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Article 
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Viable Bovine Embryos with No Apparent Adverse 
Effects on Donor Health 

Alysha Guest, Farzaneh Salek, Chinju Johnson, John P. Kastelic and Jacob Thundathil * 

Faculty of Veterinary Medicine, University of Calgary, Calgary, AB, T2N 4N1, Canada  

* Correspondence: jthundat@ucalgary.ca; Tel.: +403-220-8244 

Summary Increasing global demand for animal proteins warrants improved productivity by genetic selection 

of superior cattle and faster dissemination of their genetic material. Availability of more progeny for genomic 

selection should maximize chances of identifying animals with desirable traits, as this will increase selection 

pressure. However, repeated ultrasound-guided oocyte aspiration (ovum pick-up) and In Vitro Production of 

embryos using these oocytes could substantially increase the number of calves produced compared to 

conventional embryo transfer. In this study we established an efficient procedure for in vitro production of 

embryos, evaluated freezability of these embryos, established a procedure for successful superstimulation and 

recovery of cattle eggs, and evaluated developmental competence of in vitro produced embryos through 

embryo transfer. Our study also provides insights into the effect of repeated ovum pick-up procedure on the 

health of donor cows. 

Abstract Objectives of this study were to investigate effects of repeated superstimulation on the success of 

ovum-pick up and in vitro production of embryos (OPU-IVP) and donor health and evaluate the efficiency of 

a modified SOF sequential medium in producing viable embryos. Over 1 y, six cross-bred beef heifers and three 

beef cows were subjected to superstimulations and OPU-IVP. Oocytes recovered were used for in vitro embryo 

production and the resulting embryos were transferred as fresh or frozen-thawed. Number of follicles, oocytes 

recovered, cleavage and blastocyst rates substantially varied among individuals. However, repeated trials did 

not significantly affect the efficiency of OPU-IVP. The pregnancy rates (PR) 22 to 30 d after embryo transfer for 

in vitro-derived fresh embryos was similar to that of fresh in vivo embryos, whereas transfer of in vitro-derived 

frozen embryos reduced PR compared to frozen-thawed in vivo embryos. All recipient heifers diagnosed 

pregnant delivered a viable calf, suggesting developmental competence of the embryos. Repeated OPU-IVP 

had no apparent deleterious effects, as all donors had viable calves after ET. We concluded that multiple OPU-

IVP cycles can be effectively performed for a prolonged interval to maximize embryo production from elite 

donors without compromising their reproductive health.  
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1. Introduction 

A burgeoning population requires increases in food production and cattle productivity. Existing 

and emerging reproductive technologies, including in vitro production (IVP) of embryos, are 

fundamental to propagating elite cows, improving productivity and global dissemination of superior 

genetics [1].  

Traditional embryo transfer (ET) is commonly used to propagate offspring from superior beef 

and dairy cattle. However, reproductive efficiency can be increased several-fold by repeated 

ultrasound-guided ovum pick-up and in vitro production of embryos (OPU-IVP). Oocytes recovered 

by OPU can be fertilized with sperm from more than one bull or with sexed semen (with no reduction 

in fertility) [2,3]. Moreover, generation interval can be reduced, as OPU can be done before puberty 

or up to 3 mo of pregnancy. In addition, OPU-IVP is a viable option for cattle with reduced fertility 
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due to reproductive tract pathology, impaired sperm transport, or terminal disease [4]. Clearly, OPU-

IVP could substantially increase number of calves produced compared to conventional ET, boost 

livestock productivity and environmental sustainability, due to fewer cattle and less greenhouse gas 

emissions [5]. 

Although global in vivo bovine embryo production due to ET has largely stabilized, in vitro 

production of bovine embryos was 31.5% higher in 2021 versus 2020 (International Embryo 

Technology Society data) [6], with 34.5 and 37.0% increases in North and South America, 

respectively. Canada consistently ranks within the top 10 countries globally in exporting beef and 

other cattle products. Canada has ~ 11.5 million cattle (9.5 million beef and 2 million dairy), with > 

40% of Canada’s beef herd in Alberta [7,8]. 

In vitro embryo production has enhanced genetics and production in dairy and beef, with OPU-

IVP used mainly in dairy. Lactating dairy cows generally have lower oocyte quality, fertilization rate, 

and compromised development of early blastocysts, attributed to lactational metabolic challenges, 

and more metabolic and infectious diseases during the postpartum period [9,10]. In addition, high 

milk production hastens steroid metabolism, reducing progesterone and estradiol concentrations and 

decreasing estrus expression [11]. Thus, the OPU-IVP and superstimulation approach is growing, 

due to its greater efficiency in embryo production [12]. Also, sex-sorted sperm is used to produce 

female embryos from young heifers with high genetic value [13,14]. 

The goal of IVP is to replicate the maternal reproductive tract. Oocyte quality is critical, with 

breed differences [2]. The success of OPU-IVP can also be influenced by other factors, including donor 

age, nutritional status, milk yield, parity, lactational status, management, etc. [15–17]. Synchronizing 

follicular waves and stimulating them with follicle stimulating hormone (FSH) enhance oocyte 

quality and promote blastocyst formation [13], with follicle number and size positively affecting 

embryo production [18]. Additionally, sperm preparation is crucial for IVF, to eliminate seminal 

plasma and choose highly motile sperm. 

OPU can be done in cattle with or without superstimulation, with the latter routinely done twice 

weekly [19,20] for long intervals without affecting donor cow fertility or well-being, preventing 

dominant follicles that reduce developmental competence of cumulus-oocyte complexes (COCs) 

[21,22]. Furthermore, hormonal stimulation increases number of COCs and rates of cleavage, morula 

and blastocyst formation [23].The usual regimen is FSH twice daily for 4 or 5 d [24]. In cattle, inducing 

ovarian stimulation and subsequently allowing a period of gonadotropin-free rest, commonly 

referred to as "coasting," can improve oocyte quality and blastocyst yields [25]. Coasting improves 

OPU/IVP results., e.g., an 80% blastocyst rate in females given six injections of FSH followed by 48-h 

coasting [23,26,27]. Limited studies have been conducted on OPU donors undergoing 

superstimulation, and the consequences of repeated superstimulation and egg retrieval on donor 

health and well-being, as well as the success of OPU-IVP, are still not fully known. There are concerns 

OPU may reduce animal welfare. Repeated OPU is mildly invasive [28,29]; although it elevated stress 

and decreased productive and reproductive herd performance, it did not appear to affect 

reproductive ability [30].  

Embryos produced in vivo are exposed to variable fluid composition and gas atmosphere, with 

IVC attempting to replicate those conditions, typically using static or sequential culture. In the latter, 

the media and its components are changed based on embryo stage and stage-specific embryonic 

demands [31]. In contrast, static culture has a single formulation of culture media, allowing an 

embryo to select required components [32]. Both methods have advantages and disadvantages. 

Sequential culture mimics in vivo conditions but may cause more oxidative stress by changing media 

and increased handling. In contrast, static media allows for decreased disturbance of pH and 

temperature, reducing ROS production and allowing embryos to benefit from secreted growth 

factors, though waste and ROS can be deleterious [4].  

Once embryos become blastocysts, they can be transferred fresh or cryopreserved. 

Unfortunately, IVP embryos have poor viability and cryotolerance compared to in vivo derived 

embryos [33], attributed to cytoplasmic accumulation of lipids, particularly if media contains fetal 

bovine serum (FBS). Serum withdrawal can reduce lipid accumulation and improve cryotolerance, 
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but often compromises embryo development [34]. Freezing tolerance is highly dependent on these 

lipids, and embryos with altered lipid composition and content are more sensitive to cryoinjury. 

Cryodamage typically occurs during lipid phase transition and lipid peroxidation events [35]. 

Improving the OPU-IVP procedure and cryopreservation should increase embryo quality and live 

births.  

Objectives of this study were to: 1) investigate effects of repeated OPU-IVP sessions on ovarian 

follicular development, oocyte recovery, developmental competence of embryos, and donor health; 

and 2) evaluate the efficiency of a modified SOF sequential medium in producing viable embryos 

that can survive cryopreservation. We tested the hypothesis that repeated OPU-IVP efficiently 

produces viable offspring with no deleterious effects on donors. 

2. Materials and Methods 

2.1. Cattle and Ethics 

This experiment was conducted as per the animal care protocol # AC19-0044 of the University 

of Calgary. Six cross-bred beef heifers (12-14 mo old) and three purebred cows (one Simmental and 

two Maine Anjou) were subjected to repeated superstimulations and OPU-IVP for 1 y.  

2.2. Superstimulation  

Intravaginal insert of a CIDR (CIDR 1380, Zoetis Canada, Kirkland, QC, Canada) was designated 

Day 0, with transvaginal aspiration of dominant follicles > 10 mm on Day 2. Injections of FSH 

(Folltropin-V, Vetoquinol, Lavaltrie, QC, Canada) (2 to 3 ml; IM) were given 12 h apart beginning on 

Day 4 (AM) and ending on Day 6 PM (six in total). Transvaginal ultrasound-guided oocyte aspiration 

was done after 38 to 40 h of coasting (interval between last FSH and oocyte collection).  

2.3. Transvaginal Ultrasound-Guided Oocyte Aspiration 

On Day 8, ovarian follicles were aspirated using an ultrasound-guided transvaginal approach. 

The COCs were immediately recovered, transferred to maturation medium (Hank’s medium with 

10% FCS, 0.2 mM sodium pyruvate, 0.5 μg/mL FSH, 5 μg/mL LH, 1 μg/mL estradiol, and 50 μg/mL 

gentamicin) and maintained in 5-ml culture vials. Vials were gassed with CO2, sealed, and 

transported to the laboratory in a portable incubator maintained at 39 °C. 

2.4. In Vitro Maturation, Fertilization, and Culture  

At the laboratory, oocytes were transferred from vials and in vitro-matured in the IVM medium 

as described above and incubated at 39 °C and 5% CO2 for 22-24 h. In vitro-matured oocytes (oocytes 

with expanded cumulus cells and a homogenous cytoplasm) were transferred to pre-equilibrated 

fertilization drops (50 μl final volume; maximum 10 oocytes/drop).  

Fertilization media contained 113.96 mM NaCl, 3.15 mM KCl, 25.04 mM NaHCO3, 0.34 mM 

NaH2PO4.H2O, 10 mM sodium lactate, 2.04 mM CaCl2.2H2O, 0.49 mM MgCl2.6H2O,1 mM sodium 

pyruvate, 6 mg/ml bovine serum albumin (BSA), 10 μg/ml heparin, PHE (18 μM D-penicillamine, 9 

μM hypotaurine and 1.8 μM epinephrine), and 50 μg/mL gentamicin. Matured oocytes were 

incubated with frozen-thawed sperm (~ 1-2 x 106 sperm/mL of fertilization medium) from a bull with 

proven fertility subjected to swim-up to optimize sperm quality [36].  

After 18 h of sperm-oocyte co-incubation, all presumptive zygotes were cumulus-dissociated by 

pipetting in H-SOF (107.7 mM NaCl, 7.16 mM KCl, 25.07 mM NaHCO3, 1.19 mM KH2PO4, 1.5 mM 

sodium lactate, 1.5 mM Glucose, 10 mM HEPES, 3 mg/ml BSA, 10 μM EDTA, 0.33 mM sodium 

pyruvate, 1 mM L-Glutamine, 1X MEM non-essential amino acid, and 50 μg/mL gentamicin). 

Cumulus-dissociated presumptive zygotes were washed and cultured in SOF-1 for 48 h. The SOF 1 

media contained 107.7 mM NaCl, 7.16 mM KCl, 25.07 mM NaHCO3, 1.19 mM KH2PO4, 1.5 mM 

sodium lactate, 1.5 mM glucose, 1.71 CaCl2.2H2O, 0.49 mM MgCl2.6H2O, 8 mg/ml BSA, 10 μM EDTA, 

0.33 mM sodium pyruvate, 1 mM L-Glutamine, 1X MEM non-essential amino acid, and 50 μg/mL 
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gentamicin. On Day 3 (Day 0 = fertilization), cleavage was evaluated and cleaved embryos were 

transferred to SOF-2 (107.7 mM NaCl, 7.16 mM KCl, 25.07 mM NaHCO3, 1.19 mM KH2PO4, 1.5 mM 

sodium lactate, 1.5 mM glucose, 1.71 CaCl2.2H2O, 0.49 mM MgCl2.6H2O, 8 mg/ml BSA, 0.33 mM 

sodium pyruvate, 1 mM L-Glutamine, 1X MEM non-essential amino acids, 1X MEM essential amino 

acids, and 50 μg/mL gentamicin). On Day 5, embryos were transferred to SOF-3 [SOF2 media 

supplemented with 2.5% TCH serum replacement (Protide Pharmaceuticals, IL, USA) and 2.5% FCS].  

Blastocyst production was evaluated on Day 7, based on International Embryo Transfer Society 

criteria [37]. Embryos from purebred cows were transferred fresh to estrus-synchronized recipient 

cows or cryopreserved. For cryopreservation, embryos were washed in holding media (BoviPro, 

MOFA Global, Verona, WI, USA) and transferred to the freezing medium (BoviPro, MOFA Global, 

Verona, WI, USA) [38]. Each blastocyst was loaded into a 0.25 ml straw, put in a programmable 

freezer (Beltron EFT 3002, Longmont, CO, USA) and after 5 min of exposure of embryos to freezing 

medium, maintained at – 6.5 oC for 1, min, then seeded by touching the top and bottom columns of 

the holding medium with a cotton swab dipped in liquid nitrogen, held for >10 min, then cooled to –

35 °C at a controlled rate (0.5 °C/min), plunged, and stored in liquid nitrogen. Embryos were thawed 

for 1 min in a water bath (37 °C) and direct transferred.  

2.5. Embryo Transfer 

In vitro-produced embryos (fresh and frozen-thawed) were transferred to recipients (n=30 each) 

by a certified ET practitioner. In brief, all recipient cows were estrus-synchronized by intravaginal 

insertion of a CIDR (Day 0) and injection of GnRH (Fertiline, Vetoquinol). On Day 7, CIDR was 

removed a 750 μg cloprostenol (Estrumate, Merck Animal Health, Kirkland, QC, Canada) given im. 

On Day 9 morning (48 h after CIDR removal), recipients were given 100 μg GnRH (Fertiline) im. On 

Day 16, transrectal ultrasonography was used to evaluate the ovaries and those with a corpus luteum 

were deemed eligible to be an embryo recipient. Transrectal ultrasonography 30 d after embryo 

transfer was used to detect pregnancy. The ET practitioner provided pregnancy data from their 

practice from transfer of in vivo-produced fresh versus frozen embryos. 

2.6. Statistical Analyses 

To determine effects of cow or number of trials on OPU-IVP, one-way ANOVA with post-hoc 

Tukey HSD Test or a Kruskal-Wallis test was used, depending on the data sets. Chi square was used 

to compare pregnancy rates of embryos resulting from fresh in vivo versus fresh in vitro or frozen in 

vivo versus frozen in vitro. One-way ANOVA with post-hoc Tukey HSD was used to evaluate 

embryo development and post-thaw survival rate (arc sine transformed). 

3. Results 

3.1. Evaluation of the Donor Effect on OPU-IVP Outcomes in Crossbred Heifers  

All crossbred heifers (n=6; 12 to 14 mo old at the outset) responded to superstimulatory 

treatments for a prolonged interval (~ 1 y). Superstimulatory responses, number of oocytes recovered, 

cleavage and blastocyst rates are in Figure 1. 
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Figure 1. Donor effects on mean (± SEM) number of follicles, oocytes recovered, percentage cleavage, 

and percentage blastocyst production (BC) in six crossbred heifers subjected to repeated OPU-IVP 

cycles over 1 y (data compiled from nine trials). a,bWithin an end point, heifers without a common 

superscript differed (P < 0.05). 

3.2. Evaluation of Repeated Superstimulations on OPU-IVP Responses in Crossbred Heifers 

Despite variations among heifers in number of follicles, number of OPU-IVP trials did not affect 

outcomes, with no change in number of follicles or embryo development over ~ 1 y of repeated 

superstimulatory treatments (Table 1). Furthermore, none had any health concerns and after the trial, 

all received an OPU-IVP embryo, became pregnant and calved. 

Table 1. Mean (± SEM) effects of repeated OPU-IVP trials on follicles, oocytes recovered, and 

embryonic development in crossbred beef heifers (n=6). 

Trial No. follicles No. oocytes Cleavage (%) Blastocyst rate (%) 

1 14±2.8 6±1.7 66±15 31±14.2 

2 14±3.5 6±1.1 67±5.5 20±13.3 

3 19±2.4 11±2.1 68±7.9 20±7.1 

4 16±2.0 9±1.1 56±8.2 23±11.5 

5 14±2.9 5±2.1 42±17 39±13.1 

6 11±2.1 5±1.1 34±16.2 18±10.2 

7 13±2.1 7±1.8 27±13 5.5±3.7 

8 12±2.4 6±2.5 44±12.1 15±7.1 

9 12±2.4 6±1.2 33±17.1 0 

3.3. Evaluation of OPU-IVP Outcomes among Purebred Cows 

The OPU-IVP responses of three beef cows are provided in Table 2. Although cows differed in 

their OPU-IVP responses, range of cleavage rates (54 to 70%) and blastocyst production (20 to 78%) 

were higher than those from the crossbred heifers. 
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Table 2. Mean (± SEM) effects of repeated OPU-IVP trials on follicles, oocytes recovered, and 

embryonic development in purebred beef cows (n=3). 

Cow (No. trials) No. follicles No. oocytes Cleavage (%) Blastocyst rate (%) 

A (2) 56.0±1.0a 17.5±3.5a 54.5±16.5 20.0±1a 

B (4) 24.7±5.6b 9.5±2.3ab 70±15.9 52.5±18.3ab 

C (4) 9.0±1.2c 4±0.8b 89±6.2 78±7.7b 
a-c Within a column, means without a common superscript differed (p < 0.05). 

3.4. Developmental Competence of OPU-IVP Embryos 

In this study, all recipients diagnosed as pregnant at 22 to 30 d after embryo transfer delivered 

a viable calf. A total of 29 fresh IVP embryos were transferred, yielding a pregnancy rate of 51.7% (15 

pregnancies). However, only 33.3% of transferred frozen-thawed embryos resulted in a viable calf. 

These results were compared to the pregnancy rates resulted from the transfer of in vivo-derived 

fresh (607/964; 63.0%) and frozen (606/1124; 53.9%) embryos conducted during the same year by the 

same veterinarian. These data demonstrated that there were no significant differences in pregnancy 

rates between in vivo- and in vitro-derived fresh embryos (63 vs. 51%, respectively). However, 

pregnancy rates for in vivo frozen embryos were higher than that of IVP frozen embryos (54 vs. 33%, 

respectively; P<0.03) 

4. Discussion 

Our objectives were to evaluate the impacts of repeated superstimulation OPU-IVP on embryo 

production plus donor reproductive health. Over 1 y, both heifers and cows were subjected to nine 

rounds of ovarian superstimulation, followed by OPU-IVP. Despite differences among individual 

animals, it was clear that the number of OPU-IVP trials did not affect IVP outcomes, with production 

of viable embryos, some of which were transferred (fresh or frozen-thawed) and produced healthy 

calves. Also, after the end of the study, all heifers received an embryo, became pregnant and 

subsequently calved. These results supported our hypothesis that repeated OPU-IVP efficiently 

produces viable offspring with no deleterious effects on donors. 

Despite variations among animals and trials, it was evident that these cattle responded to our 

superstimulatory treatments for a prolonged interval, consistent with previous reports [39,40]. In 

general, multiple injections of FSH enhanced superstimulatory responses and developmental 

competence of oocytes. Repeated superstimulatory treatments in dairy cows did not significantly 

affect number of follicles or embryo development [19], consistent with our study in beef cattle. 

Although variations among individuals in their responses to superstimulatory treatments is 

expected, further improvements to optimize follicular size and improve rates of oocyte recovery and 

blastocyst production are required to maximize outcomes of OPU-IVP.  

Repeated ovarian superstimulations and OPU-IVP were done in purebred cows (n=3). Although 

cows differed in their OPU-IVP responses, in general, IVP outcomes were higher than those from the 

crossbred heifers. Perhaps this could be a reflection of our improved efficiency in the OPU-IVP and 

genetic backgrounds of the cows used in this study. It has been reported that cattle with higher 

genetic backgrounds for in vivo superovulation also typically have a high capacity to generate 

blastocysts through OPU-IVP [41]. Another study demonstrated the importance of the breed on 

oocyte quality and in vitro embryo development [42]. 

This study clearly demonstrated that repeated egg recovery over 1 y did not compromise 

reproductive health of heifers, as all became pregnant and calved following transfer of IVP embryos. 

Some producers have concerns that repeated egg recovery will affect reproductive health of their 

valuable cows. Potential consequences include ovarian scar tissue or adhesions, bleeding or infection. 

In our studies, both heifers and cows tolerated multiple sessions of OPU-IVP without effects on 

reproductive or general health throughout the study or thereafter.  

When we transferred OPU-IVP embryos, both fresh and frozen, pregnancy rate of IVP fresh 

embryos was higher than their frozen counterparts. Also, we compared these results with the transfer 
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of in vivo-derived fresh and frozen embryos data. There were no differences in pregnancy rates 

between in vivo and in vitro derived fresh embryos, although the wide difference in number of in 

vivo- and in vitro-derived embryos transferred compromised statistical analysis. In addition, 

pregnancy rates of in vivo-produced frozen embryos were significantly greater than that of IVP 

frozen embryos, indicating the need for further refinement of embryo culture and freezing 

procedures. In an older study [40], transfer of IVF-fresh embryos yielded 56% pregnancy rate 

compared to that of IVF-frozen embryos (42%). However in vivo-fresh and -frozen samples yielded 

pregnancy rates of 66 and 67%, respectively. Similarly, when pregnancy rates were compared 

between in vivo and in vitro embryos derived from the same Nelore donor cows [43], there was ~ a 

10% decrease in pregnancy rates for OPU-IVP embryos. Several variables can affect embryo 

developmental competence and affect cryosurvival, maintenance of pregnancy [44], and birth of 

viable calves. 

Cryopreservation enables prolonged preservation of oocytes and embryos; the latter can be 

thawed and transferred, facilitating large-scale use [4]. Therefore, producing embryos that tolerate 

cryopreservation is an important challenge of OPU-IVP [33]. Cryopreservation causes thermal, 

mechanical, osmotic and toxic challenges, affecting gene expression [45]. Furthermore, culture 

conditions can alter metabolism and lipid profile of embryos and reduce viability of frozen-thawed 

IVP versus in vivo embryos. The majority of in vitro-produced (IVP) embryos display features linked 

to lower quality, including vacuoles in trophoblastic cells, a decreased number of mitochondria and 

microvilli, diminished intercellular junctions, variations in gene expression, and changes in lipid 

metabolism [46–48].  

Cryotolerance is highly dependent on lipids; embryos with altered lipid composition and 

content are more sensitive to cryoinjury. Cryodamage typically occurs during lipid phase transition 

and lipid peroxidation events during freezing and thawing [35]. Lipid phase transition alters 

conformation states of lipid molecules from a fluid phase to a solid-like-ordered phase which can 

cause cryodamage [49]. Suboptimal culture conditions, particularly inclusion of fetal bovine serum 

(FBS), promote cytoplasmic accumulation of lipids. Withdrawal of serum can reduce lipid 

accumulation and improve cryotolerance of bovine embryos, but often compromises embryo 

development [34]. Strategies to increase cryotolerance of IVP embryos include culture under low O2 

to minimize oxidative stress, use of antioxidants or apoptosis inhibitors [50,51] or substances to 

accelerate lipid metabolism or prevent lipid accumulation [52]. Further research is required for 

formulating a culture medium for efficient production of viable embryos that better withstand 

cryopreservation and thawing. 

Quality control measures in the laboratory and the use of superior supplies are crucial for 

successful embryo production. This includes monitoring and maintaining laboratory air quality and 

temperature, ensuring the osmolarity and pH of media, oil overlay, and preventing from oxidative 

stress and toxic components exposure [53,54]. Optimizing pregnancy rates can be achieved through 

the careful selection of high-quality embryos at the appropriate developmental stage throughout the 

transfer process, by a skilled and experienced individual. Embryologists and those involved in 

gametes and embryo handling, assessment, and grading should undergo sufficient training and 

ongoing professional education development. Veterinarians supervising an OPU-IVP facility should 

havespecialized training, licensure, and certifications from the relevant regulatory authorities (i.e., 

provincial or state veterinary licensing, and be nationally accredited for the retrieval of oocytes, 

handling, and in vitro production of embryos) [55].  

Improving efficiency and promoting widespread adoption of assisted reproductive technologies 

relies on optimizing the OPU-IVP procedure for the highest recovery of oocytes, in vitro production 

of viable embryos with higher cryotolerance, and prioritize the safety and well-being of donor. The 

development of oocytes can be affected by a range of factors, such as breed, age, nutritional 

conditions, environmental factors, as well as hormonal and metabolic status [56,57]. The success rate 

of IVEP is usually higher in oocytes derived from indicus cattle (Zebu, Bos indicus) when compared 

to oocytes from British or Continental taurus cattle (Bos taurus) both beef and dairy breeds [58,59]. 

Indicus cattle typically have more antral follicles, facilitating recovery of oocytes suitable for IVEP 
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[60]. Overall, IVEP outcomes are more efficient in indicus than taurus due to greater number of 

recovered oocytes and blastocysts produced per OPU session [58,59,61]. 

5. Conclusions 

This study advanced our knowledge to apply an evidence-based approach for OPU-IVP to 

formulate culture media that supported embryo development and post-thaw survival. Moreover, this 

study yielded new information that there were no specific negative consequences of repeated OPU 

sessions on general or reproductive health of donors. This information is highly relevant before 

applying this procedure for intense production of embryos from our superior animals to alleviate 

producer concerns regarding animal health and welfare. 
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