar (maltose
and trehalose) at 0hand 120h. The S X L had interactions on M (CH), M (C) values and there was
significant difference (P<0.05) revealed by S and L on M (CH %) and M (C %) values.
Table 9: Morphological characteristics of sperm cells vitality (live and dead) and of semen
exposed to extender supplemented with mixed/combined sugar (maltose and trehalose) at 0h
and 120h. There was interaction revealed by S X L on M (CH %) and M (C %) values.
Energy

SL(g)

EVT(h)

M (CH %) M (C %)

M (BT %)

V (L %)

V (D %)

0.12

0

13.0a

2.2a

3.7a

46.7ab

53.3cd

120

9.7a

1.3a

2.0a

5.7d

94.3a

0

17.7a

1.5a

2.8a

47.0ab

53.0cd

120

10.0a

1.0a

2.5a

4.0d

96.0a

3.4

0.8

0.9

4.6

4.6

S

*

*

NS

NS

NS

L

**

**

*

NS

NS

SL

*

*

NS

NS

NS

source
Mixed

Mixed

SEM±

0.22

Significance

a-b-c

means within a column, that do not share a common superscript are significantly different

(P<0.05); S L=Supplementary level, EVT=Evaluation Time, M (CH) =Morphology cut head, M(C)
=Morphology coiled, M (BT) =Morphology bent tail, V (L) =Vitality Live, V (D) =Vitality Dead. NS=
Non significant difference (P> 0.05),*= Significant difference (P< 0.05), **= Highly significant (P<
0.01).
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4.2 Discussion
According to Kathiravan et al. (2011) motility is considered the most important characteristic associated
with the fertilizing ability of spermatozoa and as an expression of their viability and structural integrity.
In the current study, sugar concentration levels (S) and evaluation time (L) showed significant difference
(P<0.05) in sperm motility parameters (NP %) and (Static %) at 0h and 120h. Sugar concentration level
(S %) was highly significant in (PM %) in experiment 1. This might be due to the fact that sugars vary
according to types and functionality of their chemical and molecular weight (Purdy, 2006). Low
molecular weight molecules can pass through the plasma membrane of spermatozoa and provide
energy to function in metabolism. High molecular weight sugars are not capable of diffusing across a
plasma membrane and create an osmotic pressure leading to eventually induced cell dehydration
(Purdy, 2006). The percentage of progressive motile spermatozoa was significantly higher (P<0.05) in
sucrose (84.0±5.0) followed by trehalose with (72.0±5.0) at 0 hours (Table 3). Addition of 0.12g sucrose
to the extender improved sperm motility with higher percentage when compared to other sugars at
0hours. The results of the study revealed that addition of sucrose as a non-permeating cryoprotectant
sugar in extender seems to provide more protection to the sperm cells.
Aisen, et al., (2005) reported that sucrose promotes cell dehydration before freezing and prevents injury
caused by intracellular ice formation. Although sucrose has been reported to exert a cryoprotective
effect by direct interaction with the membranes preventing freeze-thaw bilayer destabilization, in the
current study reduced motile spermatozoa after cryopreservation was observed when compared to the
other sugars at 120h. This also agrees with the finding of Woelders et al. (1997) which revealed that
addition of sucrose to bull semen extender exhibited deleterious effect on post-thaw sperm motility.
From the results we can conclude that semen with sucrose can improve reproductive performance of
goats only when used before freezing. This is due to high decrease in PM (%) revealed by sucrose
after cryopreservation. Addition of 0.12g of maltose to the extender had less variation when compared
to trehalose. Findings of this study clearly indicate that addition of 0.12 maltose to the extender showed
almost similar results with that of trehalose at 0h and 120h. This might be due to the fact that trehalose
and maltose have the same molar mass of 342.297 g/mol. They are formed from two glucose units but
joined with different bonds. Therefore, addition of 0.12g maltose in the extenders could protect Boar
goat spermatozoa against freeze damage and also brings positive results after artificial insemination.
This is due to less damage revealed by maltose after cryopreservation when compared to sucrose. The
results are in agreement with the findings of Abdelhakeam et al. (1991) which revealed that maltose
yielded the best post-thaw motility in TEST extender when used in ram spermatozoa.
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Maltose revealed lower PM (%) when compared to trehalose and sucrose at 0h, but had high motile
spermatozoa at 120h when compared to sucrose (Table 4). Comparison between maltose, sucrose
and trehalose revealed a higher progressive motile spermatozoa of (15.7%) after cryopreservation in
0.12g trehalose. Again when 0.22g of trehalose was added to the extender, an increase in PM
(8.33±4.95) was observed when compared to addition of the other sugars. This clearly indicates that
trehalose can be used in Boer goat semen extenders to improve reproductive fertility performance.
These findings agree with the results obtained by (Malo et al. 2010). Trehalose is a non-reducing sugar
formed from two glucose units joined by α 1-1 alpha bond. The bonding makes trehalose very resistant
to acid hydrolysis, and therefore stable in solution at high temperatures even under acidic conditions.
Trehalose has been extensively used to improve sperm quality parameters in semen cryopreservation
and its protective effects significantly improved the freezability of goat spermatozoa (Aboagla and
Terada, 2003). Furthermore Aboagla et al. (2004a) revealed that when trehalose was added to semen
of buck, improved sperm motility, viability, and acrosomal intergrity was observed. In comparing two
concentration levels of trehalose, the 0.12g concentration revealed better results than the 0.22g at both
0h and 120h. This is in agreement with the findings of Aisen et al. (2002), which revealed favourable
effect of the lower trehalose concentrations on spermatozoa motility after thawing, and an unfavourable
effect of higher trehalose concentrations, which was also proved by Hu et al. (2009). Addition of 0.12
maltose to tris egg yolk extender revealed more M (CUT H) and M (BT) abnormalities when compared
to other sugars on the same treatment (table 5). On the contrary sucrose M (CUT H) and M (B T)
showed less abnormalities when compared maltose and trehalose at 0h. For experiment 2: 0.12g of
Mixed/combined had higher PM (%) at 0h (P<0.05) when compared to mixed 0.22. Reduction in PM
(%) was observed after cryopreservation at 120h (Table 7). Mixed 0.22 showed more percentage of
(CH) at 0h and 120h when compared to mixed 0.12. In comparison between sperm motility and
morphological abnormalities, mixed 0.12g had high percentage of PM (%) and lower percentage of cut
head at 0h and 120h when compared to mixed 0.22g. Mixed 0.22 revealed low PM (%) and high (CH
%) experiment 2.
Table: 4 of experiment: 1 sugar concentration level and evaluation time revealed interaction on the
percentage of progressive motility PM (%). All sugars at 0.12 concentration level had high percentage
PM (%) at 0 hours and the reduction was observed after cryopreservation. On experiment: 2 (Table:
7), concentration level (S) and evaluation time (L) showed an interaction on percentage of progressive
motility M (PM %), where the 0.12 concentration level revealed higher percentage of progressive
motility at 0hours and reduction was observed after cryopreservation. This could be attributed to the
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alteration of sperm structure during cryopreservation process and also the amount of energy
supplemented. The fertilizing potential of the frozen thawed sperm is reduced because of alterations in
the structure and physiology of the spermatozoa (Salamon and Maxwell, 2000; Barbas and
Mascarenhas, 2009). Medeiros et al. (2002) reported that these alterations reduce the spermatozoon's
life span and fertilizing ability. 0.22 sugar concentration level revealed less PM (%) at 0hours when
compared to 0.12 concentration level. The results clearly indicate that the higher the sugar
concentration, the more fertilizing potential of semen is reduced. Table 5 and 9: of experiment 1 and 2
showed an interaction caused by sugar concentration level and evaluation time (SL) on the percentage
of cut head M (CH %) and coiled M(C %) morphological abnormalities. At 0.12 concentration level more
cut head were revealed at 0 hours and reduced after cryopreservation. Sperm abnormalities may not
affect motility but reduces life span, ability to interact with the female reproductive tract and sperm
fertility. Spermatozoa morphological assessment is considered the most significant method of
differentiating between semen of high and low fertilizing capacity (Ball and Poters, 2004). The sperm
cell is divided into the head, neck, middle piece, plasma membrane and tail. When sperm have a double
tail, no tail, or a head that is crooked, coiled, bent tail, it is considered to be abnormal, and therefore
unable to successfully penetrate an egg. Abnormal characteristics of spermatozoa are analyzed to
determine the percentage infertility of an animal. The abnormalities might have been caused during
semen smearing and staining. When smearing the edge of a second slide is placed on the drop of
semen sample at an angle of 20° on a horizontal plane and pushed forward to smear the slide. So
sperm abnormalities might results during the process. The results of the current study clearly indicate
that that 0.12g of sugar is the best concentration level to be used when compared to 0.22g. The results
shows that the more the concentration level is added, the more the sperm parameters decreases. This
is in agreement with the findings of Aisen et al. (2002) which says that higher concentrations of
trehalose in the presence of glycerol have a detrimental effect on the acrosome integrity of frozenthawed spermatozoa.

33 | P a g e

CHAPTER 5: CONCLUSION AND RECOMMENDATION
I.

Results of this study revealed high percentages for sperm parameters when 0.12g
concentration level of sugar is added to the semen extender (tris-egg yolk extender).
Furthermore 0.12g concentration can assist in improving post-thawed sperm parameter
characteristics of Boer goat spermatozoa when compared to 0.22g concentration.
Decrease/increase in sperm motility parameters depends on the storage time and the
concentration level of sugar. The higher the sugar concentration the less motile
spermatozoa became.

II.

Different sugars used revealed variable results and this may be due to their different
functionality as offered by their chemical and molecular weight.

III.

Trehalose and maltose can be used for cryopreservation of semen when storage is going
to be for a long period of time, this observation does not apply to sucrose.

IV.

All the sugars (trehalose, maltose and sucrose) are fit for AI (Artificial Insemination)
purposes for a short period of time.

V.

More research needs to be done on ways to preserve Boer goat spermatozoa for extended
periods.

VI.

Combined/mixed (maltose and trehalose) produced lower percentage for motility
parameters when compared to when sugars were used individually.

VII.

More studies need to be undertaken on the use of maltose and trehalose individually and
when combined for Boer goat semen cryopreservation.

VIII.

Although sperm motility parameters decrease with the storage time, the extender used
can still be used for fresh semen preservation for artificial insemination purposes.

IX.

Further studies need to be conducted on addition of different disaccharide (maltose,
sucrose and trehalose) concentrations levels to the extender on Boer goat spermatozoa
and also best ways to be used on improving cryopreservation using maltose and trehalose
for Boer goat spermatozoa.
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APPENDICES

Significant levels for the results of the analysis of variance of Boer goat spermatozoa motility
parameters evaluated at 0h and 120h.
APPENDICES 1: Mean Squares and Degree of Freedom Obtained from the Analysis of Variance
for Buck Motility Characteristics.
SIGNIFICANT LEVELS
Source of

DF

P (%) NP (%) S V (L %) V (D %) M (C H) M (C) M (C T)

Variations
E

3

NS

*

*

NS

NS

NS

NS

*

S

1

**

NS

NS

*

*

NS

NS

NS

L

1

**

NS

**

**

**

*

NS

NS

EXS

3

NS

NS

NS

NS

NS

NS

NS

NS

EXL

3

NS

NS

*

NS

NS

NS

NS

NS

*

NS

NS

*

*

NS

NS

NS

*

NS

NS

NS

NS

NS

NS

NS

SXL

1

EXSXL

3

ERROR

80

TOTAL

95

NS=Non Significant difference(P>0.05),* =Significance (P<0.05), ** =Highly significant(P<0.01),
ST=Sugar Type, L=Levels, T=Time, DF=Degree of Freedom, P=progressive motility, NP=Non41 | P a g e

progressive

motility,

S=Static,

V(Live)=Vitality

Live,

V(Dead)=Vitality

Dead,

M(CUT

H)=Morphology cut head, M(COIL)=Morphology coiled, M(CUT T)=Morphology cut tail.
ST X L X T showed significant difference on progressive motility and non-significant difference
NP (%) ST V (L %) V (D %) M (C H) M (C) M (C T). ST X L showed non-significant difference
in all above mensioned sperm parameters: P (%) NP (%) ST V (L %) V (D %) M (C H) M (C) M
(C T).ST showed significant difference in P (%) NP (%) and S.T had high significant rate in P
(%), S (%), V (L %) and V (D %).

Significant levels for the results of the analysis of variance of Boer goat spermatozoa Kinematic
features evaluated at 0h and 120h.
APPENDICE 2: Mean Squares and Degree of Freedom Obtained from the Analysis of Variance
for Buck Motility Characteristics
SIGNIFICANT LEVELS
Source of

DF

VSL

VAP VCL

STR

Variations
E

3

NS

NS

NS

NS

S

1

*

*

NS

*

L

1

**

**

**

*

EXS

3

NS

NS

NS

NS

EXL

3

NS

NS

NS

NS

SXL

1

NS

NS

NS

NS

EXSXL

3

NS

NS

NS

NS

ERROR

80

TOTAL

95

NS=Non Significant difference (P>0.05),* =Significance (P<0.05), ** = Highly significant (P<0.01),
ST=Sugar Type, L=Levels, T=Time, DF=Degree of Freedom, VCL = Curvilinear velocity, VSL =
straight-line velocity, VAP = Average path velocity, STR = Straightness. ST, STXL, STXT, LXT,
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STXLXT showed non-difference. T showed highly significant results in VSL, VAP and VCL.L
showed significant results in VSL, VAP AND STR.
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APPENDICES 3: SPERMATOZOA MOTILITY PARAMETERS

Parameter

Meaning

Level (L)

Level of sugar used

Evaluation Time (EVT)

Time used for evaluating Boer goat semen

Progressive Motility(PM)

Sperm swims forward in an essentially straight
line.

Non Progressive motility (NP)

Sperm swims, but with an abnormal path,
such as in tight circles.

Morphology cut head M(CH)

Spermatozoa without head

Morphology bent tail M(BT)

Spermatozoa with bent tail

Morphology coiled M(C)

Spermatozoa with coiled tail

Vitality live V(L)

Living spermatozoa

Vitality dead V(D)

Non-living spermatozoa

Straight line velocity(VSL)

Is the average velocity of the sperm head
measured in a straight line from the beginning
to end of its track (µm/s).

Curvilinear velocity(VCL)

The average velocity of the sperm head
through its real path.

Avarage path velocity(VAP)

The average point-to-point velocity of the
sperm head along its average track (µm/s).

Straightness(STR)

Measures the departure of the cell path from a
straight line. This was assessed using CASA.
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