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ABSTRACT

Zebu cattle are the predominant cattle breed in the arid and semi arid lands (ASAL) o f Kenya. 

The Boran, a zebu is one such breed whose full utilization is yet to be optimized as it has been 

viewed as a low grade animal. This is in spite of its adaptive superiority to the ASAL’s. A 

feasible, practical and economic plan for utility of this breed is to produce its 1st filial generations 

(FI) cross-bred animals adapted for various production systems. This study sought to utilize a 

combination of emerging reproductive technologies, especially the in vitro embryo production 

(IVEP), to explore the potential of constant production of FI embryos for delivery o f the desired 

FIs. Such innovations would enhance the utility of the indigenous cattle breeds such as the 

Kenyan Boran beyond beef production.

This study embarked on research to understand how the follicle size and oocyte grade quality 

would influence blastocyst output in an IVEP system. Thus, the association between the follicle 

size and the grade of the cumulus oocytes complex (COC) was evaluated. In addition the extent 

to which these factors affected blastocyst development was studied. Brilliant Cresyl Blue (BCB) 

stain was used to evaluate competence of the COC’s while rates of in vitro maturation, cleavage 

and blastocyst formation were used to determine parameters of the IVEP process.

Some 308 ovaries collected from 154 Boran cows at slaughter from local abattoirs were utilized
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for the study. Follicles were evaluated and divided into 3 groups: - group 1:1-3 mm, group 2; 3-6 

mm and group 3; > 6 mm in diameter. The total numbers of grade A and B COC’s aspirated from 

each of follicle group sizes graded and were recorded and used for IVEP process. The IVEP 

process involved in vitro maturation (22-24hrs), in vitro fertilization (18-22hrs) and in vitro 

embryo culture (7days). The COC’s were fertilized with pre-tested semen from a proven bull and 

the resulting zygotes cultured to the blastocyst stage. Cleavage and blastocyst rates were assessed 

72 hrs post-fertilization and 7 day post-culture, respectively. Some 2658 oocytes were aspirated, 

1628 COC were ran through the IVEP process while BCB stain test was conducted on 1030 

oocytes.

This thesis reports maturation, cleavage and blastocyst rates of 90.95%, 60.48% and 27.55% 

respectively, for COCs from Boran cows during the IVEP process. There was no relationship 

between the follicle size and the grade of COC aspirated (P> 0.05). It was shown that both grade 

A and grade B COC’s can be used for IVEP process for the Boran. There was also no relationship 

(P> 0.05) between the follicle size, COC grade and the rate of maturation However there was a 

strong relationship (P<0.05) between the follicle size, COC grade and cleavage rate and 

blastocyst formation.

The follicle size and grade significantly influenced the BCB competence rate, (P<0.05) with 

COC’s from group 3 being the most competent (88.33 %) followed by those from group 2 

(77.33%) and then those from group 1 being the least (73.09%). The study revealed that in the
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CHAPTER 1

1 Introduction

Zebu cattle are the predominant cattle breeds in Kenya. They are kept in the arid and semi arid 

(ASAL) lands. The ASAL areas constitute over 80% of the country (Republic of Kenya 2003). In 

Kenya the Boran is traditionally kept by the pastoralist community as a source of milk and by 

commercial beef ranches as the main indigenous beef breed (Kimenye, 1985; Okeyo et ah, 1998; 

Rewe et al., 2006). When compared to the Bos taurus breeds, the Zebu cattle are better adapted to 

survive in the harsh and unfavorable climatic conditions of the ASAL’s that are characterized by 

high ambient temperature, poor feed quality and high disease challenges (Herlocker, 1999). In 

spite of its adaptive superiority to the ASALs, the Boran’s milk production ability is very low 

compared to the Bos taurus commercial dairy breeds such as Holstein Friesian, Ayshires, 

Guernsey’s and Jerseys.

Crossbreeding Boran with exotic dairy cattle breeds is one way of enhancing its dairy 

productivity in agriculturally low potential areas of Kenya. Cross-bred (Boran x Bos taurus) 

offspring, especially the 1st filial generations (FI) produce more milk than the Boran and are 

better adapted to the tropics than the Bos taurus (Gregory et ah, 1984; Mwandoto et ah, 1988). 

However, the challenge is that, whereas the FI is the ideal genotype that most suits the
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smallholder farmers’ production environment, maintaining this proportion of Bos taurus and Bos 

indicus genes is difficult as the temptations are usually to go for higher levels of Bos taurus, by 

continuously crossing back the FI to the Bos taurus as there is no commercially available 

crossbred semen. This leads to loss of hybrid vigor through a process known as recombination 

loss (Cunningham and Syrstad, 1987).

A feasible, practical and economic plan for production of such F I’s is therefore needed in order 

to exploit the full potential of the FI cross-bred animals. Adoption of a combination of emerging 

reproductive technologies, especially the in vitro embryo production (IVEP), has the potential to 

constantly produce FI embryos and at the same time deliver the desired FIs, thus enhancing the 

utility of the indigenous cattle breeds such as the Kenyan Boran beyond commercial beef 

production (Henshall et al., 2006; Mutembei et al., 2008 a,b).

Although bovine IVEP embryos are being produced in great numbers worldwide (Thibier, 2005), 

a major challenge to this technology is variability of the results by the different laboratories and 

production systems (Carmago et a l, 2006). These differences have been attributed to several 

factors including the breed, oocyte quality, follicular environment, fertilization, and embryo 

culture environment (Lonergan et al., 2006).To optimize IVEP system for any cattle breed, it is 

important to first understand how the donor cows’ follicular parameters, including size of the 

follicles influence the oocyte competence and grade of cumulus oocyte complex’s (COC).

2
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Studying such ovarian factors enables a clear understanding of various breed characteristics that 

would affect embryo output during the IVEP process.

While these ovarian follicular factors have been previously studied in other breeds, information 

was scarce for the Boran breed. The research reported here therefore focused on the effects of 

follicular size and grade of cumulus oocyte complex on oocyte and in vitro development 

competence (cleavage and blastocyst rates) in the Boran cow.

3
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CHAPTER 2

2 Objectives and Justification

2.1 General objectives and Purpose of the Study

The overall objective of the study was to increase dairy cattle productivity in the low input 

production systems in Kenya through innovative application of assisted reproductive technology, 

specifically in vitro embryo production.

The purpose of this study was to design optimum conditions for an in vitro embryo production 

system for Boran cattle. This study utilized oocytes collected from Boran cows at slaughter and 

used them to set a basis for ovum pick up which would be the ideal technology for such a 

production system. This study succeeded in setting the protocol for use in an in vitro set up in 

Kenya.

2.2 Specific Objectives

• To assess the effect of follicle size on the grade of the aspirated Cumulus Oocyte 

Complex(COC) in Boran Cattle

• To investigate the effect of follicle size of origin and Cumulus oocyte grade on oocyte 

developmental competence as assessed by the Brilliant Cresyl Blue stain in Boran cattle

4
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• To investigate the relationship between follicular size and COC morphological grade on 

in vitro embryo developmental competence as assessed by cleavage and blastocyst 

development in Boran cattle.

2.3 Justification

It was justified to carry out studies on factors that affect IVEP systems for the Boran cattle 

because this is the major commercial beef breed in Kenya. The Boran presents an ideal potential 

for rural dairy setups in terms of future genetic and commercial improvements.

Limited experiences with Boran cows during in vitro embryo production (IVEP) had 

demonstrated that variability of oocyte donors at slaughter warranted ovum pick up (OPU) from 

live animals as a future option of application in Kenya (Mutembei et al., 2008 a,b). However, 

before embarking on OPU, preliminary studies using cost effectively available ovaries obtained 

from Boran cows at slaughter were necessary so as to evaluate oocyte developmental dynamics. 

Slaughter house ovaries presented an advantage of providing oocytes in the numbers required to 

cost effectively study the relationship between follicle size, oocyte competence, oocyte 

morphology and grade on fertilization (cleavage) and embryonic development and viability 

(blastocyst and conception rates) for the Boran. Once follicular dynamics of Boran cows are 

understood, a clear foundation of information will be available for timed ovum pick up (OPU) 

and timed embryo transfer (TET) (Gordon, 1996, Barros and Nogueira, 2005). Ovum pick up will 

control the source of the oocyte and can utilize oocyte donor’s whose genealogy is well known.

5
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CHAPTER 3

3 Literature Review

3.1 Assisted Reproductive Technologies ( ART)

Biotechnologies in farm animal reproduction are greatly responsible for the significant progress 

made in breeding and genetics in cattle (Thibier, 2005). Various techniques have been developed 

and refined to obtain a large number of offsprings from genetically superior animals. Artificial 

insemination(AI) and embryo transfer alone have resulted in an almost complete transformation 

of the breeding work, especially in the dairy industry. In Kenya, AI has been available since 

1946 and currently provides about 400,000 doses of semen annually to Dairy farmers (CAIS, 

2009). Other biotechnologies that have developed over time include Multiple Ovulations and 

Embryo transfer (MOET), Sex determination of sperm or embryos, cryopreservation of embryos 

and semen, nuclear transfer or cloning and in vitro embryo production.

3.1.1 In vitro Embryo Production

In vitro embryo production (IVEP) is one of the relatively new assisted reproductive 

technologies in cattle breeding and husbandry (Carmago et al., 2006). This IVEP biotechnology 

comprises of: oocyte recovery, oocyte maturation, in vitro fertilization and embryo culture.

6
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Oocytes can be obtained from either live or dead animals. Follicular oocytes recovered from 

ovaries obtained from cows at slaughter are commonly used to study factors that affect the 

process o f IVEP (Aim et al., 2005).IVEP is also faced with the usual ART challenges, with the in 

vitro development of bovine oocytes to the blastocyst stage yield of about 30% (Rizos et al., 

2002). The quality of embryos produced in vitro is affected by various factors, both intrinsic and 

extrinsic (Merton et al., 2003). Extrinsic factors include efficiency of recovering oocytes from 

follicles (Boland et al., 1993, Cognie et al., 2004) and the fineness of processes of in vitro 

maturation (IVM), in vitro fertilization (IVF) and In vitro culture (IVC) (Mermilliod et al., 1999, 

Merton et al., 2003). Intrinsic factors that determine outputs in an IVEP system include, among 

others, the effect of breed (Dufour et al., 2000); influence of age of the animals used as donors 

(Driancourt and Avdi/ 1993) and the plane of nutrition of donor cows (O’Callaghan et al.,, 2000). 

The follicle size of origin and the quality of the oocyte are also key factors affecting IVEP 

(Lonegran et al., 1994).

The effect of breed on developmental competence of oocytes and embryos is evident because 

significant differences between breeds occur (Rocha et al., 1998; Block et al., 2002; Paula-Lopes 

et al., 2003 Carmago et al., 2006). In cattle, oocyte source, whether from a dairy or a beef breed, 

influences the blastocyst rate (Fischer et al., 2000; Boediono et al., 2003). In addition, follicle 

size has been shown to influence oocyte competence and grade of the obtained cumulus oocytes 

complex (COC) (Lonergan et al., 1994; Flazeleger et al., 1995). Both, the oocytes competence

7
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and grade of COC also affects fertilization (cleavage rate) and embryo development (blastocyst 

rate) (Lonergan et al., 1994).While numerous studies have been carried out to investigate these 

factors in other breeds, studies for the Boran breed were scarce and it was therefore prudent to 

investigate how oocytes and embryos of this breed would behave in an IVEP system.

3.2 Development of the Follicle and the Oocyte

3.2.1 Folliculogenesis

Folliculogenesis is the process of development of follicles. An ovarian follicle is a highly 

complex unit comprising of a fluid-filled cavity or the antrum, which bathes a somatic cell- 

surrounded oocyte (for review see Gordon, 1994). The fluid within the antrum is known as 

follicular fluid. It is the follicle which provides a microenvironment for oocyte growth and 

production of hormones.During folliculogenesis, follicles develop and ovulation of one or more 

mature oocytes occurs. This process starts at puberty and it involves sequential sub-cellular and 

molecular transformations by various components of the follicle (Gordon, 1994).

During postnatal life, ovarian follicles continue to grow, mature and either ovulate or regress. 

Each follicle contains one oocyte and the follicles are recruited continuously until the original 

store is exhausted. The bovine follicle grows 300 to 400 fold in diameter from the primary (50 

pm) to the pre-ovulatory (10-15 mm) stage (Lussier et al., 1987). The entire process o f follicular 

growth from the primordial stage (50-60 pm) to the ovulatory stage (10-15 mm) takes

8
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approximately 180 days in cattle and in this time the follicles grow at different times following 

the follicular waves resulting in different sized follicles at any one time (Lussier et al., 

1987).Some physiological reproductive parameters, like folliculogenesis differ among cattle 

breeds and this can imply differences in COC grade or oocyte quality. For instance, Brazilian 

zebu cattle usually have three or four follicular waves with small diameter follicles (Viana et al., 

2000) while European breeds usually have two or three follicular waves and greater diameter 

follicles (Lequarre et al., 2005).

3.2.2 Oocyte Maturation

In the antenatal life oocyte maturation is arrested at the diplotene stage of meiosis I to remain 

dormant until puberty. The maturation commences again at puberty during the folliculogenesis 

phase in a complex phenomenon that facilitates nuclear maturation of the oocyte so as to 

transform from the diplotene state to the Meiosis II (Mil) stage (Yang et al., 1998).

During folliculogenesis the oocyte resumes meiosis in response to the ovulatory luteinizing 

hormone (LH) surge or the trigger to remove it from the follicle. In cows, it has been shown that 

the beginning of nuclear maturation of the oocyte, that is, Germinal Vesicle Breakdown (GVBD) 

occurs within hours after removal of the oocytes from the follicle or the ovulatory LH signal 

(Yang et al., 1998). The oocyte remains arrested at the M II stage until fertilization takes place, 

when the oocyte completes meiosis and forms the pronucleus (sign of complete nuclear

9

> ♦



maturation).However the completion of nuclear maturation alone does not guarantee subsequent 

embryo development (Yang et al„ 1998). Oocytes must also undergo cytoplasmic maturation, 

which involves transformations at the cytoplasmic level that prepare the cell to support 

fertilization and early embryonic development (Blondin and Sirard, 1995).

Oocytes matured in vitro or in vivo have similar rates of nuclear maturation, fertilization and 

cleavage, but clearly differ in their developmental potential (Farin and Farin, 1995). In cows the 

differences in development between in vivo and in vitro cultured bovine oocytes are expressed at 

the morula and blastocyst stages (Farin and Farin, 1995). This shows that important factors either 

in the form of proteins or stable mRNAs are stored during oocyte growth and final follicular 

maturation after the growth has been completed may be responsible for the differential 

developmental competence (Blondin and Sirard, 1995).

3.2.3 Oocyte Developmental Competence

Developmental competence is the ability of the oocyte to produce normal, viable and fertile 

offspring after fertilization (Duranthon and Renard, 2001). The developmental competence of the 

oocyte is acquired within the ovary during the stages that precede ovulation or in case of IVEP, 

during the stages preceding isolation of the oocyte from its follicle (Mayes, 2002).The ability of 

the oocyte to complete meiosis is known as meiotic competence, which is acquired gradually 

during follicular growth. It is closely correlated with oocyte size, which in turn is correlated with
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follicle size and the size of the antral follicle at which the oocyte acquires meiotic competence is 

species-specific (Mayes, 2002). Cleavage and blastocyst rates increased in parallel with meiotic 

competence and significantly higher developmental rates have been obtained when the diameter 

of fertilized oocytes is greater than 120 pm (Hazeleger et al., 1995).

Once the oocyte becomes meiotically competent, inhibitory factors are necessary to maintain the 

oocyte in meiotic arrest. The nature of meiotic arrest in bovine follicles is poorly understood. The 

meiotic resumption is characterized by GVBD, chromosomal condensation, progression to 

metaphase of the first meiosis and release of the first polar body and then arrest at the meiosis II 

(Motlik and Kubelka, 1990). Most mammalian oocytes are ovulated at Mil and remain arrested at 

this stage until activated by a fertilizing spermatozoon or by artificial stimuli (Ozil, 1990).Oocyte 

developmental competence is a difficult parameter to assess since embryonic development may 

fail due to reasons independent o f oocyte quality. The IVEP is commonly used as a means to 

diagnose the competence of oocyte batches representing different physio-pathological situations 

(Gandolfi et al., 1997). Developmental competence is usually expressed as the percentage of 

oocytes that can develop to the blastocyst stage (Gandolfi et al., 1997).However, development to 

the blastocyst stage does not guarantee that the embryo will develop to term. Additional criteria 

may be used to investigate the quality of resulting embryos such as the evaluation of the level of 

expression of specific gene sets, embryo metabolism, or in vitro survival of embryos after 

freezing or vitrification. Other aspects used to evaluate developmental competence include 

morphological evaluations, such as number of blastomeres or the ratio between inner cell mass
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(ICM) and trophoectoderm (TE) cells number and metabolic rates (Crosier et al.„ 2001). 

Nevertheless, embryo transfer, pregnancy results and offspring viability remain the ultimate way 

to finally conclude about oocyte quality.

3.2.4 Development of Preimplantation Embryo

During the early development from day 1 to day 8 the bovine embryo remains within the zona 

pellucida, approximately 170pm in diameter (Morris et al., 2001). The embryos enter into 

several divisions after fertilization. The zygote is a large cell, having a low nuclear to cytoplasmic 

ratio. To attain a ratio similar to somatic cells, cell divisions occur without an increase in cell 

mass. This process is referred as cleavage and the resulting daughter cells are called blastomeres. 

The first cleavage occurs at 2 days after fertilization. Between day 3 and 4 after fertilization the 

embryo contains 8-16 cells. At day 5 and 6 the embryo begins to form junctions and resulting into 

a compact of cells termed the morula.

Compaction is known to be the first essential step in differentiation and is fundamental and 

essential for viable blastocyst formation. The most significant event occurring at compaction is 

the emergence of 2 distinct cell populations: the blastomeres remaining in contact with the 

outside are destined to form the trophoectoderm (TE) cells lineage while the blastomeres inside 

the embryo are destined to form the Inner Cell Mass (ICM).

In mammalian embryos, during the 8, 16 and 32-cell stages, specific cells are induced to change
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their morphological and functional phenotype to a polarized form. This commences with the 

division of the 8-cell stage embryos generating an average of 9 outside and 7 inside cells in the 

embryo (Johnson and Ziomek 1981), with the outer cells being polarised and larger than the inner 

cells that remain apolar.

Trophoectoderm cells therefore are polar, enveloping and fluid transporting (Gardner and 

Johnson, 1972, Ducibella and Anderson, 1975) whereas ICM cells are highly adhesive, compact 

readily on each other and, when aggregated to a morula, move to its center (Johnson and Ziomek, 

1981). The embryo forms blastocoelic cavities at day 8. At this stage, the cells differentiate into 

ICM, destined to become the fetus, surrounded by TE cells, destined to become the placental 

tissue. Around day 9 and 10, expanded blastocysts hatch from the zona pellucida and the hatched 

blastocysts undergo further expansion before they start to elongate at day 13 (Morris et al., 2001).

Cleavage rate is normally assessed 72 hours post fertilization and cells are analyzed for the 

number of divisions present. Blastocyst rate, on the other hand, is analyzed on day 7, 8 and 10 

post-culture. Blastocysts are subdivided as early blastocyst, the smallest in size with the 

blastocoelic cavity are just beginning to form. The blastocyst is the next stage which is 

characterized by a clearly defined blastocoelic cavity and inner cell mass. The expanded 

blastocyst is larger than the blastocyst and signifies the stage prior to hatching of the zona 

pellucida. The hatched blastocyst is the final stage and is characterized by the presence of an 

embryo that has hatched for its zona pellucida.
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3.2.5 Factors that Influence Oocyte Development

3.2.5.1 Follicle size

It is already known, from studies with Bos taurus breeds, that follicle size is associated with 

oocyte developmental competence, which is usually higher in oocytes from follicles greater than 

8 mm in diameter (Hendriksen et al., 2000, Lequarre et al., 2005). Nevertheless, the relationship 

between oocyte competence and follicle size in Zebu breeds, like the Boran, whose follicles are 

known to be naturally smaller, is not yet known. One may expect to find oocytes with higher 

competence in follicles smaller than 8 mm in diameter. Zebu breeds are also more sensitive to 

external hormones used for superovulation than European ones while their oocytes seem to be 

more resistant to heat stress (Camargo et al., 2007). However, for Boran breed no information has 

been published about follicular dynamics, follicle sizes, hormonal treatments as well as oocyte 

competence.

Oocytes grow inside the primordial follicles through a process that lasts about six months in 

cattle. During this period, the oocyte acquires the competence to undergo meiotic maturation 

through a process involving interactions between the oocytes, the theca and granulosa cells 

(Miyano, 2003). Growing evidence suggest that oocyte competence is dependent upon storage of 

gene products (messenger RNA or protein) that support early stages of embryo development 

before full activation of embryonic genome. It appears that oocytes also require additional pre
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maturation to express their complete competence (Hendriksen et al., 2000). In vivo, this pre 

maturation occurs during pre ovulatory growth before the luteinizing hormone (LH) surge, while 

for in vitro embryos this process is critically influenced by ovarian morphology, number and size 

of the follicles present in the ovary at the time of aspiration and composition of the follicular fluid 

(Madison et al., 1992, Hazeleger et al., 1995, Lonergan et al., 2003).

The oocyte quality is, therefore, related to its follicular environment. The size and the quality of 

the follicle of origin (Hazeleger et al., 1995) influence the developmental capacity o f bovine 

oocytes. In cattle differences exist between breeds on how the size of the follicle influences 

oocyte competence and oocyte grade, which also determines embryonic development and 

viability (Hazeleger et al., 1995).For the breeds studied so far, oocyte competence increases as 

the follicle enlarges (Lonergan et al., 1994) and greater rates of embryonic development are 

obtained by using oocytes aspirated from follicles greater than 2-3 mm in diameter (Yang et al., 

1998). Oocyte competence is higher in follicles greater than 8 mm in diameter (Hendriksen et al., 

2000). For the Boran this information is not available and studies were needed to establish how 

the follicular size influences COC grade and oocytes quality. Such information is useful in 

making vital decisions during ovum pick sessions on developmental competence of the oocytes 

recovered from different sized follicles.

15

♦



The developmental competence of the oocyte is also highly dependent upon COC morphology 

and grade (Blondin and Sirard, 1995; Gandolfi et al., 1997). This demonstrates the importance of 

the number and quality o f cumulus cells surrounding the oocyte in this process.Morphological 

appearance is a criterion routinely used to select the cumulus oocyte complexes (COC) for 

developmental potential (Yotsushima et al., 2007). Selection of oocytes for in vitro maturation is 

generally based on the morphology which is refers to the quality of the cytoplasm and the 

characteristic of the cumulus cell invests around the oocyte (De Loos et al., 1989).

COC’s are classified into four grade categories depending on their morphological appearance (de 

Loos et al., 1989; Tamasia et al., 2003); grade A corresponds to intact immature COCs with three 

or more layers of dense cumulus cells and homogeneous cytoplasm. Grade B COCs have fewer 

layers of compact cumulus investment with homogeneous cytoplasm, grade C is a partially 

denuded oocyte that has lost some of its cumulus cells but sustains a homogeneous cytoplasm or 

oocyte with some minor irregularities in the cytoplasm and grade D consists of degenerated 

oocytes as well as oocytes with irregular cytoplasm presenting dark areas. Oocytes with 

fragmented cytoplasm and cracked zona pellucida as well as COCs with abnormal or expanded 

cumulus investments are also classified as grade D.

The absence of reliable markers for the identification of viable embryos for transfer at the early 

cleavage stage contributes to low implantation rates in IVEP setups (Fenwick et al., 2002). To

3.2.5.2 Oocyte Morphology and Grade
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improve the selection of the embryo with the highest implantation potential, Van Montfoort et al., 

(2004) suggested that selection of embryos for transfer should not be based on cell number and 

morphology on the day of transfer alone but also on early cleavage status.To improve on early 

cleavage status, it is essential to select COCs of only grade A or B for IVM and also to screen for 

markers indicating oocytes developmental competence (Carmago et al., 2006).However, COC 

grading has neither been done for the Boran breed nor any studies conducted to establish the 

association of the oocyte grade and in vitro embryo development and viability for this breed. 

Therefore this study aimed to correlate COC morphology with grade and effect of morphology 

and grade on cleavage and blastocyst yield for the Boran cows in order to optimize on its IVEP 

outputs.

3.2.5.3 Developmental Competence

Early cleavage, which is highly correlated to developmental competence of oocytes, is indicative 

of increased developmental potential in embryos and may be useful as a criterion in the selection 

of oocytes for ET (Aim et al., 2005).

Low level of efficiency achieved using in vitro embryo production is almost related to the quality 

of the oocyte at the beginning of maturation (Aim et al., 2005). Immature oocytes, especially 

those from cows with reduced reproductive performance or which are slaughtered at old age, are 

heterogeneous in quality and developmental competence (Gordon, 2003).Although



morphological grading criteria provide reasonable means of identifying maturity and fertilization 

potential (Madison, et al., 1992), results reported by De Loos et al., (1992) suggest that there is 

considerable morphological variability among oocytes capable of normal development. Thus, 

morphological grading criterion provides only a limited means of identifying oocytes that will 

develop in vitro.

Brilliant Cresyl Blue (BCB) staining is easy and a vital method to evaluate glucose 6-phosphate 

dehydrogenase (G6PDH) activity in oocytes (Aim et al., 2005). BCB staining is non invasive and 

does not interfere with the ability of the oocytes to develop.

Immature oocytes are known to synthesize a variety of proteins (Wassarman 1988), such as 

glucose-6-phosphate dehydrogenase (G6PDH) enzyme. This enzyme is active in growing oocytes 

(Mangia and Epstein, 1975) and its activity is decreased in oocytes that have finished their 

growth phase (Wassarman, 1988). G6PDH can convert Brilliant Cresyl Blue stain (BCB) from its 

blue colour into a colourless state (Ericsson et al., 1993). This test is used to determine G6PDH 

activity in the tested oocytes. G6PDH is synthesized within oocytes during oogenesis as a 

component of the pentose phosphate cycle that provides ribose phosphate for nucleotide 

synthesis, and NADPH is utilized as a hydrogen or electron donor in reductive biosynthetic 

reactions such as the formation of fatty acids (Aim et al., 2005).
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A BCB colour change represents high G6PDH activity which is a sign of incompetence 

(immaturity) in oocytes tested (Ferrandi et al., 2002). BCB stain can be used to select oocytes 

with a higher developmental competence in cows, with the BCB- oocytes (colorless cytoplasm, 

high G6PDH) being of lower developmental competence than BCB + oocyte (blue cytoplasm, 

lower G6PDH activity) (Ericsson et al., 1993). This study utilized BCB test to evaluate 

competence of Boran oocytes.
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CHAPTER 4

4 Materials and Methods

4.1 Summary of Activities

Data for this study was collected between January and August 2009. Ovaries were collected from 

S.M Thiani slaughter house in Dagoreti, Kikuyu. Samples were collected two days in a week on 

Mondays and Wednesdays between 6.30 AM and 9.00 AM to coincide with the peak slaughtering 

period. The time between collection and transportation to the laboratory was maintained below 4 

hours.The activities carried out in this study included: pre-slaughter assessment o f the donor 

cow, ovary collection and transportation from the abattoir to the lab, ovary and follicle 

assessment, oocyte aspirations, COC assessment and grading, Brilliant Cresyl blue (BCB) test for 

competence of oocytes, oocyte maturation, in vitro fertilization and embryo culture.

4.2 Donor Cow Assessment

Ovaries were collected from Boran cows at slaughter. Pre-slaughter parameters were evaluated 

during ante-mortem examination and recorded in a designed data collection form (Appendix 3)

Basic data on details of breed, body condition score, age and pregnancy status of the cow were
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obtained and recorded. The breed was ascertained phenotypically (Ojango et al.„ 2006). The 

Boran cattle are usually white or grey fawn. But light brown and black or dark brown shading on 

the head, neck and shoulder and hindquarter also occur. The hooves and muzzle are always black 

and any light colouration in these parts is indicative of presence of foreign blood, usually of 

European taurine type. They have a well-developed dewlap and preputial sheath; they have small 

ears, which are occasionally pendulous and are greater in males than in females. They have deep 

chest, slightly slopping rump and well-developed hindquarters. The body condition score (BCS) 

was based on the 5 point score with 1 being thin and 5 being fat (van Niekerk and Louw. 1980). 

The age of the cow was determined and recorded as heifer, adult or old as conditions in the 

abattoir did not allow for accurate determination of age.

4.3 Ovary Collection and Transportation

The ovaries were harvested in a hygienic manner using a clean knife 5- 10 minutes after stunning 

of the cow. They were then placed in a thermos flask containing Dulbecco’s phosphate buffered 

saline (Dulbeccos’s PBS) that was supplemented with lml/L of Gentamycin (Dulbecco’s PBS+). 

Dulbecco’s PBS was pre-heated by leaving it in a sterile bottle overnight in an incubator set at 

39°C. Ovaries were brought to the laboratory within 3-4 hrs of collection.

4.4 Ovary and Follicle Assessment and Measurement

At the laboratory, ovaries were washed twice using Dulbecco’s PBS+ and dried using a paper
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towel. Each ovary was examined for visible follicles and the ovaries without visible follicles were 

discarded.The number of follicles on the ovary was counted and their sizes determined. Size 

determination was achieved by dissection of the follicles from the ovary and measurement of the 

diameters done with the aid of a calibrated piece of string as shown in Figure 1. Briefly, a ruler 

was used to roughly estimate the size from the surface. Then a scalpel blade was used to dissect 

and isolate the individual follicles, which were then placed in a Petri dish containing warmed 

Tyrodes-Albumin-Lactose-Pyruvate (TALP) Hepes media (Parrish et al., 1986). Each of the 

isolated follicles was picked up and its diameter determined using a string. The measured follicle 

was then placed into another Petri dish containing TALP- Hepes. The length o f the string 

covering the diameter of the follicle was then determined by measuring the string against a 

calibrated ruler.

The follicles were then grouped into 3 categories: - Group 1: follicle size of diameters between 1 

-  3 mm, Group 2: follicles of between >3-6 mm in diameter and Group 3: follicles of diameter 

length greater than 6 mm. From each group, oocytes were aspirated, graded, number oocytes 

falling in each grade counted and recorded
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Plate 1: Determination o f follicle size; assessment o f visible follicles (A),; Rough measurement o f 
visible follicle’s (B), isolation o f the follicle using a scalpel blade (C) , Isolated follicle 
in a Petri dish being measured with a thread (D), isolated follicles in a Petri dish 
containing TALP Hepes (E), Measurement o f the string against a ruler (F).

4.5 Aspiration, Assessment and Grading of COC’S

The follicular fluid containing the COC’s was collected by puncturing the follicles using a 

sterilized 18G x l'/i needle (1.20x40mm). The needle was attached to a 20ml plastic disposable 

syringe with a plastic plunger containing TALP -Hepes media.The follicular fluid from different 

follicle group sizes was collected separately into sterilized centrifuge tubes warmed to 38.5°C and 

then left to stand in a water bath at 38.5°C for the COC’s to settle down.

23

♦



The settling down period varied for different follicle group sizes. Follicular fluid containing 

group 3 COC was left to stand in the water bath for 10-15 minutes while those containing group 2 

COC’S stood in the water bath for 30 minutes. Follicular fluid containing group 1 COC’S was 

left to stand for up to 1 hour. This variation was purely logistical because selection of COC’s 

from the aspirated follicular fluid begun with group 3 as follicular fluids arising from large 

follicles gels with time making selection of COC’s a difficult task Again, this task was done for 

group 3, then group 2 and lastly groupl follicle COC’s.

After the settling period, the supernatant was discarded and the follicular fluid re-suspended in 

TALP Hepes media. Subsequently the fluid containing the COC’s was emptied into Sterilin 

plates (Beckton Dickson USA) for selection of COC’s using a D1000 Gilson pipette fitted with a 

lOOOpl tip. Using D20 Gilson pipette fitted with 10 pi tips, the COC’s were then individually 

picked up from the follicular fluid under a stereo scopic microscope into another Sterilin plate 

containing the TALP-Hepes media. The COC’s were then selected, graded and grouped. Grading 

was performed according to the methods of De Loos et al., (1989) with modification from 

Tamasia et al., (2003). In summary grade A COC’s corresponds to intact immature COCs with 

three or more layers of dense cumulus cells and homogeneous cytoplasm while Grade B COCs 

had fewer layers of compact cumulus investment with homogeneous cytoplasm. The discarded 

COC’s were those with a heterogeneous cytoplasm or those with a homogenous cytoplasm but 

with little or no cumulus cell cover.
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4.6 Brilliant Cresyl Blue Staining

Staining with Brilliant Cresyl Blue (BCB) was done for the compact COC’s of grade A and B 

from follicle group sizes 1, 2 and 3. The selected COC’s were washed twice in TALP-Hepes 

media and then put in an ependoff tube containing 500ul of modified Dulbecco’s phosphate 

buffered saline containing 26 mM of BCB stain. The COC’s were exposed to BCB stain for 60 

minutes at 38.5 °C in a water bath (Aim et al., 2005).

After the lhr BCB exposure period, the COC’s were transferred to modified Dulbecco’s 

phosphate buffered saline and washed twice before being examined under a stereo microscope. 

During this examination, COC’s were divided into two groups according their cytoplasm 

coloration and counted. BCB positive oocytes were the ones with any degree of blue cytoplasmic 

coloration while BCB negative oocytes were those without blue coloration in the cytoplasm. The 

COC’s were then transferred to TALP hepes media and washed twice before being placed into 

maturation media for in vitro maturation procedure.

4.7 In  v itro  Maturation (TVM)

Only Grade A and grade B COC’s were used for this procedure. Before IVM the COC’s were 

washed two times with TALP hepes media and once in Tissue culture medium (TCM) that was 

supplemented with 10% Fetal calf serum (FCS), and lul/ml each of Follicle stimulating hormone
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(FSH), Luteinizing Hormone (LH) and Estradiol. The COC’s were then placed in a sterile 

maturation Nunc plate containing 400ul of a pre-prepared TCM that was warmed at 38.8°C in an 

incubator overnight or at least two hours prior to incubation. During IVM, high levels of hygiene 

and an incubation temperature of 38.8°C at 5% CO2 were maintained. Oocytes were left in the 

incubator for 22-24hrs to mature.

4.8 Semen Preparation

One superior bull’s from the Central Artificial Insemination Station in Kenya (CAIS JE 684 

FAME) semen was selected and used for this study based on successful pilot testing in the IVEP 

process. One straw of frozen semen was used during the IVF process. The straw was picked, 

waved in the air for about 10 seconds and thawed in a water bath at 38.5°C for 30 seconds. The 

straw was then disinfected with 70% alcohol and wiped dry. The ends of the straw were then cut 

using a pair of sterilised scissors and the semen contents released into an ependoff tube.

A drop of the semen was placed on a pre-warmed glass slide and evaluated microscopically for 

vigour and motility. Only semen that attained above 50% motility was used. 0.25 ml of the semen 

was gently released at an angle of 45° at the bottom of the 10ml sterile centrifuge tube containing 

1.0 ml of swim up -TALP (SPTL) medium as shown in figure 2. As described by Parrish et al., 

(1986), the swim up was done in a Carbon Dioxide (CO2) buffered incubator for 60 minutes at 

38.5°C to allow vital sperm to swim up and undergo capacitation. Approximately 0.8 ml of the
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supernatant (the SPTL medium with vital sperm), was collected in an eppendorf tube and 

centrifuged at 10,000 rotations per minute for 5 minutes at room temperature.

Plate 2: Swim Up technique after layering 0.25ml of semen at the bottom

The supernatant was then discarded and the sperm cell pellet located at the bottom of the tube re

suspended with lOOul of fertilization (Fert-TALP) medium.

Concentration of the sperm was determined by use of a Neuber chamber; 5 pi of the final semen 

preparation was mixed with 95 pi of water to achieve a 1:20 dilution. This ensured that the sperm 

was killed for ease of counting under a microscope. A drop was put on both sides of Neuber 

chamber and the numbers of sperm cells on both fields of the Neuber chamber counted under a 

microscope. The total number of sperm cells counted was used to determine the spermatozoa 

concentration in 1 ml of semen.

It is estimated that using a dilution of 1:20 in Neuber chamber concentration estimation, a final 

concentration of 1 X 106 sperm cells per ml can be obtained by using semen volume equivalent to
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the volume of IVF droplet divided by the number of counted cells after taking into account the % 

post-thaw motility. This is in accordance with procedures done by Carmago et al., (2006). Thus;-

volum e o f  IVF drop let
Volume of semen = —------- -— —------------ —------------------------------------------

r/no  o f  cells coun ted \ v   ̂ ,[I------------ jq------------ IX % post Sw im  up m o tility ]

The calculated final volume of semen was then drawn and added to a droplet o f IVF to be part of 

the final lOOul IVF droplet.

4.9 In  v itro  Fertilization (IVF)

After 22-24hours of maturation, COC’s were examined and judged on the basis of their cumulus 

expansion. COC’s with full expansion of cumulus cells were considered mature and the number 

of matured COC’s were counted and recorded.

The matured oocytes were then washed twice with TALP-hepes media and one time with Fert - 

TALP medium. 15-30 matured COC’s in 20ul volume were then transferred into a prior prepared 

IVF droplet of Fert-Talp media. The semen concentration was adjusted to contain 1 X 106 sperm 

per ml and the determined volume of semen picked up and added to this droplet. The droplet 

volume was then topped up to lOOul using Fert- Talp media. The droplets containing mature 

oocytes and capacitated sperms were then cultured in an incubator at 38.8°C at 5% C 0 2 for a 

period of 18- to 22 hrs.
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4.10 In vitro  Culture, Cleavage and Blastocyst Rate Assessment

After 18-22 hours of incubation, the fertilized zygotes were transferred into a Petri-dish 

containing TALP-hepes medium. The zygotes were then washed two times in TALP-hepes media 

and one time in CR2aa culture medium (Moore and Bondoli 1993, Wilkinson, 1996). The 

zygotes were then co-cultured with their cumulus in lOOul droplets of the semi-defined CR2aa 

culture medium covered with a film of oil for 72 hrs in an incubator at an atmosphere of 5% COj 

at 38.8°C and 95% humidity.

After 72hrs of culture, half of the medium (50ul) was drawn out and replaced with a fresh CR2aa 

culture media. The cleavage was assessed at this point by counting and recording the number of 

cleaved cells at either 2, 4-7, or >8 cell-stages as shown in figure 3.

Plate 3: An in vitro culture droplet showing cleaved zygotes.
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Cleavage rate was calculated as a percentage of the proportion of divided cells from the oocytes 

placed into the culture medium. Blastocyst formation was assessed at day 7, 8, and 10, post

fertilization, and recorded as either in early blastocyst (EB), blastocyst (B), expanded blastocyst 

(EXB) or hatched blastocyst (HB) stages. The blastocyst rate was calculated as the proportion of 

blastocyst formed from the total number of cleaved cells in the culture media.

4.11 Experimental Design

In order to fulfil the objectives of the study three experiments were designed and carried out.

4 .11.1 Experiment 1: To assess the effect of follicle size on the grade of aspirated cumulus 

oocyte complex in the Boran cow

This objective sought to establish how follicles were distributed among the various group follicle 

sizes and how follicle size of origin influenced grade of the aspirated COC.

In this experiment all ovaries were assessed for visible follicles. The follicles were measured, 

counted and grouped into three categories, according to their respective sizes. Then the COC’s 

falling into the various group categories were aspirated separately from each of the group follicle 

size. For experiment 1 and 3, 170 ovaries were sampled from 85 Boran cows and a total of 1628 

COC’s were studied.
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4.11.2 Experiment 2: To investigate the effect of follicle size of origin and COC grade on 

oocyte developmental competence as determined by BCB staining

This experiment assessed the effect of follicle size and COC grade on the level of oocyte 

developmental competence using the Brilliant Cresyl blue stain. In this experiment, 138 ovaries 

sampled from 69 Boran cows were used. A total of 1030 COC’s were used. After 1 hour exposure 

to BCB staining, all the oocytes from each group were assessed and then sorted out as either BCB 

positive (competent oocytes) or BCB negative (incompetent oocytes). The numbers of COC’s for 

each outcome were counted and recorded.

4.11.3 Experiment 3: To investigate the relationship between follicular size and COC 

morphological grade on in vitro developmental competence as assessed by the rates 

of maturation, cleavage and blastocyst development in Boran cattle

This experiment was designed to investigate the relationship, if any, between follicular size and 

COC morphological grade on actual in vitro embryo developmental competence when assessed 

using rates of in vitro maturation, cleavage and blastocyst development.

For this experiment 1355 grades A and B were used. All the oocytes that fell in groups 1, 2 and 3 

and were of similar grades were mixed and run through the in-vitro embryo production 

procedures. After the IVM, IVF and IVC procedures the respective number of oocytes matured, 

zygotes cleaved and blastocyst formed were counted and recorded.
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4.12 Data: Description, Collection, Entry and Analysis

The overall minimum sample size (n) for the animals was determined as 384 follicles as 

determined by the formula:-

n= t 2 a  p q = 384

Where n= sample size, 
t= confidence interval = 1.96, 
a  = error, p = proportion 0.5, 
q = l-p  0.5,
L = precision = 0.05.

Data collected from the abattoir each day was entered into an abattoir collection form and later 

transferred to a Microsoft Excel sheet. From the abattoir, information of the donor cow body 

condition score, pregnancy status, age and general condition was noted and recorded. In the 

laboratory the number of ovaries used and the number of follicles from each group was counted 

and recorded in an Excel data sheet. For the IVEP process the number of COC in each procedure 

were recorded in a daily summary sheet (appendix 4) and later transferred to a Microsoft Excel 

sheet.

Data analysis was done using chi square in SAS ® 9.1(2008) statistical package.

Statistical analysis for differences/similarities between the observed and expected frequencies for 

three experiments from the 3 group sizes were tested using chi square test a 5% level of
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significance.

The equation below was used to calculate the Chi' square value

x2=x; (Oi -  EiY

Where
X2 = the test statistic.
Oi = the observed frequencies for follicles within the various follicle group sizes;
Ej -  the expected (theoretical) frequencies for follicles within the various follicle group 
sizes; *
n = the number of outcomes of each event.

For experiment 1 since the expected frequency distribution of follicles had already been 

determined as 60% for group 1, 30% for group 2 and 10% for group 3(Carolan et al., 1996), and 

based on the laboratory data any ovary in cow is expected to have an average of 11 follicles. 

However for the other experiments the expected frequency for the COC’s , the BCB competence 

rate , maturation, cleavage and blastocyst rates were calculated from the formula below:-

T T

T

Where Ey is the expected frequency for cell i,j, Tj is the total I th row, Tj is the total for the j th 

column, and T is the total number of observations.
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C H A P T E R  5

5 Results and Discussion

5.1 Basic Data

Data was collected on the donor cows and results obtained in the laboratory at various levels. 

Table 1 and 2 show a summary of the raw data collected.

Table 1: Summary of data from Experiment 1 and 3; the In Vitro Embryo Production 
process*

Fo llic le  S ize  g ro u p G rad e A sp ira te d M a tu re d C le a v e d B la sto cy st

1 -3  m m A 393 36 8 180 21

1 -3  m m B 394 341 160 38

1 -3  m m D iscard s** 151 - - -

> 3  -6  m m A 226 213 121 36

> 3  -6  m m B 196 167 120 42

> 3  -6  m m D iscard s** 97 - - -

> 6  m m A 85 81 71 24

> 6  m m B 61 56 44 7

> 6  m m D iscard s** 25 - - -

*For the IVEP experiments, 11 runs were carried out with each run signifying a different week.
** The discards were removed from the study after the aspiration stage.

Table 2: Summary of data from Experiment 2: Brilliant Cresyl Blue stained Cumulus 
oocyte complexes

Fo llic le  S ize  g ro u p

B C B  + B C B -

G ra d e  A G ra d e  B G ra d e  A G ra d e  B

1 -3  m m 1 8 1 2 6 5 65 1 0 0

> 3  -6  m m 1 1 6 1 2 0 20 53

> 6  m m 52 45 2 11
’'F o r  th e  B C H  e x p e r im e n ts  10 ru n s  w e re  d o n e  e ac h  ru n  re p re sen tin g  d iffe re n t w eek
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5.1.1 Donor Cows

The body condition scores (BCS) of the sampled animals ranged from 1 to 5. Seventy four 

percent (120/163) of the cows had BCS of 1.5 -  2.5 as shown in Figure 4. Forty two percent of 

the cows from which oocytes were collected were pregnant at different stages of gestation.

90

80

70
co 60
1n 50

to 40
b
s? 30

20

10

0
1 1.5 2 2.5 3 3.5 4 4.5 5

Body condition score

Figure 1: Percentage distribution of body condition scores of the sampled animals 

5.1.2 Ovaries

A total of 163 cows were sampled from the abattoirs and 326 ovaries were collected from them. 

Only 308 ovaries contained follicles and thus used for the study. Thus, 94.5% (308/326) of the 

ovaries sampled were active (had follicles in them). Some ovaries were discarded on the basis of 

absence of follicles and presence of cysts.
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As shown in Figure 5, any sampled ovary contained groups of different sized follicles.

Plate4: A sample ovary o f an ovary collected from the slaughterhouse with different sized 
follicles. A 20 shilling coin was used to show the relative size o f the ovary

The average size of any sampled ovary was 1.6cm by 1,9cm by 0.9; the smallest measured 0.8cm 

by 1.2 cm by 0.4 while the largest was 2.5 by 3.8 by 1.6 cm in size.

5.1.3 Discussion of the Basic Data

An average BCS of between 1.5 and 2.5 for the slaughtered Boran cows was reported in this 

study. Some authors recommend ovaries be collected from donor cows of superior body 

condition score than 2.0 (Dunne et al. 1999). This is not disputable but results of this study 

demonstrate that Boran cows with a body condition of 1.5 -  4.5 were able to produce competent 

COC’s and viable embryos.
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It has been demonstrated in ovum pick up in Bos taurus that heifer cows fed on low or high 

energy diets showed differences in numbers of follicles and COC’s aspirated, and cleavage and 

blastocyst rates obtained (Nolan et al., 1998). Also, heifers fed on hay for a short period of time 

yielded more fertilized oocytes than heifers fed on silage although no difference was observed 

between the two groups for in vitro blastocyst production (Yaakub et al., 1999). In order to 

produce optimal results in IVEP for the Boran breed, studies are necessary to shed more light on 

influence of nutrients and BCS of the cow on its embryo production in vitro.

All ovaries collected were put together in a common thermos flask and also COC’s aspirated 

from similar group follicle size and grades were mixed together. Since the focus of this study was 

on effects o f follicle size and grades of the COC’s on in vitro embryo competence, there was no 

need to match oocytes aspirated to a particular donor cow. Thus the results of study can not be 

used to comment on effect of BCS of the cow on the grade of COC and or number of oocytes 

aspirated. However it is recommended that further investigation to elucidate on this important 

issue for the Boran breed.

The development of normal embryos with the capacity to develop into viable off-springs to term 

requires contribution from both the oocyte and spermatozoa. Both parental components influence 

the characteristics of the newly formed embryo; however, the cytoplasm of the early embryo is 

composed almost entirely of the cytoplasm from the oocyte (Tamasia et al., 2003). As an 

important female contribution to embryonic development, the ooplasm contains elements
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necessary for early embryonic development and an intrinsic cytoplasmic program that regulates 

early embryonic development. The female contribution from the donor cow is therefore of utmost 

importance and careful selection is required when recruiting donor animals. Donor cow selection 

should consider their nutritional status.

5.2 Experiment 1: Assessment of how the size of follicle influenced the grade 

of aspirated cumulus oocyte complex in the Boran cow

This experiment tested the distribution of follicles from different sizes and to asses the 

differences/similarities in numbers of follicles appearing in the different group follicle sizes and 

also to test if there was any association between the follicle size and the grade o f the COCs 

aspirated. Table 3 shows the distribution of follicles as counted within follicle group sizes; group 

1 (measured 1-3 mm), group 2 (3-6 mm) and group 3 (>6 mm) in diameter.

Table 3: Percentage distribution of follicles obtained from the various follicle group sizes

F o llic le  S iz e N u m b e r  o f  f o l l i c l e s P e r c e n t %

1 -3  m m 1 1 3 2 5 8 .7

> 3  -6  m m 5 7 5 2 9 .8

> 6  m m 2 2 2 1 1 .5
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Proportionately, follicles of group 1 were more than group 2 and 3 while group 3 had the least 

number of follicles. However from the above table, the calculated %2 value was P > 0.05 

indicating no association between the follicle size and the COC’s. Thus the null hypothesis is 

accepted. More follicles were counted from group of 1 -3 mm diameter size, followed by group 

of 3-6 mm diameter size and least from group of over 6 mm diameter sizes. This observation was 

the same for the number of COC’s counted.

Table 4 shows the frequency distribution of COC’s grades within the various follicle group sizes. 

More COC’s for each of grade A and B were obtained from group 1 follicles (1-3 mm in 

diameter), followed by group 2 follicles while group 3 follicles had the least number.

Table 4: Percentage frequency distribution for the aspirated Cumulus oocyte complex 
(COC’S) grades obtained from 3 different follicle size groups

Fo llic le  S ize  g ro u p

C O C 'S  (% )

G ra d e  A G ra d e  B D isca rd s

1-3 mm 24.14 24.2 9.28
>3 -6 mm 13.88 12.04 5.96
>6 mm 5.22 3.75 1.54

A x2 value of 6.312 and a probability of 0.1770 was reported thus the null hypothesis was 

accepted. This signifies that there is no relationship between the follicle size and the grade of



COC aspirated. This observation corresponds with previous studies carried out by Lonegran 

(1994), where in the Bos taurus cows, although more grade A COC from follicles larger than 6 

mm in diameter were aspirated as compared to those measuring 2-6 mm in diameter, no 

significant differences were observed for grade A and B COC’s. Carolan (1996) also showed a 

follicle distribution of 59%, 25%, and 16% from follicles that were less than 6 mm, between 6 

and 8mm, and greater than 8 mm in diameter, respectively. This is in agreement with the results 

obtained in this study.

No previous studies have been done for Boran cows on this aspect. The differences in numbers 

reported here were expected because small-sized follicles appear as cohorts of higher numbers 

during recruitment or selection phases of folliculogenesis. By the time the follicle is over 6 mm in 

diameter, it has entered the dominant phase of folliculogenesis while many other smaller follicles 

would have undergone atresia, making the numbers of follicles >6 mm in diameters to be 

significantly lower. More COC’s were from group 1 follicles than for group 2 and also for group 3 

follicles. This was expected because each follicle contains one COC. Thus, the pattern for 

distribution of the number of follicles and COC’s would be similar. However, some o f the COC’s 

would be naturally lost during aspiration processes. At any one given time, ovarian 

folliculogenesis in a cow can be at recruitment, selection or dominance phases of development 

(Binelli et al., 2006, Viana and Carmago, 2007). It is known that different breeds of cattle exhibit 

variability in follicular dynamics, particularly on the number of follicular waves and follicles for
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each wave (Mermillod et al., 1999, Martinez et al., 2004; Moore and Thatcher, 2006). For the 

Boran, it was not possible within this study to elucidate on number of follicular waves but it was 

clear that follicles aspirated were at different phases of development.

This study reveals that the grade of the aspirated COC’s did not significantly depend on the size 

of follicle from which it originated (P > 0.05). Although both grade A and B COC’s can be 

obtained from the three groups of follicles, the larger the follicle size the more grade A COC 

were aspirated. Lonegran (1994) reported that in Bos taurus cows significantly more COC’s with 

4 or 5 layers of cumulus cells (grade A) were obtained from the follicles of 2-6 mm diameter 

sizes. This study shows that in the Boran cow’s follicles as small as 1mm in diameter can produce 

both grade A and B COC’s. All the group sizes can harbor active follicles capable o f yielding 

both grade A and B COCs. It has been shown previously for other breeds that grade A and B 

COC’s are similarly good in all in vitro attributes (Rocha et al.,, 1998; Wiltbank et al.,, 2002; 

Senger, 2003; Martinez et al.,, 2004; Moore and Thatcher, 2006).

The efficiency in the recovery of good grade of COC from follicles has been shown to highly 

influence the output of in vitro production system (Boland and Roche, 1993). The number of 

good grade o f COC’s aspirated from an ovary of a cow can be influenced amongst other factors 

by influence of age o f the animals used as donors (Driancourt and Avdi, 1993), plane of nutrition
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of donor (Abecia et al., 1997, O’Callaghan et al., 2000), reproductive status of donor (season, 

postpartum) (Boland and Roche 1978, Driancourt and Avdi, 1993, Mitchell et al., 2002, 

Gonzalez-Bulnes et al., 2003) and the technique of the aspirating personnel (Carmago et al., 

2006). COC’s of grade C is usually of low quality and mostly not used for in vitro work. As for 

other previous authors, this study demonstrates that the numbers of such grade were lower than 

for grade A and B COC’s (Boland and Rochae 1993; Carmago et al., 2006).

Like in other Zebu breeds (Viana et al., 2000), the Boran cow had smaller ovaries with an 

average of 1.6 cm by 1.9 cm by 0.9 when compared to Bos taurus breeds (Hendriksen et al., 

2000, Lequarre et al., 2005). From this study the small ovaries of the Boran cow seems to be very 

active and also harbouring good COC’s. However, for this breed more studies are needed to 

provide further information on follicular dynamics in relation to follicle size as well as oocytes.

5.3 Experiment 2: Effect of Follicle size and COC grade on oocyte 

developmental competence as assessed by BCB staining

This experiment tested if the oocyte developmental competence was influenced by the follicle 

size and grade of COC, when assessed using BCB staining. This criterion assesses oocytes 

competence by observing the coloration of oocytes after 1 hr exposure to BCB staining. The 

extent of BCB stain coloration is a measure of the Glucose 6 Phospahte dehydrogenase levels in 

the oocytes and thus the level of cytoplamic/ metabolic maturation of the oocyte. The BCB

42

♦



positive oocytes were judged as competent while BCB negative oocytes were judged as not 

competent.

As shown in Table 5a, more competent COC’s were obtained from group 3 follicles (88.33 % of 

them were BCB positive). On the other hand groups 1 and 2 follicles had oocytes of competence 

rates of 73.09 and 77.33 respectively. Table 5b gives the frequency distribution rate of the 

competent COC’s. Figure 6 shows the comparative competence rate from the 3 follicles size 

groups.

Table 5a: Mean Cumulus Oocyte Competence as evaluated by the Brilliant Cresyl Blue 
(BCB) stain

Follicle size BCB competence (% )

GRADE A GRADEB Group Rate
1-3 mm 73.58 72.60 73.09

>3-6 mm 85.29 69.36 77.33
> 6 mm 96.30 80.36 88.33

Table 5b: Frequency distribution of Cumulus Oocyte Competence as evaluated by the 
Brilliant Cresyl Blue (BCB) stain

Fo llic le  S ize  g ro u p

%  f r e q u e n c y

G rad e  A G rad e  B

1-3  m m 15.38 15.17

> 3  -6  m m 17.97 14.62

> 6  m m 20 .0 7 1 6 .7 9

A x2 value of 8.178 and a probability of 0.0168 were calculated thus the null hypothesis was 

rejected. Overall competence increased with increase in follicle size as shown by the meqan
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competence rate in table 5a. The analysis shows that there was a relationship between the 

competence rate and the follicle size and grade. Both grade A and B COC’s from follicle size 1 

contributed the highest to the overall chi square (2.5941 and 2.9744 respectively). This suggests 

that the effect of the follicle size and grade begins to occur at this level.

BCB staining is an initial method of determining competence of oocytes involved in in vitro 

embryo production. This method is non-invasive and does not interfere with the ability of the 

oocytes to develop in vitro (Aim et al., 2005).This study shows that competence o f the Boran 

COCs significantly improved as the diameter of follicle size increased. In Bos taurus it was 

demonstrated that COC competence was higher in oocytes originating from follicles greater than 

6-8 mm in diameter (Hendriksen et al., 2000, Lequarre et al., 2005). In the Boran this was 

different because this study has demonstrated that one can find oocytes with high competence 

from follicles smaller than 8 mm in diameter. This can be explained by the fact that some 

physiological reproductive parameters differ among cattle breeds, including differences in oocyte 

quality. For instance, Brazilian zebu cattle have been shown to have three or four follicular waves 

with smaller diameter follicles (Viana et al., 2000) when compared to European breeds, which 

have two or three follicular waves of bigger diameter follicles (Boland and Roche, 1993). It is 

also an established fact with European breeds that follicle size is associated with oocyte 

developmental competence (Lequarre et al., 2005) and therefore it was a normal expectation to 

find significant differences in BCB staining for COC’s obtained from different groups of follicle 

for the Boran cows. Nonetheless, this is an important finding for this breed, whose ovaries and
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follicles were observed to be small. However, this study agrees with others in that much as one 

can obtain morphologically good quality COC’s even in small follicles 1-3 mm, larger follicles (> 

6 mm) are the ones likely to have better competence as evidenced by the BCB staining.

5.4 Experiment 3: Effect of follicle size and COC grade on maturation, 
cleavage and blastocyst rate

This experiment was designed to test the actual developmental competence of the COC’s during 

in vitro processes of embryo production. Competence for this purpose was assessed at different 

stages of oocytes and embryo development and this was judged according to the rates of success 

or failure of further development during maturation, cleavage and blastocyst stages of in vitro

procedures. Successful rates of development were used as indicators of COC competence while
/

failure rates of development indicated COC’s were not competent.Table 6a shows the mean rates 

of maturation, cleavage and blastocyst development. This table shows that COC’s from follicles 

larger than 3 mm progressed better than those less than 3 mm. On average the maturation rate 

was 90.95 %,( 1226/1355) the cleavage rate was 60.48% (696/1226) and the blastocyst rate was 

27.55% (168/698) for the COC’s tested. Table 6b shows the frequency distribution for the rate of 

development for COC’s obtained from the various follicle group sizes during maturation, 

cleavage and blastocyst stages.This table shows the COC are distributed at each level of 

evaluation. While there are minimal differences in the maturation rate, differences begin to 

appear with the cleavage rate and are more pronounced in the blastocyst stage. While Figure 7 

shows the comparative rate of development for the 3 different group sizes. This graph also shows
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the progressive development from maturation to blastocyst stage and how these differed with 

different group sizes.

Table 6a: Mean in-vitro developmental rates for the cumulus Ooocyte Complex within 
various follicle group sizes during maturation (MR), cleavage (CR) and blastocyst (BR) 
development

Follicle Size Grade Mean rate of development %

MR CR BR
1-3 mm A 93.75 51.87 12.07
1-3 mm B 87.16 45.29 23.96

>3 -6 mm A 94.16 55.88 29.78
>3 -6 mm B 85.02 67.14 40.95

>6 mm A 94.53 84.87 41.25
>6 mm B 91.37 76.21 19.91

Table 6b: Frequency distribution for in-vitro developmental rates for the cumulus Ooocyte 
Complex within various follicle group sizes during maturation (MR), cleavage (CR) and 
blastocyst (BR) development

™  %  f r e q u e n c y
w V . gldUC W lllllll UIC

F o ll ic le  S iz e
M R C R B R

1-3 mm A 17.17 13.60 7.19
1-3 mm B 15.96 11.88 14.27
>3-6 mm A 17.25 14.66 17.74
>3-6 mm B 15.57 17.61 24.38
>6 mm A 17.31 22.26 24.56
>6 mm B 16.73 19.99 11.86

____________ ____________________ ns PcO.OOOl P<0.0001

♦
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ns -  Not significant

Table 6c shows the results of the chi square analysis of the relationship between the follicle size 

and grade on maturation, cleavage and blastocyst rates.

Table 6c: Results of the Chi square analysis for In vitro developmental rates for the 
cumulus Oocyte Complex within various follicle group sizes during maturation (MR), 
cleavage (CR) and blastocyst (BR) development

Variable Degrees of freedom X2 P
Maturation Rate 2 1.174 0.556

Cleavage rate 2 20.898 <0.0001
Blastocyst rate 2 144.24 <0.0001

For the maturation rate there was no relationship between the follicle size and the rate of 

maturation. However, both the cleavage and blastocyst rate showed a strong relationship between 

the follicle size and both cleavage and blastocyst rates. For both rates follicle size of above 3 mm 

contributed highly to the overall chi square. This may be attributed to increased competence.
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Figure 2: Mean rate o f development for COC's from three different follicle sizes in the Boran
cow

The outputs in an IVEP system are determined by various intrinsic factors, including, among 

others the effect of breed (Bindon et ai, 1986, Nuti et al., 1987, Dufour et al., 2000), influence of 

age of the animals used as donors (Torres et al., 1987, Driancourt and Avdi, 1993), plane of 

nutrition of donors (Abecia et al., 1997, O’Callaghan et al., 2000) and reproductive status of 

donors (season, postpartum) (Boland et al., 1978, Driancourt and Avdi, 1993, Mitchell et al., 

2002, Gonzalez-Bulnes et al., 2003).

With oocytes maturation rate of over 80%, the Boran cow has a good potential for a successful 

IVEP system. Again, although the quality of ovaries collected from the slaughterhouse seemed 

low (majority of the ovaries being derived from animals in poor BCS and of uncertain 

genotypes), the study provides promising basic information to allow for accurate aspiration of 

oocytes from live cows during ovum pick up (OPU) to provide good oocyte numbers to be
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matured per donor per session from animals of top genetics.

This study reports an average cleavage rate of 60.48% for the fertilized COCs for the Boran 

cows. There was a strong relationship between the follicle size, grade and the cleavage rate (P < 

0.0001). The cleavage rate in this study increases as the follicle size increases. The cleavage rate 

obtained for Boran cows was within ranges reported for other breeds (Bindon et al., 1986, Nuti et 

al., 1987, Dufour et al., 2000). Therefore, as previously indicated for other breeds (Dufour et al., 

2000, Merton et al., 2003, Carmago et al., 2006), these results suggest that both grades A and B 

COCs from Boran cows can be selected for use in an in vitro fertilization (IVF).

/
The output of the cleavage is highly dependent on fertilizing capabilities of the semen utilized 

(Camargo et al., 2002; Ward et al., 2002). To obtain such functional spermatozoon it is necessary 

to separate the motile from the dead ones as well as from diluents used to freeze semen. This can 

be performed by different methods, such as swim up and Percoll gradient (density gradient). 

Some studies have shown better results with Percoll (Somfai et al., 2002; Cesari et al., 2006) 

while others did not find any difference (Dode et al., 2002). Recent studies in cattle showed 

higher cleavage and blastocyst rate with swim up method (Polisseni et al., 2007). The results of 

cleavage reported for this study were not influenced by the method of semen processing because 

the study used pretested bull semen already shown to be good in IVEP and the swim up method 

was applied all throughout the study to obtain vital sperms. Semen from one jersey bull was used
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to rule out to bull effect. This semen had been previously pre-tested for success in the IVEP 

system.

Cleavage rate can also be affected by sperm concentration of the semen used during IVF. High 

sperm concentration can increase polyspermy rate without increasing blastocyst rate (Camargo et 

al., 2002; Ward et al., 2002). A previous study found that different bulls may need different 

sperm concentrations (from 0.5 to 4.5 x 106/ml) for in vitro fertilization (Lu and Seidel, 2004) but 

a concentration of lx l0 6 sperms/ ml was used for this study.

An average blastocyst rate of 27.55% was reported for Boran cow in this study. There was a 

strong relationship between the follicle size, grade and the blastocyst rate (P < 0.0001). 

Following the trend from maturation rate to blastocyst rate, there was a progressive increase as 

the size of the follicle increases. Most IVEP setups for other breeds have reported blastocyst rates 

of between 20-40% (Bindon et al., 1986, Nuti et al., 1987, Dufour et al., 2000, Carmago et al., 

2006). These results suggest that the Boran cow has similar blastocyst rate like other Zebu breeds. 

The COCs aspirated from group 3 follicles were significantly more competent than those in group 

1 and 2. Thus it was not unexpected finding that they developed into blastocysts at higher rates 

than those from group 1 and 2. In vitro developmental competence is species-specific and it is 

closely correlated with oocyte size, which in turn is correlated with follicle size and the size of 

the antral follicle at which the oocyte acquires meiotic competence (Mayes 2002). Cleavage and 

blastocyst rates increase in parallel with meiotic competence and significantly higher
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developmental rates have been obtained when the diameter of fertilized oocytes is greater than 

120 pm (Hazeleger et al., 1995).

Some of IVEP output differences for various research groups may be explained by the 

environment where the donors are and whether they are adapted to it. The results obtained by this 

study suggest that it is possible to produce FI embryos using Bos taurus X  Boran (Bos indicus) 

breed with acceptable success rates in IVEP systems. The Boran, being a better adapted breed to 

tropical environment is likely to give better results on FI embryo production.

5.4.1 Progressive evaluation of Blastocysts Development

This attribute was used to test if the follicle size influenced the progress of blastocyst 

development. Blastocyst examination at day 7 of development were either in stages of early 

blastocyst (EB), Blastocyst (B), expanded blastocyst (EXB) or Hatched blastocyst (HB) (Figure. 

8). Depending on the numbers for the various categories observed at day 7 of development, the 

rates o f their appearances were calculated for evaluations.
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Plate 5: Different stages o f a blastocyst: A- Blastocyst (top) Early Blastocyst (bottom) -  B: 
Hatched blastocyst (top) its zona Pellucida (bottom)

Table 7 shows rate of development for various types of blastocysts. Blastocyst from 3-6 mm

group developed to blastocyst and expanded blastocyst faster than the 1 -3 mm group. Group 3A

oocytes developed into blastocysts at a faster rate when compared to other group oocytes. Group

1 had no hatched blastocyst at day 7 for both grade A and B.

On day 7, which is the ideal day for transfer, oocytes that were from follicles larger than 6 mm 

had a faster rate of development than from the other two groups. Blastocyst from this group 

developed to blastocyst and expanded blastocyst faster than the other two groups. Group one had 

no hatched blastocyst at day 7.
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Table 7: Rate of development for various stages of blastocyst at day 7

C O C  g r a d e  w it h in  th e  

F o ll ic le  S iz e
E m b r y o  d e v e lo p m e n t  (% )

E B B E X B H B

1-3 mm A 56 .2 5 25 .0 0 18.75 0.00

1-3 mm B 67 .8 6 14 .2 9 17.86 0.00

>3-6 mm A 26 .4 7 4 7 .0 6 26 .4 7 0.00

>3-6 mm B 25 .0 0 50 .0 0 17.86 7.14

>6 mm A 0 .0 0 4 2 .8 6 50 .0 0 7.14

>6 mm B 6 6 .6 6 1 6 .1 6 0 1 6 .1 6
EB early blastocyst 
B blastocyst 
EXB expanded blastocyst 
HB hatched blastocyst

Blastocyst from 3-6 mm group developed to blastocyst and expanded blastocyst faster than the 1- 

3 mm group. None of the grade A or B COC’s demonstrated constantly higher or lower rates of 

development throughout maturation, cleavage and blastocyst formation stages. This means this 

study cannot suggest that oocytes from any group size would do better than the others in any 

stage of development. This agrees with previous studies that suggest equal chances of 

developmental competence for grade A and B oocytes and further development after maturation 

is affected by many other factors (Hazeleger et al., 1995). In summary, like for other breeds, the 

IVEP reproductive biotechnologies can be exploited to produce Boran FI embryos. Thus, this 

technique has great potential to multiply genotypes.
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CHAPTER 6

6 Conclusions and Recommendations

This study shows that in vitro production of embryos for the Boran cow in Kenya is technically 

feasible and that the Boran would be a good cow for ova harvesting. Unlike the Bos taurus, in the 

Boran, follicles as small has 1-3 mm can be utilized for IVEP processes. By the time the follicle 

size is about 6 mm in this species, the oocyte competence is fully attained. This study has set up 

baseline information for enhanced utilization of the Boran cow as oocyte donors. The following 

conclusions can be drawn from this study:-

• There was no relationship between the follicle size and grade of COC aspirated and 

between the follicle size, grade and the rate of maturation of the COC’s from Boran cows.

• Follicles of sizes between 1-3 mm produce COC’s that have the ability to develop to the 

blastocyst stage. However, embryos that developed from follicles greater than 6 mm had a 

faster rate of development than those that arose from follicles less than 6 mm in size.

• There was a strong relationship between follicle size and grade and the rates o f BCB 

competence, cleavage and blastocyst rates.

From this study several aspects of the Boran cow remain unknown. In particular, follicular wave 

development and nutritional status of the cow on embryo development need further study.
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8 Appendices

Appendix 1: List of materials and equipments used

Equipments

• Gilson pipettes D 100, D 200 and D 20 DIO ( Pipettman, France)

• Stereo scopic microscope ( Wild, Switzerland)

• S.E Inverted Microscope ( Nikon, Japan )

• Stage warmer ( Lee, Australia)

• Water bath ( Kotterman Germany)

• Refrigerator (LG, Japan)

• Laminar flow hood ( Baker group, USA)

• Weighing balance ( Kern, Germany)

• PH meter ( Thermo Scientific, USA)

• Osmometer (Thermo Scientific, USA)

• Eppendorf Centrifuge (Eppendorf, Germany)

• C02 incubator ( Herra Cell) and

• Magnetic Stirrer ( Stuart, Britain)
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Materials

• Pipette tips D1000, D200, D20 DIO ( Eppendorf, Germany)

• Sterlin plates ( Becton & Dickson USA),

• Sodium chloride (Alanar, England )

• Potassium chloride (Sigma Aldrich, Germany )

• Sodium hydrogen carbonate (Alanar, England )

• Sodium hydrogen phosphate(Sigma Aldrich, Germany )

• Soduim pyruvate (Sigma Aldrich, Germany )

• Sodium lactate (Sigma Aldrich, Germany )

• Caffeine benzoate(Sigma Aldrich, Germany )

• Phenol Red(Sigma Aldrich, Germany )

• Calcium chloride(Sigma Aldrich, Germany )

• Magnesium chloride(Sigma Aldrich, Germany )

• Hepes(Sigma Aldrich, Germany )

• Glycine (Alanar, England )

• Alanine (Sigma Aldrich, Germany )

• Calcium L lactate Heparin (Sigma Aldrich, Germany )

• Gentamycin ( Prepared in the lab)

• Bovine serum albumin (Sigma Aldrich, Germany )

• Medium 199 (Sigma Aldrich, Germany )

• Penicillamine(Sigma Aldrich,Germany )



• Hypo taurine (Sigma Aldrich,Germany )

• Epinephrine (Sigma Aldrich,Germany )

• Dulbecos Phosphate buffered saline ( prepared in the lab)

• Non essential amino acids ( Gibco USA)

• Essential amino acids ( Gibco USA)

• Glutamine( Gibco USA)

• Sterile Water ( prepared in the lab)

• Fetal calf serum (Sigma Aldrich,Germany )
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Appendix 2: Media Used for embryo production

1. Maturation media: IVM: TCM Ready to use preparation

Maturation Medium (Parker based) (10ml) 25ml

Sodium pyruvate 113.6 pi 284pl

Gentamycin 0.1 ml 0.25ml

Medium 199 (Ref. M4530) 9 ml 22.5ml

FCS 1ml 2.5ml

FSH (lpl/ml) 10 pi 25 pi

LH (lpl/ml) 10 pi 25 pi

Estradiol (1 pl/ml) 10 pi 25 pi

Osmolarity mOsm) 275 -  290, pH 7.2

i f >
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2. Fertilization, Swim up and Talp hepes( wash) Media

Stocks

FERT. TALP FERT. TALP. SPTL SPTL TALP
HEPES

NaCl 0.1636 g 0.3272 g 0.146g 0.292 g 0.7304g

KC1 0.00595g 0.0119g 0.00595g 0.0119 g 0.0238g

NaH2P 0 4.H20 50 pi 100 pi 50 pi 100 pi 200pl

Na lactate (60%) 
syrup

46.5 pi 93 pi 92.3pl 184.6 pi 186.8pl

NaHC03 0.0525g 0.105g 0.105 g 0.105 g 0.0168

Phenol red (1%) 25 pi 50 pi 25 pi 50 pi lOOpl

Cafein 0.00675g 0.0135g 0.0025 g 0.005 g -

CaCl2 ,2H20 . 0.00735g 0.0147g 0.00735g 0.0147 g 0.0294

Mg Cl2 . 6H20 32 pi 64 pi 67.5 pi 135 pi 127pl

Hepes 0.05955g 0.1191 g 0.05955g 0.1191 g 0.239

Tridest. Water 
qsp

25ml 50 ml 25ml 50 ml 100 ml

PH 7.3 - 7.4 7.3 - 7.4 7.3 - 7.4 7.3 - 7.4 7.3 - 7.4

Osmolarity
(mOsm)

280 -  295 2 8 0 -2 9 5 285 - 300 285 - 300 275 - 285

Expiration 1 week 1 week 1 week 1 week 2 weeks
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Wash recipients 3 times with Milli -Q  water 

Measure and correct pH; Measure osmolarity; 

Filter with 0.2 pi size membrane;

Keep in vials into the fridge for one week.

Ready-to-use media

FERT. TALP. SPTL TALP HEPES

BSA FAF 0.06 g 0.06 g 0.15 g

Na Pyruvate 100 pi 500 pi 500 pi

Gentamycin 100 pi 100 pi 500 pi

PHE 10 pi - -

Stock media 10 ml 10 ml 50 ml

Heparin 1 aliquot (lOpl) 1 aliquot

PH

001■'T 7 .4 -7 .5 7 .4 -7 .5

Measured and corrected pH;
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3. Culture Media: CR2 ()smolilri,y (m0sm) 255 (26 0 )-2 6 5  (270)

Item CR2 stock (25 ml) mM

NaCl 0.15778 g 108.0

KCL 0.00559 g 3.0

NaHCC>3 (Na bicarbonate) 0.055 g 26.0

Glycine (G6388-Sigma) 0.01876 g 10.0

Alanine (A3534 -  Sigma) 0.00223 g 1.0

Glutamax 250 pi 1.0

Calcium-lactate (L4388 -  Sigma) 0.01364 g 4.3

Milli-Q water q.s.p. 25 ml Filtered and kept in the 
fridge

Ready-to-use solution Osmolarity 
(mOsm) 255 (260) -  265 (270)

10 ml 20 ml

Na pyruvate stock 182 pi (0.36 mm) 364 pi

Penicillin / streptomycin stock 10 pi 20 pi

BSA 0.03 g 0.06 g

(X 100) MEM (M7145 -  Sigma)essential 
amino Acids

100 pi 200 pi

(x50) BME (B6766 -  Sigma) non 
essential amino Acids

200 pi 400 pi

CR2 stock 10 ml 20 ml

FCS (10%) 1 ml 2 ml
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Appendix 3; Abattoir collection form

abattoir date .... /  .... /09
Collected by
general comment

CODES breed
sex SEA=small East African Zebu 

B-
B=bull Boran

C=cow S- Sahiwal 
S=steer BC-beef cross 

H-holstein 
Ay- aryshire

comments

Z=Zebu
G-
guensey 
J-Jersey 
DC-dairy cross

Age

H = heifer

M=middle aged 
0  = old 
- = don't know

1 C cull

D damaged in 
transit?

E emaciated

F fine looking 
animal

2 I injured
L lactacting
M moribund
P pregnant

3 S sick looking
T ticks++

Sex Breed BCS Age comment code origin

1
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Appendix 4: Laboratory summary sheet

EXPERIMENT: 
Batch /Date:
• IVM
Beginning of ovary collection (h): 
No. ovaries:
No. oocytes to IVM:
No. oocytes/ovary:
Person in charge:

Arrival temperature: 
Beginning of aspiration: 
Beginning of IVM:
End of IVM:
Duration of IVM:

• IVF
Bull (Breed/ No.):
Motility post-thawing: 
Motility post-swim up: 
Motility post-centrifugation: 
Beginning of IVF:
End of IVF:
Duration:
Person in charge:

Beginning of swim-up/(Percoll): 
End of swim-up (h): 
Centrifugation force (RPM): 
Sperm concentration post-centrif: 
Sperm concentration in IVF drop: 
No. oocytes in IVF drop:
Volume of IVF drop:
Motility post-IVF:

• IVC 
Wash medium: 
Beginning of IVC: 
Cleavage rate (%): 
Transferd

Culture medium (date/batch): 
Volume IVC:
Blastocyst rate (%):
Frozen

Day/hour: Day/hour: Day/hour: Day/hour:

Plate
No No. cells 7° 8° 10°

Ooc. 2 4-7 > 8 EB1 B1 ExBl HB1 Bl ExBl HB1 ExBl HB1
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Appendix 5: Statistical Analysis

A. Effect of size on grade of COC

FSIZE(FSIZE) GRADE(GRADE)
Frequency | 
Expected | 
Cell Chi-Square|
Percent |Grade A |Grade B |Discard | Total
1-3 mm 1 393 1 394 1 151 | 938

1 405.62 | 375.08 | 157.29 |
1 0.3927 | 0.9539 | 0.2518 |
| 24.14 | 24.20 | 9.28 | 57.62

2-6 mm 1 226 1 196 1 97 | 519
| 224.43 | 207.54 | 87.031 |
1 0.0109 | 0.6413 | 1.1418 |
1 13.88 | 12.04 | 5.96 | 31.88

>6 mm 1 85 1 61 1 25 | 171
1 73.946 | 68.379 | 28.675 |
1 1.6525 | 0.7963 | 0.471 |
1 5.22 | 3.75 | 1.54 | 10.50

Total 704 651 273 1628
43.24 39.99 16.77 100.00

Statistics for Table of FSIZE by GRADE
Statistic DF Value Prob
Chi-Square 4 6.3122 0.1770
Likelihood Ratio Chi-Square 4 6.2502 0.1812
Mantel-Haenszel Chi-Square 1 1.1182 0.2903
Phi Coefficient 0.0623
Contingency Coefficient 0.0621
Cramer 1s V 0.0440

Sample Size - 1628
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B. Determination using BCB, effect of follicle size on COC competence

OBJECTIVE 2 - EFFECT OF FOLLICLE SIZE AND COC GRADE ON BCB COMPETENCE
The FREQ Procedure Table of FSIZE by GRADE

FSIZE(FSIZE) GRADE(GRADE)
Frequency I
Expected I
Cell Chi-Square|
Percent I
Row Pet I
Col Pet |Grade A |Grade B | Total
------------------------- +--------------+--------------+
1-3 iron | 735.8 I 726 I 1461.8

| 780.81 | 680.99 I
| 2.5941 | 2.9744 |
I 15.38 | 15.17 | 30.55
I 50.34 | 49.66 I
I 28.79 | 32.57 |

------------------------- +------------- +--------------+
2-6 mm | 860 I 699.75 I

| 833.12 | 726.63 |
I 0.8669 | 0.994 |
I 17.97 | 14.62 |
I 55.14 | 44.86 |
I 33.65 | 31.39 I

------------------------- +-------------+-------------+
>6 mm | 960.3 | 803.6 |

I 942.17 | 821.73 |
I 0.3489 | 0.4 |
I 20.07 | 16.79 |
| 54.44 | 45.56 |
| 37.57 | 36.05 |

------------------------- +-------------+------------+

1559.7

32.59

1763.9

36.86

Total 2556.1 2229.35 4785.45
53.41 46.59 100.00

Statistics for Table of FSIZE by GRADE
Statistic
Chi-Square
Likelihood Ratio Chi-Square 
Mantel-Haenszel Chi-Square 
Phi Coefficient 
Contingency Coefficient 
Cramer's V

DF Value Prob
2 8.1784 0.0168
2 8.1703 0.0168
1 4.9947 0.0254

0.0413
0.0413
0.0413

Sample Size = 4785.4499855

C. Developmental competence as determined by maturation rate

The FREQ Procedure 
Table of FSIZE by Grade
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FSIZE(FSIZE) Grade(Grade)

Frequency I
Expected I
Cell Chi-Square|
Percent I
Row Pet |
Col Pet |Grade A I Grade B | Total
----------------------+------------ +-----------+
1- 3 mm | 1031.4 | 958.8 | 1990.2

I 1029.5 | 960.63 I
| 0.0033 | 0.0035 |
| 17.17 | 15.96 | 33.14
| 51.82 | 48.18 |
| 33.19 | 33.07 |

------------------------- +-------------- +-------------+
2- 6 mm | 1035.8 | 935.24 | 1971.1

| 1019.7 | 951.42 |
I 0.2567 | 0.2752 |
| 17.25 | 15.57 | 32.82
| 52.55 | 47.45 |
| 33.34 | 32.26 |

------------------------- +-------------- +-------------+
>6 mm | 1039.8 | 1005.1 | 2044.9

| 1057.8 | 987.06 |
| 0.3067 | 0.3287 |
I 17.31 | 16.73 | 34.05
I 50.85 | 49.15 |
| 33.47 | 34.67 |

------------------------- +-------------- +-------------+
Total 3107.02 2899.11 6006.13

51.73 48.27 100.00
The FREQ Procedure

Statistics for Table of FSIZE by Grade
Statistic
Chi-Square
Likelihood Ratio Chi-Square 
Mantel-Haenszel Chi-Square 
Phi Coefficient 
Contingency Coefficient 
Cramer's V

DF Value Prob
2 1.1740 0.5560
2 1.1740 0.5560
1 0.3908 0.5319

0.0140
0.0140
0.0140

Sample Size = 6006.1306538

D. Developmental competence as determined by cleavage rate

OBJECTIVE 4 - EFFECT OF FOLLICLE SIZE AND GRADE ON CLEAVAGE RATE
The FREQ Procedure

Table of FSIZE by Grade
FSIZE(FSIZE) Grade(Grade)
Frequency |
Expected |
Cell Chi-Square|
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Percent I
Row Pet I
Col Pet |Grade A |Grade B I Total

1-3 mm
1
1
1
1
1

| 570.61 
540.01 | 
1.7337 | 
13.60 | 
53.38 | 
26.93 |

| 498.26 
528.86 | 
1.7702 | 
11.88 | 
46.62 | 
24.01 1

| 1068.9 

25.48

2-6 mm | 614.79 | 738.64 | 1353.4
1 683.77 | 669.65 |
1 6.9603 | 7.1071 |
1 14.66 | 17.61 | 32.27
1 45.42 | 54.58 |
1 29.01 | 35.59 |

>6 mm | 933.57 | 838.31 1 1771.9
1 895.18 | 876.7 |
1 1.6464 | 1.6811 |
1 22.26 | 19.99 | 42.25
1 52.69 | 47.31 |
1 44.06 | 40.40 |

Total 2118.97 2075.21 4194.18
50.52 49.48 100.00

OBJECTIVE 4 - EFFECT OF FOLLICLE SIZE AND GRADE ON CLEAVAGE 
The FREQ Procedure

Statistics for Table of FSIZE by Grade

Statistic
Chi-Square
Likelihood Ratio Chi-Square 
Mantel-Haenszel Chi-Square 
Phi Coefficient 
Contingency Coefficient 
Cramer's V

DF Value Prob

2 20.8988 <•0001
2 20.9186 <•0001
1 0.0892

0.0706
0.0704
0.0706

0.7652

Sample Size = 4194.1829412

E. Developmental competence as determined by blastocyst rate

OBJECTIVE 5 - EFFECT OF FOLLICLE SIZE AND GRADE ON BLASTOCYSTS
The FREQ Procedure

Table of FSIZE by Grade
FSIZE(FSIZE) Grade(Grade)
Frequency I
Expected I
Cell Chi-Square|
Percent I
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Row Pet I
Col Pet |Grade A |Grade B I Total-------------------+----------- +---------+
1- 3 mm | 132.87 | 263.65 I 396.52

| 196.23 | 200.29 I
| 20.462 | 20.048 I
| 7.19 | 14.27 | 21.46
| 33.51 I 66.49 I
I 14.53 | 28.25 I

----------------------+-------------+---------- +
2- 6 Iran | 327.64 | 450.47 I 778.11

| 385.08 | 393.03 |
I 8.5673 | 8.3939 |
I 17.74 | 24.38 | 42.12
I 42.11 | 57.89 |
| 35.84 | 48.27 |

------------------------- +--------------- +------------+
>6 iran | 453.75 | 219.02 | 672.76

I 332.94 | 339.82 |
I 43.832 | 42.945 |
I 24.56 | 11.86 | 36.42
I 67.45 | 32.55 |
I 49.63 | 23.47 |-------------------+----------- +---------+

Total 914.257 933.141 1847.4
49.49 50.51 100.00

The FREQ Procedure
Statistics for Table of FSIZE by Grade

Statistic
Chi-Square
Likelihood Ratio Chi-Square 
Mantel-Haenszel Chi-Square 
Phi Coefficient 
Contingency Coefficient 
Cramer's V

DF Value Prob
2 144.2477 <.0001
2 146.8805 <.0001
1 131.9244 <•0001

0.2794
0.2691
0.2794

Sample Size = 1847.3979324
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