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Abstract – Biotechnology is the application of biological principles; in manipulating living organisms or their
derivatives to improve or multiply their products. In livestock its application includes, reproduction and genetics,
vaccines, diagnostic tests, treatment and control, conservation of endangered species. Reproductive inefficiency is one
of the most important causes of economic losses in animal industries. In vitro embryo production begins with harvesting
oocytes from donor’s ovaries of live animals or slaughtered animals using slicing ovarian tissue, follicular aspiration,
and ultrasound guided ovum pick up. Oocyte quality is the pre-requisite for in-vitro embryo production. The recovery
rate of oocyte, the quality and developmental competence are influenced by different technical and biological factors.
Intrinsic quality of primary oocyte coupled with maturation conditions, origin of the oocytes and donor animal
including hormonal pre-stimulation also contribute to the quality of oocytes recovered. Additionally, follicular wave
synchronization and ablation, age cells, stage of the estrous cycle, hormonal patterns and biochemical characteristics
of the follicular fluid are various factors involved in affecting oocyte quality/competence. Furthermore temperature
stress and energy balance, breed, also have role in affecting quality of both the follicles and oocytes. The type of oocyte
maturation medium (IVM protocols) and the supplements used may also affect oocyte used. Therefore, the aim of this
paper is to review factors affecting oocyte retrieval and in vitro maturation in bovine.
Keywords – Biotechnology, Reproductive Inefficiency, Oocyte, IEP and IOM.

I. INTRODUCTION
Biotechnology is the application of biological principles, in manipulating living organisms or their derivatives
to improve or multiply their products [27]. Application of biotechnologies in livestock falls within four categories;
management or husbandry, herd health, nutrition and growth, reproduction and genetics [6]. There are also
numerous applications that aim to improve the health and welfare of animal-trans genesis, vaccines, diagnosis
tests, treatment and control, feed additives, and improving quality and safety [11].
Biotechnology can also involve in conservation of endangered species of animals, which is important to balance
and maintain the functioning of ecosystem through assisted reproductive technology (ART) including;
reproductive molecular characterization, planned genetic breeding and gamete cryopreservation, artificial
insemination (AI), embryo transfer and in vitro fertilization [3, 17]. Genetic improvement is highly dependent on
efficiency of reproduction in order to disseminate superior germplasm. In male AI can be considered as a large
scale reproductive biotechnology and multiple ovulation and embryo transfer (MOET) in female animals makes
species like cattle, multi-parous, allowing the best cows to have more than the natural number of descendants [2].
The emergence and application of reproductive technologies like in vitro embryo production through in vitro
maturation, in vitro fertilization and in vitro culture of oocytes, production of cloned or transgenic cattle,
establishment of oocyte banks, etc. have been driven by the economic gain offered by the potential increase in the
number of offspring from genetically superior animals or it is simply to safeguard the genetic pool of infertile or
sub-fertile animals and also, to use of superior germplasm [6].
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Reproductive inefficiency is one of the most important causes of economic losses in animal industries and it is
realized throughout the world although remarkable advancement has been made in the field of reproductive
physiology in recent years, infertility due to low conception rate and high embryonic mortality remains a major
problem, to overcome these future needs there is a need to use all emerging technologies especially the modern
reproductive biotechnologies like estrus synchronization, super ovulation, non-surgical embryo collection and
transfer, cryopreservation of embryos, oocytes pick- up from live animals, in vitro maturation and fertilization
[53].
Application of in-vitro embryo technologies to domestic animal species is with the objective of production of
embryos from genetically valuable animals that are either infertile or that are deceased, having an alternative
means to produce embryos from valuable animals rather than using super ovulation and to utilize the inexpensive
method for producing embryos using abattoir-derived ovaries. The ability to preserve female gametes is an integral
part of assisted reproductive techniques (ARTs) and can have a significant impact on animal conservation
programs, animal breeding programs, and human-assisted conception [47].
In vitro embryo production begins with harvesting oocytes from donor’s ovaries of live animals or slaughtered
animals. The most common source of oocytes is slaughterhouses, which constitute an economical source of and
it allow large scale production of embryos, however, the qualities are of highly variable. Bovine ovaries were
obtained from the local slaughterhouse and transported to the laboratory within 2 hours and immature oocytes are
recovered using different methods, slicing, aspiration, and dissection technique [54].
Recovery of oocytes by aspiration of antral follicles, using an appropriate syringe and needle, it is possible to
recover oocytes by follicular dissection, but this method is three times slower than by follicular aspiration.
However, the slicing or dissecting method is reported to yield a better oocyte recovery rate than aspiration.
Collected ovaries were trimmed free of fatty and helical tissues, and pooled in a thermo flask containing phosphate
buffered saline (PBS) supplemented with penicillin-streptomycin 33 to 350C regardless of any phase of estrous
cycle and pregnancy and transported to the laboratory within 3 hours of slaughter [43]. An important aim of an
oocyte recovery method is to maximize the total number of oocytes and the yield of high-quality oocytes i.e.
evenly granulated cytoplasm surrounded by several layers of compact cumulus cells recovered per ovary, which
can be used for IVM, IVF, and in vitro culture (IVC) [35].
Retrieval of oocytes from ovarian follicle is important for undertaking novel reproductive biotechnologies in
current animal sciences. In mammals, less than 1% of ovarian follicles only develop into Graafian follicles where
intra-follicular oocytes meet a chance to mature [16]. Due to this limitation the use of advanced biotechnological
tools such as oocyte collection, in vitro oocyte maturation, in-vitro fertilization and in-vitro embryo production
are necessary to overcome the situations. Therefore, the aim of this paper is to review factors affecting oocyte
retrieval and in vitro maturation in bovine.

II. OOCYTE RECOVERY AND MATURATION
2.1. Oocyte Retrieval Process
Mammalian ovaries contain a large stock of gametes enclosed in primordial follicles. Oocytes are female
gametes that develop within ovarian follicles. Ovarian cyclic activity induces some of these follicles to initiate
growth towards a possible ovulation. However, most of these follicles terminate their growth at any moment and
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degenerate through atresia. In growing follicles, only a subset of oocytes is capable to supporting meiosis,
fertilization and early embryo development to the blastocyst stage, as shown through embryo in vitro production
experiments. During its early growth in pre-antral follicles, the oocyte stores specific gene products that will be
determinant for its ability to coordinate follicular growth and that will be required during early embryo
development after fertilization [34].
During folliculogenesis, the oocyte grows, undergoes modifications of its ultrastructure and stores the RNA
and protein materials necessary to finally become competent to resume and complete maturation, support
fertilization and initiate chromatin remodeling and embryo development. These different competencies are
sequential acquisitions during oocyte differentiation [45].
The number follicles growing in follicular waves of post-pubertal cattle are repeatable and moderately heritable
and the number of pre ovulatory follicles can be counted accurately by ultrasonography and can be used for genetic
selection or for identifying animals that will produce more oocytes through ovum pick up or super ovulation [12].
Retrieval of oocytes from ovarian follicle is important for undertaking novel reproductive biotechnologies in
current animal sciences. In mammals, only less than 1% of ovarian follicles develop into Graafian follicles where
intra-follicular oocytes meet a chance to mature [16]. The Immature oocytes in the form of cumulus-oocyte
complexes (COC) can be collected from live donor animals or directly from ovaries obtained from abattoir. There
are two main ways in which oocytes can be collected from live donors, surgically by laparotomy and aspiration
using a syringe and needle or using trans-vaginal ultrasound guided ovum-pick-up techniques [32].
Ovaries on the other hand can be obtained from local slaughterhouse either from individual cow or batch of
cows slaughtered at abattoir and transported to the laboratory within 2 hours in normal saline solution containing
penicillin, streptomycin, and Amphotericin B and ovaries washed three times in saline and each ovary was
individually processed and harvested by using method such as aspiration, dissection, slicing or puncturing of
visible surface follicles [54]. Immature oocytes in the form of cumulus-oocyte complexes (COC) can be collected
from live donor animals or directly from ovaries obtained from abattoir.

Fig. 1. Oocyte collection using ultrasound-guided Transvaginal aspiration.

Fig. 2. Oocyte collection using syringe and needle.
Source: (online source, 2017).

Source : (online source, 2017).
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In the case of ovaries obtained from abattoir or a deceased donor animal, the ovaries are generally transported
to the laboratory in physiological saline that contains some form of antibiotic to help prevent bacterial
contamination at approximately 22-24 ºC. The best results are obtained when oocytes are collected within 4-6
hours after slaughter. Oocytes can be collected from abattoir derived ovaries either by aspiration using a syringe
and needle or by “slashing” the surface of the ovary with a scalpel blade and collection of oocytes into a beaker.

Fig. 3. Collection of oocytes by “slashing,” complexes following

Fig. 4. Several immature bovine cumulus-oocyte the ovarian

collection.

surface.

Source (online source, 2017).

Source (online source, 2017).

Oocytes were classified according to their morphology in different grades, grade A immature (COCs) with an
unexpanded or intact cumulus mass having at three or more layers of dense cumulus cells, and with homogenous
cytoplasm; grade B COCs with 2–4 layers of cumulus cells, and with homogenous cytoplasm; grade C oocytes
partially denuded of cumulus cells and/or with irregular shrunken cytoplasm, and grade D oocytes completely
denuded of cumulus cells mature or degenerated oocytes as well as oocytes with irregular ooplasm presenting
dark areas [14, 50].
The ability to identify good quality oocytes is of considerable importance. The appearance of an oocyte and its
cumulus cells investment have been used to estimate or assess the developmental potential of the oocyte, i.e. the
ability of an oocyte to undergo normal maturation, fertilization and development to the blastocyst stage. Many
reports have indicated that classification of bovine oocytes, based on visual assessment of the compactness and
morphology of the cumulus, can be used to select immature oocytes most capable of maturation, fertilization and
cleavage in vitro [43].

2.1.1. Factors Affecting Oocyte Recovery and Quality
During their growth phase, oocytes undergo a marked increase in size due to the accumulation of cytoplasmic
proteins, mRNA, organelles and other macromolecules that will be required for the initiation of development [21].
These maternally stored factors provide the necessary information for cell division during fertilization and the
early stages of development. At this early stage, the induction of transcription inhibition does not prevent
embryonic cleavage, indicating the total dependence of early development on maternal factors [19].
A high oocyte quality is the pre-requisite for in vitro embryo production. However, an extremely heterogeneous
population of oocytes is commonly collected from ovaries to be used for in vitro technologies. Sources of
variability of the oocyte quality may be the age of these cells, the stage of the estrous cycle, hormonal patterns
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and biochemical characteristics of the follicular fluid, diameter and atresia grade of the follicle, follicular wave
and ovarian morphology [10]. This variability affects the efficiency of in vitro embryo production (IVEP).
Retrieved oocyte from a given ovary may also differ in quality; intrinsic quality of primary oocyte coupled to
maturation conditions used determines the rate of blastocyst production [41].
The recovery rate of oocyte, the quality and developmental competence in OPU IVF are influenced by different
technical and biological factors. Technical factors include vacuum pressure, needle diameter scanner resolution
and needle guidance system and experience of operator. Biological factors include the origin of the oocytes and
donor animal, hormonal pre-stimulation, timing and frequency of OPU sessions, follicular wave synchronization
and dominant follicle removal [24]. Quality of follicles and oocytes also affected by factors such as temperature
stress and energy balance. Certain pharmacological regimens can be used to increase number of oocytes harvested
through assisted reproduction technologies [12].
Ovum pick up (OPU) from live animals appears to be the means available for obtaining cattle oocytes on a
large scale. The oocyte yield in OPU depends upon the number of follicles available for puncture, which are
influenced by breed, climatic condition and nutritional status [33]. Cattle with vitamin-A before superovulation
resulted in production of more transferrable embryos [42]. Vitamin-A works directly on the oocyte, because
incubation of heat-stressed oocytes with retinol prevented the adverse effect of heat stress on development of
oocytes to the blastocyst stage [31].
The natural precursor for Vitamin-A is β-carotene, and when it was combined with Vitamin-E and injected into
cows and heifers undergoing superovulation, it increased the quality of embryos in cows, but not heifers [37], this
differences in responses between heifers and cows could be due to changes in cellular integrity associated with
aging, lactation status, nutritional status or other factors.
In mono-ovular species, follicular development is characterized by selection of a dominant follicle destined to
ovulate from a cohort of growing follicles, and initiation of atresia in those remaining in the cohort. After a
dominant follicle has been selected in a spontaneous ovulatory cycle, secondary follicles are generally thought to
be atretic with only the dominant follicle possessing the appropriate hormonal milieu necessary to achieve oocyte
maturity and ovulation. It is believed that development of a dominant follicle suppresses subordinate follicles and
new growth of small follicles occurs only after the dominant follicle has ceased growing [39].
Follicle can profoundly influence the quality of the oocyte at ovulation and, as a result, the quality of embryo
obtained. This can be characterized by different developmental competence through the ability to resume meiosis,
ability to cleave following fertilization, ability to develop to the blastocyst stage, ability to induce a pregnancy
and bring it to term and the ability to develop to term in good health. The different follicular phases also influence
oocyte competence; the pre-antral phase, growing phase (FSH dependent and independent), early and late atretic
phase, dominant phase, plateau phase, pre-ovulatory phase and the post LH phase [45].
It has been believed that a dominant follicle suppresses subordinate follicles and initiates atresia of the small
follicles. However developmental competence of bovine oocytes from small antral follicles is not affected either
by the presence of a dominant follicle or by the phases of folliculogenesis [15].
Follicular characteristics associated with developmental competence of oocyte, such as follicular size, follicular
health, hormonal profile, and ovarian status. Although these studies offer important clues regarding the follicular
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traits associated with developmental potential, it has been impossible to create ideal in vitro conditions to produce
100% competent COC. Altering follicular development to produce a cohort of large, healthy follicles, oocyte
maturation may very well be affected, resulting in a large population of COC that appear healthy but that remain
developmentally incompetent [8].
According to [8] inducing follicular growth is to simply increase the number of medium-and large-sized
follicles is not sufficient to produce maximal numbers of competent COC. Induction of a pre-ovulatory type
follicular environment is necessary to trigger COC to complete their cytoplasmic maturation so that oocytes are
developmentally competent even before maturing them in vitro and this suggests that inducing follicular
maturation does not necessarily result in oocyte competence.
During antral follicular growth, GDF-9, BMP-15 and BMP-6 promote granulose cells proliferation and
modulate their sensitivity to FSH, thus participating to the selection of the dominant follicle [29] In addition, it
has been shown recently in bovine that oocyte-secreted BMP-6 and BMP-15 are protecting cumulus cells against
apoptosis occurring during culture of cattle COC [26] and GDF-9 prevents premature differentiation
(luteinization) of bovine granulose cells [46]. Recently, JY-1 has been discovered as another oocyte-specific
secreted factor modulating granulose cell functions [7], highlighting again the central role of oocyte and OSF in
the regulation of follicular growth.
Somatic follicular cells have a great role in the establishment of oocyte competence. Cumulus cells are
participating to oocyte meiotic arrest and resumption and oocyte metabolism (glutathione storage, glucose
metabolism). They also participate to oocyte capture by infundibulum after ovulation and to fertilization regulation
[52]. In addition, the oocyte is able to regulate surrounding somatic cells function through the modulation of their
metabolism. Subtractive suppressive hybridization allowed to identify six genes involved in glycolysis that were
over expressed in mouse cumulus cells as compared with mural granulosa cells of antral follicles and this over
expression was dependent on the presence of the oocyte or of OSF [48]. More recently, it has been established
that this oocyte regulation of cumulus cells glycolysis is mediated by GDF-9 and FGF-8 OSF cooperation [49].
Oocyte competence also affected by follicular synchronization with GnRH followed by the follicular puncture,
the number of cleaved embryos was lower in GnRH treated animals than not treated. However, this decrease in
treated animals was not observed in heifers with GnRH in the late phase of the estrus cycle that decreased in the
number of cleaved embryos and blastocyst production in animals treated with GnRH in the early phase of the
estrus cycle may suggest that the oocyte competence is reduced when GnRH administered in the early phase of
the estrus cycle [30].
According to [24] heifer received three synchronization treatments (PGF, PGF + DFR, cresrar + DFR) in
subsequent repetition (OPU 1, OPU 2, OPU 3) following FSH stimulation of ovaries. There were no significant
differences between the treatment groups were observed in terms of cleavage rate on Day 2, morula /blastocyst
rate on Day 7 and hatched blastocysts rate on Day 9.
Exogenous gonadotropins stimulation treatments prior to OPU can maximize the number of follicles suitable
for puncture per aspiration from superior cows. Oocyte yields in OPU depend upon the number of large enough
follicles (≥3 mm) available for puncture. The response of ovary, follicle number in ovaries and oocyte quality are
affected by the type of exogenous gonadotropin, in which Holstein cows stimulated with eCG and FSH treatments
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that FSH having better alternative than eCG for OPU treatment [40].
Ovum pick-up frequency and stimulation follicle using FSH has an effect on beef cattle in vitro embryo
production, i.e. embryo production in non-stimulated OPU sessions, which was per 2-week period, is lower than
that in one stimulated OPU session every 2 weeks, whereas the average follicle and COC production per 2-week
period are lower in stimulated than in non-stimulated sessions, the percentage of blastocyst development is higher
per stimulated session. FSH stimulation prior to OPU can be a good approach for in vitro embryo production on
the condition that animals react to the stimulation [18].
Another factor in which oocytes are affected by was through efficacy of collection methods, aspiration and
slicing on yield of bovine oocytes, where slicing was more efficient technique than aspiration, which led to
excessive COC losses, on the availability of good quality oocytes and total number of oocytes obtained per ovary.
Slicing will be useful when the aim is to salvage oocytes from cows of high genetic potential, or to achieve high
numbers of COCs and employed in in vitro production of embryos in the circumstances which might be important
due to factors such as restrictions on the slaughter of female cattle or on the time of ovary harvesting [9, 43].
The recovery of oocytes using the slicing and puncture techniques yielded more oocytes per ovary than
aspiration methods. The rate of nuclear maturation of the oocytes was not affected by different oocytes collection
methods and oocytes showed no influence on subsequent embryonic developmental competence after IVF [54].
Recovery of oocytes by trans-vaginal ultrasound-guided follicle aspiration once or twice a week for up to 12
weeks does not affect subsequent response to superovulation and embryo recovery or the occurrence of estrus.
The number of oocytes recovered per session is not affected by increasing the frequency or duration of follicle
aspiration [13].
Donor cow influences the quality of the oocyte, as measured by its ability to develop to the blastocyst stage in
vitro. There is distinctive variation in number of oocytes recovered by ovum pick-up per cow as ‘good’ or ‘bad’
oocyte producers and blastocyst production, with cows showing a phenotype of ‘good’ or ‘bad’ blastocyst
producer, revealing that influence of donor cow/ maternal influence on the number of oocytes recovered and
blastocyst formation rate using repeated ovum pick-up and IVF on the same cows, from different genetic origins,
with semen used did not influence extreme phenotypes for blastocyst rate on bovine embryo development [50].
In cattle, the age of the donor also influences oocyte quality that oocyte collected from pre-pubertal calves have
been shown to be less competent as compared with their adult counterparts [28].

2.2. In-vitro Oocyte Maturation
In vitro oocyte maturation is the stage at which oocyte capacitated to undergo fertilization by placing the oocyte
into different maturation medium. In vitro maturation (IVM) can provide a large number of competent oocytes to
support embryo development up to term and is useful for livestock production in farm animals and in clinical
practice. In most mammalian species oocyte maturation, is a final step of female gamete development occurs
before ovulation [25].
In vitro oocyte maturation is critical for the acquisition of full developmental competence. Oocyte released
mechanically from its antral follicle when IVM is performed, this release in turn triggers meiotic resumption and
results in maturation of the oocyte and arrest at metaphase II. This process has been designated ‘spontaneous’ or
‘pseudo’ maturation and has been attributed to the removal of inhibitory factors from the follicle rather than active
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processes [4].
Once ovaries collected from cycling heifers or cows after slaughter within 30 min and transport to the laboratory
at 30-35°C in transportation medium and washed with transportation medium. Follicular fluid from 3-6mm
follicles aspirated using an 18-gage needle on a 10-ml syringe in stand tubes containing follicular fluid at room
temperature for 10–15 min aspirate the precipitate and Transfer into Petri dish and Centrifuge supernatant at 3000g
within 10 min at room temperature to obtain clear follicular fluid. After performing this, use stereomicroscope
and select oocytes with at least five layers of compact cumulus cells and belonged to grade 1–3 and rapidly wash
oocytes three times in oocyte wash medium. Transfer selected oocytes into 50µL droplets (10 oocytes/ drop) of
maturation medium overlaid with of mineral oil Petri dishes and Culture oocytes for 24 h at 38.5°C under 5%
CO2 and 95% air atmosphere with saturated humidity [44] in table 1.
Table 1. Duration of In-Vitro Oocyte Maturation in Various Species.
Species

Duration of oocyte maturation (hours)

Cow

21-24

Pig

40-44

Horse

24-48

Human

28-36

Mouse

16-17

The oocytes were washed three times with the in vitro maturation (IVM) medium that consisted of TCM-199
supplemented with 10% FBS, 5 µg/ml follicle stimulating hormone (Folltropin), 1µg/ml estradiol-17ß and 0.2mM
sodium pyruvate. The recovered oocytes, irrespective of their grade were matured in 50 µl droplets of the IVM
medium, covered with paraffin oil, in 35mm Petri dish for 24 h in a CO2 incubator (5% CO2 in air) at 38.5 oC
[33].
Different biochemical pathways are involved in oocyte maturation, which culminates in cumulus expansion
and cytoplasmic and nuclear maturation, reflected by acquisition of complete developmental Competence [51].
Oocyte maturation includes nuclear and cytoplasmic maturation, which are controlled by a multitude of molecular
factors, and both are required for developmental competence of an oocyte. During nuclear maturation, oocytes
resume meiosis from Prophase-I to germinal vesicle breakdown, undergo Metaphase-I and progress through
Anaphase-I/Telophase-I to Meta-II stage [20]. Cytoplasm maturation includes organelle redistribution,
cytoskeleton dynamics, and molecular maturation events that change maternal storage of RNA, proteins, and
metabolites [23].
Energy metabolism is crucial for oocyte maturation because progression through all dynamic processes requires
a lot of energy from various substrates including carbohydrates, amino acids, and lipids. To complete meiosis and
to achieve full maturation, the oocyte requires energy from both carbohydrates and lipids. This energy can be
provided from internal storage inside the COC and external energy sources from follicular fluid or from culture
media in vitro [38] there are different levels of oocyte maturation which occur intra-oocytes events including
meiotic maturation, cytoplasmic maturation and molecular maturation. In meiotic maturation, the cascade of
nuclear events that is induced either by the LH surge or by the removal of the oocyte from its follicular
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environment, the removal of inhibitory substance, maturation promoting factor (MPF) i.e. synthesized and/or
activated protein complex depending on the species [45].
Cyclic adenosine monophosphate (cAMP) involved in many cellular functions maintaining meiotic arrest invivo by inactivation of maturation promoting factor (MPF) and by stimulating cAMP-dependent protein kinase A
(PKA). Since the oocyte receives cAMP from the adjacent cumulus cells via gap junctions, the lower cAMP levels
associated with lower developmental capacity in pre pubertal oocytes have been linked either to decreased
LH/FSH ovarian receptor expression. When the oocyte is mechanically released from the antral follicle for in
vitro maturation, intra-oocyte cAMP levels decrease and meiotic resumption begins non-physiologically, via
“spontaneous” or “pseudo” maturation, attributed to the removal of inhibitory factors from the follicle rather than
active processes [5]. In vitro handling and culture conditions cause oocytes and embryos to oxidative stress
resulting from events such as exposure to light, elevated oxygen concentrations and unusual concentrations of
metabolites and substrates. It is important to protect oocytes from oxidative stress during in vitro maturation
(IVM). One approach is to supplement the medium with antioxidant compounds, many different free radical
scavengers have been examined their potential protection against oxidative stress revealed on mammalian
embryos subjected to in vitro culture systems, but effects of culture media supplementation with tested
antioxidants or free radical scavengers on oocyte and/or embryo quality and consequent development are not
consistent and lead sometimes to contradictory conclusions [1].

2.1.1. Factors Affecting in-Vitro Maturation of Oocytes
There are different factors affecting oocyte maturation. Cumulus cells are known to play a crucial role during
oocyte maturation. Cumulus cells during maturation are essential for acquiring developmental competence by
oocyte in vitro. The type of medium and supplements which is used for IVM may influence rate of cumulus cell
expansion [2].
In bovine oocytes from pre-pubertal females (6-9 month old) appear to have a functional cAMP system, similar
to their adult counterparts; with their cellular, molecular and epigenetic features revealed only few differences
between the two types of oocytes. Cyclic AMP increment in pre pubertal and adult oocytes prior to IVM delayed
meiotic progression [5].
Epigenetic processes during embryo development are influenced by IVM protocols (TCM 24 slicing, TCM 24
aspiration and cAMP 30 aspiration), oocyte retrieval (aspiration, slicing) system and that the addition of cAMP
modulators in conjunction with an extended IVM may have a positive influence on embryo quality, probably
associated with sustained levels of cAMP in oocytes and the surrounding cells [4].
Melatonin, an indole derivative secreted rhythmically from the pineal gland, plays a major role in regulating
the circadian clock in mammals; this molecule has major effects on the reproductive physiological processes in
mammals. Mostly for seasonal breeder as well as its metabolites are indirect antioxidants and powerful direct
scavengers of free radicals [36] when supplemented in maturation medium. According to [22] melatonin cannot
improve cumulus expansion, but had no detrimental effects on cumulus cells expansion and pri-vetilline space
formation and melatonin may affect oocyte meiotic maturation at metaphase-1 stage when melatonin
concentration is high, and it is improbable that melatonin may be toxic for meiotic maturation of bovine oocytes.
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III. CONCLUSION AND RECOMMENDATIONS
In general, application of reproductive biotechnology in animals is intended to reduce the huge economic losses
encountered through reproductive inefficiency. The use of ovum pick up from donor ovaries of live or slaughtered
animals and in vitro maturation of oocyte is by manipulating germplasm as an alternative means to produce
embryos. These modern techniques are influenced by several factors such as the intrinsic within the oocyte,
follicular environment, collection techniques, hormonal factor, temperature and in vitro maturation protocol and
type of supplement to maturation medium. Therefore, to obtain good quality embryos in vitro through in vitro
fertilization and in vitro culture; selection of proper donor or candidate animal, use of appropriate materials during
collection and maturation of oocyte and skilled and experienced expertise are compulsory.
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