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ABSTRACT 

A histological study of mature goat ovaries was carried out at the Animal 
Anatomy and Physiology Laboratory, Faculty of Sustainable Agriculture, Universiti 
Malaysia Sabah (UMS) Sandakan Campus from May 2016 until October 2016. The 
objectives of this study are to identify the quality of follicles in goat ovaries and to find 
out the relationship between the quality of follicles and ovarian state. The animals used 
in this study were 2 adult female goats (doe) with unknown reproductive background 
that have been slaughtered at Hafiz Farm slaughterhouse in Lahad Datu. The ovaries 
were categorized as right, left, corpus luteum (CL) present (CL+) and absent (CL-). 
The categorized ovaries were evaluated physically and histologically by using light 
microscope. The mean weight (g), length (cm), and width (cm) of right ovary was 
distinctly higher [(0.67±0.02)g, (1.16±0.03)cm, (0.75±0.15)cm respectively] than the 
left ovary. On the other hand, the ovary with CL have higher weight and width 
[(0.69)g, (0.9)cm respectively], while the mean length of ovary without CL were found 
higher [(1.15±0.02)cm]. The follicles were categorized into few stages which are the 
primordial, primary, secondary, early antral, antral and preovulatory follicles by 
histological means. From the classification, higher number of primordial, primary and 
secondary follicles [(675.5±619.50), (145.0±81.0) and (53.5±38.50) respectively] was 
found in right ovaries. However, the number of preovulatory follicles counted was 
found higher in left ovary (7.5±5.5) compared to right. From other point of view, total 
number of primordial, primary and secondary follicles observed higher in ovary with CL 
(1295, 226 and 92 respectively) compared to ovary without CL except the preovulatory 
follicles which is higher (5.33±3.84) than with CL (3). From qualitative evaluation, a 
high number of abnormal follicles were found in the right ovaries (58.5±52.5) while 
higher number of normal follicles was found in left ovaries with (60.0±4.0). In respect 
of CL present or absent, higher number of normal and abnormal follicles were found in 
ovary with CL [(51 and 111) respectively] compared to ovaries without CL 
[(43.0±17.16) and (28.67±11.35) respectively]. The present findings revealed that 
right and left ovaries both have a great potentiality to provide good number of oocytes 
for in vitro studies. Considering with the effects of CL on ovaries and low number of 
sample, highest number and normal grade follicle would be collected from ovaries 
without CL. Moreover, this result can be used to collect quality follicles for ooc.yte 
aspiration for IVEP thus creates a great opportunity for conducting further research on 
goat embryo production especially here in Sabah, Malaysia. 
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PENILAIAN KUALITATIF OVARI KAMBING DARIPADA RUMAH SEMBELIH 
SECARA HISTOLOGI 

ABSTRAK 

Medan kajian histologi ovari kambing matang telah dijalankan di Makmal Anatomi dan 
Fisiologi Haiwan, Fakulti Pertanian Lestari, Universiti Malaysia Sabah (UMS) Kampus 
Sandakan dari Mei 2016 sehingga Oktober 2016. Objektif kajian ini adalah untuk 
mengenal pasti kualiti folikel dalam ovari kambing dan untuk mengetahui hubungan 
antara kualiti folikel dan keadaan ovari. Haiwan yang digunakan dalam kajian ini ialah 
2 kambing betina dewasa (doe) dengan latar belakang pembiakan yang tidak diketahui 
yang telah disembelih di rumah sembelih Hafiz Farm di Lahad Datu. Ovari 
dikategorikan sebagai kanan, kiri, corpus luteum (CL) hadir (CL +) dan tidak hadir (Cl- 
). Ovari dikategorikan telah dinilai dari segi fizikal dan histologi dengan menggunakan 
mikroskop cahaya. Min berat badan (g), panjang (cm) dan lebar (cm) ovari kanan 
adalah jelas lebih tinggi [(0.67 ± 0.02) g, (1.16 ± 0.03) cm, (0.75 ± 0.15) cm masing- 
masing] daripada ovari sebelah kiri. Sebaliknya, ovari dengan CL mempunyai berat dan 
lebar yang lebih tinggi [(0.69) g, (0.9) cm masing-masing], manakala panjang min 
didapati lebih tinggi di ovari tanpa CL [(1.15 ± 0.02) cm]. Folikel dikategorikan kepada 
beberapa peringkat iaitu awalan, pertama, kedua, awal antral, antral dan folikel 
praovulasi melalui histologi. Dari klasifikasi, nombor yang lebih tinggi kiraan awalan, 
pertama dan kedua folikel [(675,5 ± 619,50), (145.0 ± 81.0) dan (53.5 ± 38.50) 
masing-masing] telah dijumpai di dalam ovari kanan. Walau bagaimanapun, bilangan 
folikel praovulasi didapati lebih tinggi dalam ovari kiri (7.5 ± 5.5) berbanding dengan 
kanan. Dari sudut pandang lain, jumlah folikel awalan, pertama dan kedua 
diperhatikan lebih tinggi dalam ovari dengan (masing-masing 1295,226 dan 92) CL 
berbanding ovari tanpa CL kecuali folikel praovulasi yang lebih tinggi (5.33 ± 3.84) 
berbanding dengan CL ( 3). Daripada penilaian kualitatif, bilangan yang tinggi folikel 
yang tidak normal ditemui dalam ovari kanan (58.5 ± 52.5) manakala jumlah yang 
lebih tinggi daripada folikel tidak normal ditemui dalam ovari kiri (60.0 f 4.0). 
Berkenaan dengan CL hadir atau tidak hadir, jumlah yang lebih tinggi daripada folikel 
normal dan tidak normal ditemui dalam ovari dengan CL [(51 dan 111) masing- 
masing] berbanding dengan ovari tanpa CL [(43.0 ± 17.16) dan (28.67 ± 11.35) 
masing-masing]. Penemuan ini mendedahkan bahawa ovari kanan dan kiri kedua- 
duanya mempunyai potensi yang besar untuk memberikan jumlah telur yang baik 
untuk kajian luar table. Mengambilkira kehadiran CL pada ovari dan nombor sampel 
yang rendah, bilangan tertinggi dan folikel gred biasa boleh diambil dari ovari tanpa 
CL. Selain itu, keputusan ini boleh digunakan untuk mengumpul folikel berkualiti untuk 
pengambilan oosit untuk IVEP dan mewujudkan peluang yang besar untuk 
menjalankan penyelidikan secara lanjut mengenai pengeluaran embrio kambing 
terutamanya di sini di Sabah, Malaysia. 
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CHAPTER 1 

INTRODUCTION 

1.1 Introduction 

As a developing country, Malaysia is facing with growing population that give challenge 
in increasing agricultural productivity to meet the demand. The Malaysian livestock 

industry is an important and integral component of the agricultural sector, providing 

employment and producing useful animal protein food for the population. It 

contributes about 18 percent to the total food sector agriculture value added and 

export earnings (NAP, 1998). The industry can be classified into the non-ruminant and 
the ruminant sub-sectors. It has shown a steady growth over the years mainly because 

of the active participation of the private sector, particularly in the sub-sectors of 

poultry, eggs and pork. The ruminant sub-sector, however, is not well developed in 

spite of the emphasis and priority it has received from the government in its 

development plans. Cattle, buffalo, goat and sheep constitute the ruminant sub-sector 

and smallholders are the principal producers within this sub-sector. Malaysia is able to 

fulfil its own requirements for pork, poultry meat and eggs but has to import milk, beef 

and mutton. Self-sufficiency for milk, mutton and beef are below 20 percent (DVS, 

2015). As a result, the country has seen an increase in its food import bill from RM4.6 

billion in 1990 to RM10.0 billion in 1997. Thus, the Third National Agricultural Policy 

(NAP3,1998-2010) emphasizes that the further growth of the agricultural sector 

requires that the nation address the challenge of efficient and optimal utilization of 

existing resources in order to further improve competitiveness. 

Other than strengthening the policy, Malaysia also started to adopt and apply 

animal biotechnology in livestock production sector with specific research priority on 

genetic engineering of animals for improved production and quality, improvement of 



reproductive biotechnologies, development of cheap feedstuff from local resources, 

novel vaccines and drug delivery system and development of rapid diagnostic kits 

(Abdullah eta/., 2011). Biotechnology can be defined as any technique that uses living 

organism or substances from such organism to make or modify a product, to improve 

or develop micro-organism for specific purposes which have been used for thousand 

years in agriculture (Lebbie and Kagwini, 1996). Moreover, the advance in new 
biotechnology such as embryo manipulation technology has enhanced the possibilities 

of manipulating biological systems for the benefit of mankind. 

Goat is a multipurpose animal that has been used since long ago for the 

production of milk, meat, skin, fur, and even for transport in remote area (Sawhney, 

1992). Here in Malaysia, demand for goat meat was increasing years by years and this 

can be proved by the total mutton/chevon consumption every year since 2005 until 
2014 (DVS, 2015). They have a rugged physical strength that is able to survive under 

unfavourable weather conditions and climate. The goat is a prolific breeder with litter 

size varying from 1 to 4. During the last decade, a number of research papers have 

appeared on the morphology, histochemistry, biochemistry and physiology of various 

aspects of folliculogenesis and ovum maturation both in vivo and in vitro (Chauhan and 
Anand, 1991; Pawshe et al., 1994 a, b; Chauhan et at., 1997). Various reports on the 

improvement of genetic potential of goats through artificial insemination or through 

embryo transfer technology had been used (Chauhan and Anand, 1991; Pawshe et al., 

1994a, b; Chauhan et at., 1997). In vitro fertilization has recently been involved to the 

successful development of blastocysts for studying their genetic superiority, 

polyembryony, production of transgenic embryos and subsequent embryo transfer 

(Madan etal., 1994; Chauhan etal., 1999). 

All this reproductive biotechnology work already been discovered and applied 

all over the world but still limited here in Malaysia. In fact, there are a lot of major 

constraints that have been specifically listed out by Madan (2003) such as biodiversity 

within species and breeds, biotechnologies development in developed countries not 

suitable for developing countries, lack of trained scientists, technicians and field- 

workers, absence of mechanism between industry, universities and institutions for 

technology transfer. Therefore, a lot of studies need to be done for us to implement 

this technique successfully in our agriculture sector for animal improvement and 

production with economic returns. One of the preliminary works on IVEP has already 
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been done at undergraduate research level by (Nur Ariani, 2016) and this present 

study as supportive findings on the quality of follicles by histological evaluation to 

enhance the productivity of this small ruminant. 

In-vitro Embryo Production (IVEP) is also one of the reproductive biotechnology 

that has started been used in Malaysia. In producing embryo by IVEP, there are two 

procedures available which is one consists of superovulation, followed by Artificial 

Insemination (AI) and then flushing of uterus to gather the embryo and the other is 

In-Vitro Fertilization (IVF) that consists of recovery of eggs from ovaries of the female 

(Nur Ariani, 2016) then maturing and fertilizing them outside the body until they are 

ready to be implant into foster females. The benefit of this IVEP is its possibility to 

produce several progeny from a female in which the average lifetime production of an 

animal can be increased (Lebbie and Kagwini, 1996). This shows that reproductive 
biotechnology have an important role in contributing on animal production. For 

initiating the IVEP experiment, remarkable number of quality oocytes is the 

prerequisite and a preliminary work on the recovery of quality oocytes towards IVEP 

had so far been done previously (Nur Ariani, 2016) and stated that corpus luteum 

absent ovaries contributes higher number of quality oocytes. The present study was 

conducted for further explanation of egg quality recovered from corpus luteum present 

or absent of ovaries by histological study. 

1.2 justification 

As the demand for animal protein increasing year by year in Malaysia, there is urgently 

need of reproductive biotechnology implementation such as IVEP to improve the 

quality and population of livestock. In addition, to overcome the constraints of this 

technology we firstly need to have clear and concrete knowledge and experiences in 

animal reproductive biotechnology for a successful animal production. This present 

study might provide the scientific explanation for obtaining good oocytes from the 

ovarian follicles by histological evaluation and create the successful clue on IVEP which 
is able to improve the production of animals thus resolve the issues arising here in 

Sabah, Malaysia. 
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1.3 Objective 

Considering the above facts and circumstances, the present study was undertaken with 
the following objectives : 

1. To identify the quality of follicles in goat ovaries 

2. To find out the relationship between the quality of follicle and ovarian 

state 

1.4 Hypothesis 

Ho: There is no difference on the quality of follicles and it relationship with 

ovarian state of goat ovaries 

Ha: There is difference on the quality of follicles and it relationship with 

ovarian state of goat ovaries 

4 



CHAPTER 2 

LITERATURE REVIEW 

There are several research have been carried out throughout the world related to 

histochemical study of ovary as well as type of ovary, number of follicle and follicular size 

which affect cumulus-oocyte-complex (COCs) quality. The related findings of research 

work carried out in different countries of the world are reviewed in this chapter. 

2.1 Ovary 

Ovary is the vital reproductive organ in female animals that play a major role in producing 
the progenies. Ovary is a pair of tiny glands in female pelvic cavity that are located on 

opposite sides of the uterus and attached to the uterus by ovarian ligament. Ovaries also 
function in producing estrogen and progesterone hormones during different stages of 

estrus cycle. In mature ovary, corpus luteum and different size of follicles can be found. 

This has prompted many investigations on the growth, morphology and morphometry of 

ovarian follicles (Rajakoski, 1960; Settergren, 1964; Brand and Dejong, 1973; Cahill et 

a/., 1979; Ireland, 1987; Ginther et at.., 1989), and changes during the stages of the 

oestrous cycle (Ireland eta/., 1979; Driancourt eta/., 1985; Ravindra eta/., 1994). 

However, most of the studies stated above deals with sheep and cattle, and 

relatively few information is available on ovarian follicles in goats. Studies on the goat 

concentrated mainly on ovarian activity around the time of ovulation (Rao and 
Bhattacharyya, 1980; Akusu et al.., 1986) or only on the microscopic follicles visible on the 

surface of the ovary (Camp et al.., 1983). In addidtion, there are lacking in the existing 
knowledge on follicular systems in goat particularly on the qualitative value of follicles and 



it relationship with the ovarian state. Thus this study may provide some histological 

observation on the follicular system of goat. 

Figure 2.1 : Goat ovaries with visible follicles 

Source : Anonymous, n. d. 

2.1.1 Ovarian Type 

There are two type of ovary which is ovary with corpus luteum (CL+) and without corpus 
luteum (CL-). Corpus luteum (CL) is a reproductive gland that produces progesterone 

needed for establishment and maintenance of pregnancy. The CL can be easily found on 
the ovarian surface and have thicker wall and denser texture than follicles. When the 

follicle ruptured, bleeding occurs and blood clot forms in its cavity and is called corpus 
hemorrhagium. The corpus hemorrhagicum is replaced by the CL, which forms rapidly by 

proliferation of a mixture of theca externa, theca interna and granulosa cells. There is 

dark red in appearance of the outside of a CL and the cross section reveals a bright yellow 
to yellow-orange interior (Vernunft et al., 2013). 

The presence of CL in does ovary produces a higher level of progesterone 
hormone that signals a negative response to anterior pituitary gland for the restriction of 

gonadotropin secretion and ultimately degeneration occurs (Webb et al., 1999). While, 

the absence of CL in the ovary cause the estrogen-progesterone remains in balance level 

that allows follicular growth and oocyte maturation. Progesterone secreted by the luteal 

cells of the CL inhibits estrus and gives the negative feedback on the anterior pituitary to 
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secrete FSH (Hafez, 1993). As a result, the growing follicles regressed and become 

antretic. 

If embryo are present, the release of progesterone is blocked by the embryo, thus 

CL continues secreting progesterone (Burns, 2002). However, if the doe is not pregnant, 
direct action of prostaglandin from uterine wall on day 16 to 18 of the heat cycle cause 

the CL to regress and result in declining of progesterone production. When CL regresses, 
it will lost its yellowish colour and eventually appearing as a small white scar on the 

surface of the ovary which is called as corpus albican. 

Figure 2.2 : Bisection of goat ovary with corpus luteum 

Source : Anonymous, n. d. 

2.2 Ovarian Structure 

The goat ovaries are oval in shape 0.7 to 1.9 cm long, 0.5 to 0.9 cm in width and 0.2 to 

0.4 cm in thickness and weigh 0.8 to 1.2 g (Roberts, 1971; Gretty, 1975; Singh and 
Prakash, 1988). The bisection of the ovary has revealed 2 demarcated zones, the 

peripheral zone or cortex or zona parenchymatosa (375 to 490 mm in thickness) and 

central zone or medulla or zona vasulosa (215 to 305 mm in thickness) (Singh and 
Prakash, 1988). The cortex contained those tissue layers associated with ovum and 
hormone production while medulla is composed primarily of blood vessels, nerves and 
connective tissue. The broad cortex of the goat ovary contains largely the primordial 
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follicles and follicles in various stages of growth and atresia, interstitial gland tubules and 

some epithelial cords (Sharma et al., 1992). Beneath this lies a thick layer of tunica 

albuginea composed of coarse aveolar connective tissue with fibroblast cells and collagen 
fibres oriented parallel to the ovarian surface (Singh and Prakash, 1988). The term 

albuginea was assigned to it because of its white colour (Ham and Cormack, 1979). 

Figure 2.3 : Bisection of goat ovary 

Source : Anonymous, n. d. 

2.2.1 Follicular Growth 

The overall process of follicular growth appears to be similar across mammals where 
during oestrus, increased secretion of follicular stimulating hormone (FSH) in the pituitary 

promotes the assemblage of growing follicles in the ovaries. FSH and luteinizing hormone 

(LH) are both transported to the theca via blood circulation (Richards and Pangas, 2010) 

and stimulate the production of androgens which are then converted to oestrogen in the 

granulosa cell layer of the follicle (Bao and Garverick, 1998; Erickson et a/., 1979; Silva 

and Price, 2002). The oestrogens, in turn, enter the blood and down-regulate the 

production and secretion of FSH in the pituitary (Kumar et al, 1997). As the FSH 

concentration in the blood circulation subsequently falls, an increasing number of follicles 

undergoes atresia, and only the one follicle that can best compensate the lower FSH 

signalling with LH signalling survives and becomes the dominant, ovulating follicle (Xu et 

al., 1995). 
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Follicles in an ovary can be found in different size depends on the stage of the 
follicles. Pedersen and Peters (1968) described that the follicles can be classified as (a) 

Primordial follicles when an oocyte (o) surrounded by a layer of squamous (flattened) 

granulosa cells, (b) Primary follicles when an oocyte surrounded by a single layer of 

predominantly cuboidal granulosa cells, (c) Secondary follicles were surrounded by more 

than one layer of cuboidal granulosa cells, with no visible antrum, (d) Early antral follicles 

when they have emerging antral spaces, (e) Antral follicles that possessed a clearly 
defined antral space, (f) Preovulatory follicles were the largest of the follicular types and 

possessed a defined cumulus granulosa cell layer, (g) zona pellucida (ZP) of healthy 

follicles and zona pellucida remnants (ZPRs) representing end-stage atretic follicles, (h) 

High magnification of ZPR (arrowhead), which is easily distinguished from neighbouring 
blood vessels. 

Figure 2.4 : Follicular growth 

Source : Pedersen and Peters (1968) 
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2.2.2 Follicular size 

The follicles are present in a wide range of sizes representing various stages of 
folliculogenesis. Folliculogenesis is the process where ovulatory follicles are developed and 
the release of one or more mature oocytes at a fixed interval throughout the reproductive 
life of a female human or animal. Folliculogenesis are governed by the activity of 

granulosa cells whose activity is regulated by various extra ovarian and intra ovarian 
hormones and growth factors (Guraya, 1998). The oocyte and follicle structure, 

composition and organelle distribution show considerable variability during the course of 
follicular growth and maturation (Sharma and Chowdhury, 1998). Different sizes of 
follicles can be found in an ovary representing different stages of follicular growth. The 

diameter of follicles at different stages of growth can be seen in Table 2.1 as discovered 

by Ariyaratna and Gunawardan (1997). 

Table 2.1 : Means (±SD) in pm for growth in relation to follicular growth in the ovary 

Stage of follicle Diameter of oocyte Thickness of 
zona pellucida 

Primordial follicles (160) 29.6 ± 2.1a 
Follicles at antrum formation (42) 80.1 ± 9.6b <1 
Vesicular follicles <1 mm (40) 109.6 ± 8.9f 2.2 ± 0.3 
Vesicular follicles >2 mm (34) 119.0 ± 9.5 3.2 ± 0.3f 
Source : Ariyaratna and Gunawardan, 1997 

The average diameter of the oocyte and the thickness of the zona pellucida in the 

various stages of follicle formation are given in Table 2.1. There was a significant increase 

in the oocyte diameter during all stages of follicular development, together with a 

significant increase in thickness of the zona pellucida at each development stage. 

2.2.3 Follicular Fluid 

Follicular fluid (FF) can be found between the spaces in membrane granulosa of preantral 
follicles. It is more prominent and consistent in early phases. As the size of follicles 

increasing, these small fluid filled spaces forming an antrum. Merker (1961) and Hadek 

(1963) have envisioned the emptying of large vesicle into the intercellular space seem to 
be derived from ergastoplasmic vesicle thus suggested that the granulosa cells contribute 
some substances to the follicular fluid. However, there are some study shows that protein 
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of follicular fluid are directly derived from the blood vascularity of theca interna (Mancini 

et al., 1963). Following are types of FF that were described in mammals (Guraya, 1985; 

1997): (i) primary follicular fluid of membrane granulosa origin, (ii) secondary follicular 

fluid of blood plasma origin and (iii) follicular fluid having leucocytes, cell debris that plugs 

ruptured follicle. 

Follicular fluid consists mainly of mucopolysaccharides (Zachariae, 1959; Jacoby, 

1962) and autoradiographic studies have shown active secretion of these 

mucopolysaccharides by granulosa cells and high protein turn over (Bjorkman, 1962). 

Steroid hormones derived from follicles wall can also be found in the FF (Younglai and 

Short, 1970). The straw coloured follicular fluid viscosity varies with the follicular growth 

and there appears a complex network of fibrous mucopolysaccharides. The pH of follicular 

fluid is normally 7.0, whereas pCO2, varies with the stage of follicular growth and species 

(Guraya, 1985). Physical and chemical characteristic of mucopolysaccharides are 

impressively changed during preovulatory swelling of follicles thus increase an 

intrafollicular pressure which leads to ovulation in an explosive manner (Zachariae, 1959). 

2.2.4 Theca layer 

Theca cells can be seen once a follicle has two or more layer of granulosa cells which is 

around the time when thecal cells become LH responsive and steroidogenic enzymes are 

activated (Magoffin and Weitsman, 1994). Thecal cells produce androgens in response to 

LH, which are then converted into estrogen by (FSH)-induced aromatase in the 

neighboring granulosa cells of selected growing follicles. The outer and most fibrous layer 

in Graafian follicle is the theca externa while the inside layer is the theca interna. Theca 

externa acts largely as cellular barrier, while theca interna as steroidogenic entity (Sharma 

et al., 1996). The electron and light microscopic analysis of normal theca externa reveals 

that it comprises fibrous cells, collagenous filaments and a number of blood vessels, and 

nerve transverse this structure (Guraya et al., 1991; Sharma et al., 1996). 

Theca interna consists of elongated to polyhedral cells and a thick bed of 

capillaries and lipoidal tissue lines this structure (Sharma et al.., 1996). Ultrastructurally, 

the theca interna cells of the goat shows features of steroid-secreting cells (Christensen 

and Gilim, 1969; Guraya, 1971; 1972 a, b). These features are (a) abundant diffuse lipids 

(lipoproteins) in the cytoplasm, ( b) well-developed cell organelles, especially mitochondria 

11 



REFERENCES 

Abdullah, R. B., Wan Khadijah, W. E., and Soh, H. H. 2011. Biotechnology in Animal 

Production in Developing Countries. In: 2nd International Conference on 
Agricultural and Animal Science IPCBEE 22: 88-91 

Aberle, E. D., Forrest, J. C., Gerrard, D. E., and Mills, E. W. 2001. Principles of Meat 

Science 4: 92-95 

Adama, J. Y., Shiawoya, E. L., and Michael, N. 2011. Incidence of Foetal Wastages of 
Cows Slaughtered in Minna Abattoir, Niger State. Nigeria. J Appl Bio sci. 
42: 2876-2881 

Akusu, M. 0., Osuagwuh, A. I. A., Akpokodje, J. U., and Egbunike, G. N., 1986. 

Ovarian Activities of the West African Dwarf Goats (Capra Hircus) During 

Oestrus. J. Reprod. Fertil. 78: 459-462 

Amer, H. A., Hegab, A. 0., and Zaabal, S. M. 2008. Effects of Ovarian Morphology on 

Oocyte Quantity and Quality, Granulosa Cells, In Vitro Maturation, and Steroid 

Hormone Production in Buffaloes. Journal of Animal Reproduction, 5: 55-62 

Amiridis, G. S., and Cseh, S. 2012. Assisted Reproductive Technologies in The 

Reproductive Management of Small Ruminants. Anim. Repr. Sci. 130: 152-161 

Ariyaratna, H. B. S., and Gunawardana, V. K. 1997. Morphology and Morphometry of 
Ovarian Follicles in the Goat. Small Ruminant Research 26: 123-129 

Asad, L., Rahman, A. N. M. I., Hossain, M. M., and Ater, M. 2016. Ovarian Category, 

Follicles and Oocytes Analysis of Goat Ovaries in View of In vitro Production of 
Embryo. Journal of Animal Resources. 1: 27-34 

Baldasarre, H. 2012. Practical Aspects For Implementing In Vitro Embryo Production 

and Cloning Programs in Sheep and Goats. Anim. Reprod. 9: 188-194 

Bao, B., and Garverick, H. A. 1998. Expression of Steroidogenic Enzyme and 
Gonadotropin Receptor Genes in Bovine Follicles During Ovarian Follicular 

Waves: A Review. Journal of Animal Science 76: 1903-1921 
Bjorkman, N. 1962. A Study of the Ultrastructure of the Granulosa Cells of the Rat 

Ovary. Acta Anal. (Basel), 51: 125-147 

Blondin, P., and Sirard, M. A. 1995. Oocyte and Follicular Morphology as Determining 
Characteristics for Developmental Competence in Bovine Oocytes. Mol Reprod 

Dev, 41: 54-62 

Brand, A., and DeJong, W. H. R. 1973. Qualitative and Quantitative Morphological 



Investigation of the Tertiary Follicle Population During the Oestrous Cycle in 
Sheep. J. Reprod. Fertil. 33: 431- 439 

Brinster, R. L. 1966. Glucose-6-phosphate-dehydrogenase Activity in the 
Preimplantation Mouse Embryo. BiochemtistryJournal101: 161-63 

Britt, J. H. 2008. Oocyte Development in Cattle: Physiological and Genetic Aspects. 

Revista Brasileira de Zootecnia 37: 110-115 

Burns, P. D. 2002. The Dairy Cow Heat Cycle. Doctoral Thesis. Colorado State 

University 

Camp, J. C., Wildt, D. E., Howard, P. K., Stuart, L. D., and Chakraborty, P. K. 1983. 
Ovarian Activity During Normal and Abnormal Length Oestrous Cycles in the 

Goat. Bio% Reprod, 28: 673-681 

Cahill, L. P., Mariana, J. C., and Mauleon, P. 1979. Total Follicular Populations in Ewes 

of High and Low Ovulation Rates. J. Reprod, ferti/. 55: 27-36 

Chauhan, M. S. and Anand, S. R. 1991. In Vitro Maturation and Fertilization of Goat 

Oocytes. Indian Journal of Experimental Biology 29: 959-66 

Chauhan, M. S., Katiyar, P. K. and Madan, M. L. 1997. In Vitro Production of 
Blastocysts in Goats, Sheep and Buffaloes. Indian Journal of AnimalSciences 

67: 394-96 

Chauhan, M. S., Nadir, S., Bailey, T. L., Pryor, A. W., Butler, S. P., Notter, D. R., 

Velander, W. H. and Gwazdauskas, F. C. 1999. Bovine Follicular Dynamics, 

Oocyte Recovery and Development of Oocytes Microinjected with a Green 

Fluorescent Protein Construct. Journal of Dairy Science 82: 918-26 

Christensen, A. K., and Gillim, S. W. 1969 . The Correlation of Fine Structure and 

Function in Steroid Secreting Cells, with Emphasis on those of the Gonads. In 

K. W. Mckerns The Gonads, 415 - 488, Appleton-century, New York 

Cognie, Y., Baril, G., Poulin, N., and Mermillod, P. 2003. Current Status of Embryo 

Technologies in Sheep and Goat. Theriogenology, 59(1): 171-188 

Crozet, N., Motalik, J., and Szollosi, D. 1981. Nucleolar Fine Structure and RNA 

Synthesis in Porcine Oocytes During The Early Stages of Antrum Formation. 

Biology Cell 41: 35-42 

Cseh, S., Faigl, V., and Amiridis, G. S. 2012. Semen Processing and Artificial 

Insemination in Health Management of Small Ruminants. Anim. Repr. Sci. 

130: 187-192 

De Loos, F., Van Vliet, C., Van Maurik, P., and Kruip, T. A. M. 1989. Morphology of 

Immature Bovine Oocytes. Gamete Res, 24: 197-204 

37 



Dempster, W. T. 1960. Rates of Penetration of Fixing Fluids. Am JAnat 107: 59-72 
Driancourt, M. A., Gibson, W. R., and Cahill, L. P. 1985. Follicular Dynamics 

Throughout the Oestrous Cycle in Sheep. Reprod. Nutr Dev. 25: 1-15 

DVS. 1999. Department of Veterinary Services, Ministry of Agriculture, Malaysia 

DVS. 2015. Department of Veterinary Services, Ministry of Agriculture, Malaysia 

Eckert, J., and Niemann, H. 1995. In Vitro Maturation, Fertilization and Culture to 
Blastocyst of Bovine Oocytes in Protein-free Media 43(7): 1211-1225 

Eppig, J. J. 1985. Oocyte-somatic Cell Interactions During Oocyte Growth and 
Maturation. Developntental Biology-A Comprehensive Synthesis. Oogenesis 

Biology 1: 313-50 

Erickson, G. F., Wang, C., and Hsueh, A. J. 1979. FSH Induction of Functional LH 

Receptors in Granulosa Cells Cultured in a Chemically Defined Medium. Nature 

279: 336-338 

Gregory, N. G., and Grandin, T. 2007. Animal Welfare and Meat Production. 2. 

Wallingford, Oxfordshire, United Kingdom: CABI Int. pp. 168-190 

Gretty, R. 1975. Sisson and Grossman sAnatomyofDomestic Animals. 5th edn. WB 

Saunders Philadelphia 

Gupta, M. D., Ater, M. M., Gupta, A. D., and Das, A. 2011. Biometry of Female Genital 

Organs of Black Bengal Goat. Intl. J. Nat. Sci, 1: 12-16 

Guraya, S. S. 1971. Morphology, Histochemistry and Biochemistry of Human Ovarian 

Compartments and Steroid Hormone Synthesis. Physiol. Rev., 51: 785-807 

Guraya, S. S. 1972 a. Function of the Human Ovary During Pregnancy as Revealed by 

the Histochemical, Biochemical and Electron microscope Techniques. Acta 

Endocr (Kbh), 69: 107-118 

Guraya, S. S., 1972 b. Comparative Studies on the Histochemical Features of Ovarian 

Compartments in the Rat and Golden Hamster, with Special Reference to 

Steroid Hormone Synthesis. Acta Anat. (Basel), 82: 284-304 

Guraya, S. S. 1973. Morphology, Histochemistry and Biochemistry of Folicullar 

Growth and Atresia. Anna/es de Biologie Anima/e, Siochim/e, Biophysique, 13: 

229-245 

Guraya, S. S. 1985. Biology of Ovarian Follicles in Mammals. Springer Berling 

Heidelberg, New York, Tokyo 

Guraya, S. S. 1997. Biology of Ovarian Follicles in Buffaloes and Cattle. Indian Council 

of Agriculture, New Delhi 

Guraya, S. S., Kaur, P., and Sharma, R. K. 1991. Histochemical and Biochemical 

38 



Studies on Acetylcholine Estrase Activity in The Rat Ovary. European Journal of 
Morphology 29: 161-72 

Guraya, S. S. 1998. Cellular and Molecular Biology of Gonadal Development and 
Maturation in Mammals: Fundamentals and Biomedical Implications. Narosa 

Publishing House, New Delhi. 

Hadek, R. 1963. Electron Microscope sStudy on Primary Liquor Folliculi Secretion in the 

Mouse Ovary. J. Ultrastruct. Res, 9: 445 -458 
Ham, A. W., and Cormack, D. H. 1979. Histology. 8th edn. Lippincott, J. B. Co 

Philadelphia 

Hafez, E. S. E. 1993. Folliculogensis, Egg Maturation and Ovulation: Reproduction in 

Farm Animals, 5th Ed, Lea and Febiger, Philadelphia, pp: 114-143 

Hawk, H. W., and Wall, R. J. 1994. Improved Yields of Bovine Blastocysts From In 

Vitro-Produced Oocytes. I. Selection of Oocytes and Zygotes. Theriogenology, 

41: 1571-1583 

Hazeleger, N. L., Hill, D. J., Stubbings, R. B., and Walton, J. S. 1995. Relationship of 

Morphology and Follicular Fluid Environment of Bovine Oocytes to Their 

Developmental Potential In Vitro. Theriogenology, 43: 509-522 

Ireland, J. J. 1987. Control of Follicular Growth and Development. J. Reprod. Fertil. 

Suppl. 34: 39-54 

Islam, M. R., Khandoker, M. A. M. Y., Afroz, S., Rahman, M. G. M., and Khan, R. I. 

2007. Qualitative and Quantitative Analysis of Goat Ovaries, Follicles and 
Oocytes in View of In Vitro Production of Embryos. J. Zhejiang University Sci. B. 

8(7): 465- 469 

Izquierdo, D., Villamediana, P., and Paramio, M. T. 1999. Effect of Culture Media on 

Embryo Development from Prepubertal Goat IVM-IVF Oocytes. Theriogenology 

, 52: 847-861 

Jablonka-Shariff, A., Grazul-Bilska, A. T., Redmer, D. A., and Reynold, L. P. 1993. 

Growth and Cellular Proliferation of Ovine Corpora Lutea Throughout the 

Estrous Cycle. Endocrinology. 133: 1871-1879 

Jacoby, F. 1962. Ovarian Histochemistry. In : S. Zuckerman. The Ovary, 189-245, 

Academic Press, London 

Katska-Ksiazkiewicz, L., Rynska, B., Gajda, B., Smorag, Z. 2004. Effect of Donor 

Stimulation, Frozen Semen and Heparin Treatment on The Efficiency of In Vitro 

Embryo Production in Goats. Theriogenology, 62: 576-586 

Khandoker, M. A. M. Y., Imai, K., Takahashi, T., and Hashizume, K. 2001. Role of 

39 



Gelatinase on Follicular Atresia in the Bovine Ovary. B/o% Reprod. 65(3): 726- 
732 

Kiknadze, I. L., Zybena, T. G., Zybina, E. V., and Zhekzora, A. J. 1980. Characteristics 

of Nuclear Structure and Karyosphere Formation in The Oogenesis of The Mink. 
Tsitologiya 22: 127 -33 

Kumar, T. R., Wang, Y., Lu, N., and Matzuk, M. M. 1997. Follicle Stimulating Hormone 
is Required for Ovarian Follicle Maturation but not Male Fertility. Nat Genet 15: 
201-204 

Lebbie, S. H. B. and Kagwini, E. 1996. Small Ruminant Research and Development in 
Africa. Proceedings of the Third Biennial Conference of the African Small 

Ruminant Research Network, UICC, Kampala, Uganda, 5-9 December 1994. 
Nairobi, Kenya. 326 

Liebfried, L., and First, N. L. 1979. Characterization of Bovine Follicular Oocytes and 
Their Ability to Mature In Vitro. JAnim Sci, 48: 76-86 

Madan, M. L., Chauhan, M. S., Singla, S. K. and Manik, R. S. 1994. Pregnancies 

Established from Water Buffalo (Buba/us Buba/is) Blastocysts Derived from In 

Vitro Matured and In Vitro Fertilized Oocytes and Co-cultured with Cumulus and 
Oviduct Cells. Theriogenology42: 591-600 

Madan, M. L. 2003. Opportunities and Constraints for Using Gene-Based Technologies 

in Animal Agriculture in Developing Countries and Possible Role of International 

Donor Agencies in Promoting R&D in this field. In: FAO/IAEA international 

symposium on applications of gene-based technologies for improving animal 

production and health in developing countries, Vienna, Austria. 6-10 October 

2003. Food and Agriculture Organisation/ International Atomic Energy Agency, 

Vienna. 103-104 

Magalhaes, D. M., Duarte, A. B. G., Araujo, V. R., Brito, I. R., Soares, T. G., Lima, I. M. 

T., Lopes, C. A. P., Campello, C. C., Rodrigues, A. P. R., and Figueiredo, J. R. 

2011. In vitro Production of a Caprine Embryo From a Preantral Follicle Cultured 

in Media Supplemented With Growth Hormone. Theriogenology75: 182-188 

Mangia, F., and Epstein, C. J. 1975. Biochemical Studies of Growing Mouse Oocytes: 

Preparations of Oocytes and Analysis of Glucose- 6-phosphate-dehydrogenase 

Activities. Developmental Biology45: 211-20 

Mancini, R. E., Vilar, 0., Heinrich, J. J., Davidson, 0. W., Alvarez, B. 1963 . 
Transference of Circulating Labelled Serum Proteins to the Follicle of the Rat 

Ovary. J. Histochem. Lytochem., 11: 80 

40 



Merker, H. J. 1961 . Elektronenmikroskopische Untersuchungen Uber Die Bildung Der 

Zona pellucida in Den Follikeln Des Kaninchenovars. Z. Zellforsch 54: 677 -688 
Monga, S. 1990. Comparative Morphological and Histochemical Studies on the Ovarian 

Follicles of Sheep and Goat. M. Sc. (Hons. ) Dissertation, Punjab Agricultural 

University, Ludhiana 

Myers, M., Britt, K. L., Wreford, N. G. M., Ebling, F. J. P., and Kerr, J. B. 2004. 

Methods for Quantifying Follicular Numbers Within the Mouse Ovary. 

Reproduction Journal. 127: 569-580 

Nandi, S., Chauhan, M. S., and Palta, P. 2001. Effect of Environmental Temperature on 

Quality and Developmental Competence In Vitro of Buffalo Oocytes. Journal of 

Veterinary Research, 148: 278-279 

NAP. 1998. Third National Agriculture Policy (1998-2010) 

Nur Ariani, D. 2016. Evaluation of Goat Ovaries, Follicles and Cumulus-Oocyte- 

Complexes (COCs) in view of In Vitro Production of Embryo. Bachelor of 

Science Dissertation. Universiti Malaysia Sabah 

Okoli, C. G., Okoli, I. C., Okorondu, U. V., Opara, M. N. 2006. Environmental and Public 

Health Issues of Animal Food Products Delivery System in Imo State. Nigeria 

Online. JHealth andA//ied Sci. 5(2): 1-11 

Pedersen, T., and Peters, H. 1968. Proposal for a Classification of Oocytes and Follicles 

in the Mouse Ovary. Journal of Reproduction and Fertility 17: 555-557 

Pawshe, C. H., Appa Rao, K. B. C., Jain, S. K. and Totey, S. M. 1994a. Biochemical 

Studies on Goat Oocytes: Timing of Nuclear Progression, Effect of Protein 

Inhibitor and Pattern of Polypeptide Synthesis During In Vitro Maturation. 

Theriogenology 42: 307-20 

Pawshe, C. H., Totey, S. M. and Jain, S. K. 1994b. A Comparison of Three Methods of 

Recovery of Goat Oocytes for In Vitro Maturation and Fertilization. 

Theriogenology 42: 117-25 

Rahman, A., Hossain, A., Ahmed, M. V., Sen, M. M. 1977. Studies on Some 

Reproductive Performances and Biometry of The Female Genital Tract of Black 

Bengal Goat. J Anim 5ci47: 714-725 

Rao, V. H., and Bhattacharyya, N. K. 1980. Ovulation in Black Bengal goats. J. Reprod. 

Fertil. 58: 67-69 

Ravindra, J. P., Rawling, N. C., Evans, A. C. 0., and Adams, G. P. 1994. 

Ultrasonographic Study of Ovarian Follicular Dynamics in Ewes During the 

Oestrous Cycle. J. Reprod. Fertil. 101: 501-509 

41 



Richards, J. S., and Pangas, S. A. 2010. The Ovary: Basic Biology and Clinical 

Implications. The Journal of Clinical Investigation 120: 963-972 

Roberts, S. J. 1971. Veterinary Obstetrics and Genital Diseases. 2nd edn. Ithaca, New 
York 

Salustri, A. 2000. Paracrine Actions of Oocytes in the Mouse Pre-Ovulatory Follicle. 

international Journal of Developmental Biology 44(6): 591-597 

Sarkar, M. K. 1993. Studies on the Incidence of Reproductive Abnormalities in Female 
Goat (Capra hircus) Mymensingh, Bangladesh: Bangladesh Agricultural 

University Master of Science Thesis Submitted to the Dept. of Anatomy 

Sawhney, A. K. 1992. Electron Microscopic Studies on the Ovarian Follicles of Goat 

(Capra Hircus). M. Phil Dissertation, Kurukshetra University, Kurukshetra 

Sharma, R. K., Khajuria, M., and Guraya, S. S. 1992. Morphology of Normal and Atretic 

Follicles of Goat Ovary During Anoestrus. International Journal of Animal 

Sciences 7: 81-84 

Sharma, R. K., Sawhney, A. K. and Vat, S. R. 1996. Ultrastructure of Thecal 

Components in Caprine Ovary. Small Ruminant Research 22: 249-53 

Sharma, R. K. and Chowdhury, S. 1998. Ultrastructure Changes in the Oocytes of 
Caprine Antral Follicles. Indian Journal of Animal Sciences 68: 332-36 

Sharma, R. K., and Guraya, S. S. 1998. Distribution, Histochemistry and Biochemistry 

of Oocyte during Folliculogenesis-A review. Agricultural Reviews 19: 73-85 

Sharma, R. K., and Sawhney, A. K. 1999. Morphology of Membrane Granulosa in 

Caprine Ovary. Indian Journal of Aninml Sciences 69: 109-13 

Silva, J. M., and Price, C. A. 2002. Insulin and IGF-I are Necessary for FSH-induced 

Cytochrome P450 Aromatase but not Cytochrome P450 Side-chain Cleavage 

Gene Expression in Oestrogenic Bovine Granulosa Cells In Vitro. The Journal of 
Endocrinology 174: 499-507 

Singh, G. K., and Prakash, P. 1988. Histomorphological and Histochemical Studies on 
The Ovary of Goat. Indian Veterinary Journal 65: 705-9 

Singh, S. K., Bhattacharay, A. R., Luktura, S. N. 1974. Studies on Biometry of Genital 

Organs of Female Goat. Indian VetJ. 51(1): 81-85 

Staigmiller, R. B., and Moor, R. M. 1984. Effect of Follicle Cells on the Maturation and 

Developmental Competence of Ovine Oocytes Matured Outside the Follicle. 

Gamete Res, 9: 221-229 

Sureshkumar, P. K., and Janakiraman, K. 1993. Histomorphological Changes of the 

42 



Caprine Ovary Relative to the Changes of the Oestrus Cycle. Small rumin. Res. 

12: 287-300 

Thiabault, C., Szollosi, D., and Gerard, M. 1987. Mammalian Oocyte Maturation. 

Reproduction Nutrition and Developnxent 27 : 865-96 

Vernunft, A., Weitzel, J. M., and Viergutz, T. 2013. Corpus Luteum Development and 
its Morphology After Aspiration of Preovulatory Follicle Related to Size and 
Streoid Content of The Follicle In Dairy Cow. Veterinarni Medicina 58: 221-229 

Wang, B., Baldassarre, H., Tao, T., Gauthier, M., Neveu, N., Zhou, J. F., Leduc, M., 

Duguay, F., Bilodeau, A. S., Lazaris, A., Keefer, C., and Karatzas, C. N. 2002. 

Transgenic Goats Produced by DNA Pronuclear Microinjection of In Vivo Derived 

Zygotes. Mol. Reprod. Dev. 63: 437-443 

Warriss, P. D. 2008. Meat Science an Introductory Text (First Edition) United Kingdom: 

CAB International. pp. 68-86 

Wassarman, P. M. and Josefowicz, W. J. 1978. Oocyte Development in the Mouse: An 

Ultrastructural Comparison of Oocytes Isolated at Various Stages of Growth and 

Meiotic Competence. Journal of Morphology 156: 209 -36 
Wassarman, P. M., and Albertini, D. F. 1994. The Mammalian Ovum. The Physiology of 

Reproduction 1: 79-122 

Webb, R., Campbell, B. K., Garveric, H. A., and Gong, J. G. 1999. Molecular 

Mechanisms Regulating Follicular Recruitment and Selection. Journal of 

Reproductive Fertility, 45: 123-126 

Whitlock, B., and Maxwell, H. S. 2008. Pregnancy-associated Glycoproteins and 

Pregnancy Wastage in Cattle. Therio. 70(3): 550-559 

Wurth, Y. A., and Kruip, T. A. M. 1992. Bovine Embryo Production In Vitro After 

Selection of the Follicles and Oocytes. In: Proceedings of the 12th international 

Congress of Animal Reproduction, 1992; The Hague, The Netherlands. The 

Hague: ICAR. 1: 387-389 

Wurth, Y. A., Boni, R., Hulshof, S. C. J., and Kruip, T. A. M. 1994. Bovine Embryo 

Production In Vitro after Selection of Ovaries, Follicles and Oocytes. In: Wurth 

VA. Bovine Embryo Production In Vitro: Influencing factors Utrecht, The 

Netherlands: Utrecht University Press. pp. 67-85 

Xu, Z., Garverick, H. A., Smith, G. W., Smith, M. F., Hamilton, S. A., and Youngquist, R. 

S. 1995. Expression of Follicle Stimulating Hormone and Luteinizing Hormone 

Receptor Messenger Ribonucleic Acids in Bovine Follicles During the First 

Follicular Wave. Biology of Reproduction 53: 951-957 

43 



Younglai, E. A., and Short, R. V. 1970. Pathways of Steroid Biosynthesis in the Intact 

Graafian Follicle of Mares in Oestrus. J. Endocr, 47: 321-333 

Young, J. M., and McNeilly, A. S. 2010. Theca: the forgotten cell of the ovarian follicle. 

Reproduction journal 140: 489-504 

Zachariae, F. 1959 . Acid Mucopolysaccharides in the Female Genital System and their 

Role in the Mechanism of Ovulation. Acta endocr (Kbh), 33, Suppl. 46: 1-64 

Zoheir, K. M. A., Abdoon, A. S., Mahrous, K. F., Amer, M. A., Zaher, M. M., Li-Guo 

Yang, and Nahass, E. M. E. L. 2007. Effect of Season on the Quality and In 

Vitro Maturation Rate of Egyptian Buffalo (Bubalus bubalis) Oocytes. Journal of 

Cell and Animal Biology, 1(2): 29-33 

44 


