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Factors affecting in vitro maturation of bovine oocytes 

 
Preeti, Anjali, Akshata Patil, Rajeshwari, Abhishek Bhardwaj and 

Jayanthi KV 

 
Abstract 
Reproductive biotechnologies and genetic improvement programmes, have emerged as a strategy for 

increasing animal production. Ovum pick-up (OPU) has evolved as popular reproductive biotechnology 

in cattle from super stimulation and boosts maternal contribution to genetic improvement. OPU leads to 

significant genetic selection, and has decreased the time interval between generations and increased herd 

productivity. Following in vitro maturation (IVM), the majority of oocytes (90%) will enter metaphase II 

(M-II) and extrude the first polar body; about 80 percent will progress through fertilization and cleave to 

the two-cell stage. However, only 30–40 percent of embryos will ever develop into blastocysts. This 

would imply that the lengthiest phase of the in vitro embryo production process, the post-fertilization 

phase, is the key factor affecting blastocyst output. This is incorrect, as the percentage of immature 

oocytes those form the blastocyst is determined by events that occurred earlier along the developmental 

axis. The quality of blastocysts that do form is greatly influenced by the post-fertilization culture period, 

with in vitro created blastocysts continuously being of lower quality than their in vivo produced 

counterparts. The task is to alter the settings in our in vitro cultures for producing embryos in an effort to 

replicate those that naturally occur in vivo and so enhance blastocyst quality. 
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Introduction 

The OPU-IVF process becomes even more important due to the existing ban on cow slaughter 

on the Indian subcontinent. OPU-IVF is a significant assisted reproductive approach for 

generating a more offspring from high-quality cattle, permitting increased selection intensity 

and shorter generation intervals the use of young heifers. In the cattle breeding and embryo 

transfer industries, the oocyte retrieval method and in vitro embryo production (IVEP) have 

proven to be useful innovations. Variability in the quality and developmental competence of 

retrieved oocytes and their developmental potency rests a foremost concern (Duszewska & 

Reklewski, 2000) [11]. 

 

Oocyte competence Cytoplasmic and nuclear maturation 

Oocyte maturation cycle requires nuclear and cytoplasmic maturation. Between 21 to 24 hours 

following the start of IVM, the majority of buffalo oocytes reach nuclear maturity. Oocyte 

maturation conditions in synchronous to the sperm is crucial for successful fertilization. 

Sperm-oocyte co-incubation of 16 hours is essential for maximal blastocyst yields, while 

cleavage and blastocyst rates linearly decline as in vitro maturation time surges from 18 to 30 

h (Gasparrini et al., 2008) [13]. Oocytes in follicles are in a dormant germinal vesicle (GV- 

prophase-I of meiosis) stage when punctured by OPU. Oocytes retrieved by OPU or 

slaughterhouse matured are immature oocytes resting at prophase stage after puberty is 

attained, the first meiotic division is completed under physiological conditions. Germinal 

vesicle breakdown (GVBD) is a breakthrough that an oocyte achieves after resuming meiosis, 

at Post LH surge and before each ovulation and is an indicator of nuclear maturation. With 

GVBD, first polar body, which comprises half number of chromosomes, protrudes from the 

cell, and the cell cycle is once more stopped at the metaphase-II. Oocyte maturation is the 

return of the first meiotic division, progression to M-II, expansion of the cumulus, and ensuing 

cytoplasmic modifications necessary for the oocyte to be capable of appropriate fertilization 

(Smith, 2001) [48]. The newly created embryo's first mitotic cell division is triggered by 

ooplasm, which also encourages the formation of the male pronucleus and rewires the nucleus 

of the fertilizing spermatozoon. Nuclear, cytoplasmic, and membrane components are all 

necessary for complete oocyte maturation (Eppig, 1996) [12]. 
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It is simple to recognize that maturation of nuclear requires 

the progression and continuation of meiosis up until the 

metaphase-II. Chromosomal segregation is primarily involved 

in nuclear maturation, whereas organelle reconfiguration and 

storage of mRNAs, proteins, and transcription factors that are 

involved in the overall maturation, fertilization, and 

embryogenesis are involved in cytoplasmic maturation. 

All oocytes are ineligible to undergo fertilization to begin 

early embryo development at the meiotic competence stage. 

In the course of follicular expansion, acquisitions appear to be 

progressive. Throughout folliculogenesis, the proportion of 

capable oocytes rises, but only a small number of oocytes 

complete the process by becoming fully competent, as the 

majority of follicles are lost due to physiological atresia that 

takes place throughout the growth phase. According to 

Mermillod et al. (2008) [34], the progression of the proportion 

of competent oocytes in the population of developing follicles 

is explained by the accumulation of factors (messengers, 

proteins) essential to the success of early developmental steps, 

the selection of healthy oocyte-containing follicles in 

increasingly selective hormonal environments, and 

challenging interfollicular regulation. 

 

Physiological factors  

a. Effect of follicle size and stage of follicular wave 

The amount of blastocyst cells was unaffected by follicle size. 

The rates of meiosis resumption, the pattern of protein 

neosynthesis, and the transcriptome profile were unaffected 

by follicle size. Small follicle-derived blastocysts experienced 

a delayed cavitation and growth. Although no differences 

could be seen directly at the oocyte level, higher 

developmental competence for oocytes from follicles 6 mm 

versus 4 mm was shown in lab experiments (Lequarre et al., 

2005) [26]. 

Pavlok et al. (1992) [39] observed that bovine oocytes taken 

from follicles with a diameter of less than 2 mm did not 

progress to the blastocyst stage. Oocytes recovered from 

follicles 2-4 mm and 4-8 mm in diameter have been 

demonstrated to have equivalent developmental capabilities. 

However, no change in oocyte developmental potential in 

cattle follicles with diameters of 2 mm and larger (Pavlok et 

al., 1993; Tan & Lu, 1990) [40, 50]. 

In both the growth phase and the dominant phase, the mean 

number of all counted follicles and the total number of usable 

oocytes collected per donor were comparable, but the mean 

number of embryos per donor and the rate at which oocytes 

developed into blastocysts were higher in the growth phase 

than in the dominant phase (p<0.01). In the dominant phase, 

which was less efficient for oocyte collection, both the 

quantity of oocytes from medium follicles and the 

developmental competency of oocytes from small follicles 

decreased (Machatkova et al., 2004) [28]. Oocyte 

developmental competence is influenced by the follicular 

wave, stage at which OPU is performed. Ability of an egg to 

develop into a blastocyst on days 2 and 5 of the follicular 

wave was high (27 percent and 29 percent, respectively), but 

low on day 8 (15 percent). This suggests that at a somewhat 

late stage of dominance, the dominant follicle lowers the 

developmental competence of oocytes from inferior follicles. 

The dominant follicle formed 3 to 5 days following the start 

of a new wave and reached its greatest size on day 5 

(Hendriksen et al., 2004) [16]. 

The competence of oocytes from subordinate follicles is 

negatively impacted by the dominant follicle (Hagemann et 

al., 1999) [15]. Dominant follicle puncture was used to start the 

follicular wave in heifers at various points of the oestrous 

cycle. In the absence of a dominant follicle the proportion of 

oocytes that matured into blastocysts was higher (day 2 and 

10: 44.8 percent blastocysts), than in the presence of a 

dominant follicle (day 7 and 15: 36.0 percent blastocysts). PG 

induced oestrus resulted in considerably low blastocyst rate in 

oocytes collected on day 1 than on days 2 and 3 (12.8 versus. 

27.8 and 27.5 percent, respectively) (Machatkova et al., 2000) 

[27]. 

The prematuration theory, which holds that oocytes acquire 

developmental competence during the prematuration stage, 

provides a plausible explanation for the findings. Despite the 

fact that prematurity can occur during follicular atresia, it 

usually does so at the conclusion of preovulatory 

development, just before the LH surge (Sirard et al., 1999) [47]. 

 

b. Effect of oocyte donor age  

Oocyte competence is affected by the age of the female 

donor. Compared to oocytes recovered from sexually mature 

females, oocytes recovered from prepubertal females have 

lower developmental potential (Ledda et al., 2001) [25]. In 

cattle (Revel et al., 1995) [44], pigs (Grupen et al., 2003) [14], 

and sheep (O'Brien et al., 1997) [38], the rate of blastocyst 

development is lowered in prepubertal oocytes. Prepubertal 

female porcine oocytes that reach the blastocyst stage result in 

embryos with less trophectoderm and total cells (Grupen et 

al., 2003) [14] and lower birth rates in sheep (Quirke & 

Hanrahan, 1977) [43] than mature female oocytes. There is 

evidence of early cleavage failure and an inability to resolve 

the maternal-embryonic transition (Armstrong, 2001) [2]. 

Visual and subjective ovarian morphology in cattle up to 17 

years of age reveals the impact of age on ovarian morphology 

indicate a decrease in the number of follicles but no 

differences in oocyte quality (Ka̧tska & Smorag, 1984) [22]. 

Studies demonstrated that embryonic development in cows 

older than 12 years is declining (Dias et al., 2014) [8]. Malhi et 

al. (2005) [30] found that in aged cows, the number of follicles 

recruited per follicular wave was lower, circulating estrogen 

concentrations were higher during the follicular phase, and 

CL diameter and progesterone concentrations were lower than 

in young cows. In older cows with two follicular wave cycles, 

the ovulatory follicle width gets shrunk (Malhi et al., 2005) 

[30]. Due to a reduced number of follicles recruited and their 

ability to expand successively into larger categories, aged 

cows experienced fewer ovulations than young cows, in a 

study utilizing a super ovulatory animal model (Malhi et al., 

2006, 2008) [32, 31]. Oocyte competence was impaired in older 

cows, resulting in fewer embryos and a larger proportion of 

unfertilized oocytes than in younger cows (38 versus 71 

percent) (Malhi, 2007) [29]. During the processing of in vitro 

embryos, oocytes collected from elderly cows showed 

reduced growth, with less capacity to mature and fertilize 

successfully (Iwata et al., 2011) [18]. Age of the cow and 

cleavage status are negatively correlated. Results clearly 

demonstrate that aged cattle have lower oocyte competence 

(Takeo et al., 2013) [49]. In donors aged 5 to 8 months, the 

total number of follicles was considerably greater (p<0.05), 

and in donors aged 9 months, the total number of follicles 

tended to be higher (p = 0.053). Fewer embryos reached the 

Morula and blastocyst stages when oocytes from donors aged 

5 to 10 months were used. Younger animals can produce 

more oocytes, but their lower developmental competence 

cancels out this benefit (Landry et al., 2016) [24].  
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c. Developmental competence of OPU derived versus 

abattoir derived oocytes  

Technique of oocyte retrieval has an impact on their 

developmental capacity. Increased developmental capability 

of oocytes produced from OPU versus slaughterhouse 

matured has been hypothesized to be owing to the little 

contact to environmental strain (Neglia et al., 2003) [36]. The 

time between peritoneal cavity ablation and laboratory 

processing is greater for oocytes obtained from 

slaughterhouses, and they are more prone to cellular damage 

caused by autolytic processes, particularly when they are kept 

in excised ovaries for an extended period of time. Oocytes 

acquired by OPU mature faster in a maturation medium than 

ovaries collected from abattoirs. Follicular population 

decreases to zero by aspirating all visible ovarian follicles 

during OPU, a fresh follicular wave starts, and in succeeding 

follicular aspiration 4 days later does not allow dominance to 

be established, results in enhanced oocyte competence and 

greater embryo production (Boni et al., 1994) [4]. OPU-

derived blastocysts have considerably larger amount of inner 

cell mass (ICM) cells than the slaughterhouse-derived oocytes 

(Karadjole et al., 2010) [21]. Number of inner and outer cell 

mass of blastocyst is a critical element in optimal 

development.  

 

d. Effect of OPU frequency on developmental 

competence 

There was no difference in the typical COCs/follicles 

retrieved, however the recovery rate of the oocyte was higher 

after a twice-weekly aspiration session than after a once-

weekly one (48.24 versus 71.08%). The frequency of oocyte 

collection, however, affects the developmental competence of 

in vitro oocytes. OPU sessions result in higher efficiency with 

twice a week rather than once a week (23 versus 11 percent) 

(Ding et al., 2008). Oocytes collected at a distance of 3-4 days 

twice a week rather than once a week, resulted in higher 

number of good-quality oocytes, those are capable of 

maturing to the blastocyst level (Merton et al., 2003) [35]. 

Oocytes collected twice a week lead to more homogeneous 

oocyte population and better quality (Merton et al., 2003) [35]. 

OPU conducted once a week instead of every 3–4 days 

resulted in lower blastocyst rates. Dominant follicle is 

unlikely to exist due to increased OPU frequency (Petyim et 

al., 2003) [41]. According to Salamone et al. (1999) [45], In 

comparison to the first wave, COC competency increased. 

Compared to COCs on days 1-2 or 3-4 of the follicular wave, 

COCs on days 5 and 6 of the follicular wave had a higher 

incidence of expanded cumulus. The best recovery and oocyte 

quality of a donor cow could be achieved with twice-weekly 

OPU sessions and a three-month rest period, respectively 

(Kang et al., 2019) [20]. 

 

e. Role of cumulus cells  

Oocytes containing above three layers of cumulus cells 

exhibit maximum maturation rate irrespective of their 

retrieval method. The maturation of bovine oocytes is 

significantly influenced by COC morphology (Kakkassery et 

al., 2010) [19]. COCs with different cumulus cell layers (up to 

five layers), that are compact or slightly enlarged, with or 

without dark regions in the oocyte and cumulus, are the best 

selection points (Aguila et al., 2020) [1]. Lack of COC during 

IVM impairs the oocyte's lipid metabolism and causes less-

than-ideal cytoplasmic maturation. By controlling local fatty 

acid synthesis and lipolysis to supply energy for maturation, 

COC direct the oocyte's use of nutritional store (Auclair et al., 

2013) [3]. Cumulus cell presence and glutathione (GSH-

Antioxidant) content are closely connected (Yamauchi & 

Nagai, 1999) [51]. The stimulatory effect of cysteine and 

cysteamine on GSH synthesis in Cumulus Oocyte Complexes 

(COC's) was influenced by cumulus cells. 

Oocyte maturation, fertilization and in vitro developmental 

stages were significantly slower when cumulus cells were 

eliminated before maturation. Cumulus cells removed before 

IVF or 7 hours after IVF decreased fertilization, cleavage 

development, morula and blastocyst formation. Cumulus cell 

elimination at 20 h after IVF produced development that was 

comparable to controls at all stages. On or before 7 hours after 

IVF, the COC’s appear to be advantageous, but not necessary, 

by 20 hours following IVF (Zhang et al., 1995) [53]. 

 

Laboratory factors 

Apart from the physiological factors, there are laboratory 

factors like, effect of media (Tissue culture media-199, 

synthetic oviduct fluid-SOF), serum (foetal calf serum-FCS), 

gas atmosphere (5% O2, 90% N2 and 6% CO2) and duration 

of maturation influence the in vitro maturation of bovine 

oocyte. Addition of FSH, LH, estrogens and antioxidants in 

the maturation media has been linked to the ability to be 

fertilized and grow normally in vitro and it may not even 

represent the true follicular environment during in vivo 

maturation (Younis et al., 1989) [52].  

Addition of foetal calf serum (FCS), hormones, and other 

beneficial components to the maturation medium significantly 

increases mature oocyte quality (Brackett & Zuelke, 1993) [6]. 

Among the several serum components, glucose has a critical 

role in maturation. In the absence of glucose in the serum, 

ovum resumes meiosis but unable to reach M-II (Kimura et 

al., 2008) [23]. Biologically active substances, such as FSH, 

and other growth factors are added to in vitro maturation 

techniques to enhance oocyte and embryo quality (Brackett, 

2001) [5]. 

Period of IVM plays a key role in affecting the generation of 

mammalian embryos in vitro (Marston & Chang, 1964) [33], 

due to improper maturation timing leads to aberrant chromatin 

(Dominko & First, 1997) [10], oocyte ageing (Hunter & Greve, 

1997) [17] and diminished growth. Sperm can reach oocytes 

before they are fully matured (Chian et al., 1992) [7], and 

subsequent development is often limited. The finest time for 

IVF is at conclusion of meiosis, which can take anywhere 

between 18 and 24 hours in cattle (Sirard et al., 1989; Neglia 

et al., 2001) [46, 37] and 36 to 48 hours in pigs (Prather & Day, 

1998) [42] depending on the species. 

 

Conclusion 

Although achieving established parameters is a laudable 

objective, it is evident that blastocysts produced by IVM are 

of subpar quality, as it is almost impossible to control the 

physiological factors and mimic in vivo maturation. However, 

laboratory factors viz, maturation media and supplements, 

duration of maturation, gaseous condition (incubator setup) 

can be controlled and in vitro maturation can be improved. 
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