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Abstract  

The aim of this study was to evaluate the in vitro embryo production in Bos taurus and Bos indicus donors, evaluating 

from oocyte recovery to final embryo production. Data were collected during the months of January and February and 

August to October 2017. Bos taurus cows: Holstein and Senepol and Bos indicus cows: Nelore and Dairy Gir, were 

used as oocyte donors. In total, 3622 sessions of OPU were performed, divided between: Holstein donors: 925; 

Senepol donors: 1055; Nelore donors: 1202 and Dairy Gir donors: 440. In total, 103.399 oocytes were recovered, 

being viable oocytes: 90.807; cleaved: 65.252 and produced embryos: 24216. There was no statistical difference 

between the genetic groups for the total oocytes recovered (Bos taurus: 25.5 vs. Bos indicus: 30.1; P> 0.05). However, 

a statistical difference was observed between the cleaved (Bos taurus: 16 vs. Bos indicus: 20.4; P <0.05) and produced 

embryos (Bos taurus: 4.4 vs. Bos indicus: 8.3; P <0,05). Thus, the conclusion is that Zebu donors perform better in 

IVEP and the donor breed influences the IVEP results. 

Keywords: Donor; Bos taurus; Bos indicus; Oocyte; Embryos. 

 

Resumo  

O objetivo deste estudo foi avaliar a produção in vitro de embriões em doadoras Bos taurus (Holandês e Senepol) e 

Bos indicus (Nelore e Gir), avaliando desde a recuperação oocitária até a produção final de embriões. Os dados foram 

coletados durante dois períodos, os meses de janeiro e fevereiro e de agosto a outubro de 2017. Foram utilizadas como 

doadoras de oócitos, fêmeas Bos taurus: das raças Holandês e Senepol e fêmeas Bos indicus: das raças Nelore e Gir. 

No total foram realizadas 3622 sessões de OPU, divididas entre: doadoras da raça Holandês; 925, Senepol; 1055, 

Nelore; 1202 e Gir; 440. Foram recuperados 103.399 oócitos totais, sendo, oócitos viáveis: 90,807; clivados: 65,252 e 

embriões produzidos: 24216. Não houve diferença estatística entre os grupos genéticos para o número total de oócitos 

recuperados (Bos taurus: 25,5 vs Bos indicus: 30,1; P> 0,05).  No entanto, foi observado diferença estatística entre os 

clivados (Bos taurus: 16 vs Bos indicus: 20,4; P< 0,05) e embriões produzidos (Bos taurus: 4,4 vs Bos indicus: 8,3; P< 
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0,05). Nas condições desse estudo pode se concluir que, doadoras zebuínas apresentam melhor desempenho na PIVE, 

e que a raça das doadoras pode interferir no resultado da PIVE. 

Palavras-chave: Doadora; Taurinos; Zebuínos; Oócito; Embriões. 

 

Resumen  

El objetivo de este estudio fue evaluar la producción in vitro de embriones en donantes Bos taurus (holandés y 

Senepol) y Bos indicus (Nelore y Gir), evaluando desde la recuperación de ovocitos hasta la producción embrionaria 

final. Los datos se recolectaron durante dos períodos: enero y febrero y de agosto a octubre de 2017. Se utilizaron 

vacas Bos taurus como donantes de ovocitos: Holandesas y Senepol y vacas Bos indicus: Nelore  y las razas Gir. En 

total, se llevaron a cabo 3622 sesiones OPU, divididas entre: donantes holandeses; 925, Senepol; 1055, Nelore; 1202 y 

Gir; 440. Se recuperaron 103.399 ovocitos totales, con ovocitos viables: 90,807; escindidos: 65,252 y embriones 

producidos: 24216. No hubo diferencia estadística entre los grupos genéticos para el número total de ovocitos 

recuperados de vacas (Bos taurus: 25,5 vs Bos indicus: 30,1; P> 0.05). Sin embargo, se observó una diferencia 

estadística entre los embriones escindidos (Bos taurus: 16 vs Bos indicus: 20,4; P <0,05) y producidos (Bos taurus: 

4,4 vs Bos indicus: 8,3; P <0, 05). En las condiciones de este estudio, se puede concluir que los donantes de cebú 

presentan mejor desempeño en PIVE, y que la raza de donantes puede interferir en el resultado de PIVE. 

Palabras clave: Donante; Taurinas; Ganado cebú; Ovocito; Embriones. 

 

1. Introduction  

The development of reproductive biotechniques is essential for increasing reproductive efficiency. In this context, in 

vitro embryo production (IVEP) is a useful and effective tool to increase the genetic gain, productivity, and reproductive 

performance of dairy and beef cattle (Baruselli et al., 2019). The number of embryos produced in vitro has been growing 

exponentially and currently, according to the International Embryo Transfer Society (IETS), this number has reached more 

than 1,000,000 embryos produced in vitro worldwide (IETS, 2019).  

The IVEP main objective is to maximize the reproductive potential of bovine herds. The technique allows to obtain 

viable embryos from genetically superior animals: as healthy females or with reproductive alterations and cows in prepubertal 

age, pregnant (up to third month), and in the postpartum period (Mello et al., 2016).  Thus, obtaining more progeny per donor 

(50 calves/cow/year) during the reproductive life, reducing the interval between generations (Loiola et al., 2014; Wrenzycki, 

2016). 

Technologies such as Ovum-pick-up (OPU) contribute to accelerating the genetic gain through both female and male 

lineage, considering that for the fertilization of the oocytes, semen from different bulls can be used for individual donors, 

optimizing the use of high zootechnical value breeders (Van Wagtendonk-De Leeuw, 2006) and enables the use of sexed 

semen (Brackett & Zuelke, 1993; Bueno & Beltran, 2008; Santl et al., 1998). 

However, nutritional and technical factors, as well as individual characteristics of donors, affect the fertility and 

efficiency of IVEP. It is known that Bos taurus and Bos indicus genetic groups have their particularities in relation to 

reproductive characteristics and this variability between donors can influence oocyte recovery, oocyte quality, blastocyst 

production up to pregnancy rate (Monteiro et al., 2017; Pontes et al., 2010, Negreiros et al., 2020). Even so, the high 

repeatability of recovery in oocyte donors allows the identification of higher potential for oocyte production (Baruselli et al., 

2015;. Ireland et al., 2007; Ireland et al., 2008; Monteiro et al., 2017). 

Therefore, studies exploring the productive capacity of embryos of Bos taurus, Bos indicus genetic groups, and the 

crossing between them, are fundamental for the selection of donors and the development of embryo technologies. The aim of 

this study was to compare the in vitro embryo production in Bos taurus donors (Holstein and Senepol) and Bos indicus donors 

(Nelore and Gir), evaluating from oocyte recovery to final embryo production. 
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2. Methodology  

2.1 Ethical aspects 

This study was carried out in accordance with the Animal Experimentation Ethics Committee of the State University 

of Northern Paraná under number 03/2017, based on Federal Law 11.794, of October 8, 2008. 

 

2.2 Animals and oocyte recovery 

The study evaluated data collected from August to October 2017, of Pecpaln ABS Importação e Exportação LTDA., 

located in Uberaba, MG, Brazil. All procedures were performed by the same technicians. As oocytes donors it was used Bos 

taurus (Holstein and Senepol) and Bos indicus (Nelore and Gir) healthy and cyclic cows. There were no hormonal protocols in 

cows before the OPU sessions, all procedures were performed at random stages of the estrous cycle, with an interval of at least 

15 days for each donor. In total, 3622 OPU sessions were held, divided between: Holstein donors; 925, Senepol; 1055, Nelore; 

1202 and Gir; 440. 

Follicular aspiration was performed according to the technique described by Seneda, Esper, Garcia, Oliveira, & 

Vantini (2001), in which, each visible follicle was aspirated using a real-time B mode ultrasonography scanner (Scanner 200 

Vet, Pie Medical, Maastricht, Netherlands), with a 7.5 MHz convex array transducer was fitted in an intravaginal device (Pie 

Medical) with a stainless steel guide. The follicular puncture was performed using a 19 ½ ” disposable hypodermic needle 

(Becton Dickinson, Curitiba, PR, Brazil), connected to a 50 mL conical tube (Corning, Acton, MA, USA) via a silicone tube 

(0.8 m long; 2 mm id). Aspiration was performed using a vacuum pump (Cook Veterinary Products, Queensland, Australia) 

with negative pressure of 10-12 mL of water/min. 

 

2.3 In vitro maturation (IVM) 

Immediately after OPU and filtering, the cumulus-oocyte complexes (COC’s) were classified as good: more than 

three layers of cumulus cells; regular: at least one layer of cumulus cells; naked and atretic: dark cumulus cells and irregular 

cytoplasm (Seneda et al., 2001), only atretic oocytes being discarded. After selection, the COC’s were deposited in cryovials 

containing MIV® medium (ABS, Uberaba, Brazil) and mineral oil and transported to the laboratory in a portable incubator 

(WTA ©, Cravinhos, Brazil) at 39°C. In the laboratory, oocytes were washed in LAV® medium (ABS, Uberaba, Brazil) and 

incubated (Thermo Fisher Scientific ©, USA) in drops of 100µL (maximum 35 oocytes per drop) of MIV® medium (ABS, 

Uberaba, Brazil), under mineral oil, at 39ºC with gas composition and humidity controlled (5% CO2, 5% O2 and 90% N2), for 

22 to 24 hours. 

 

2.4 In vitro Fertilization (IVF) 

After maturation, oocytes were washed twice in drops of TL® medium (ABS, Uberaba, Brazil), twice in drops of 

FIV® medium (ABS, Uberaba, Brazil) and placed in 35x 10 mm Petri dishes (Corning®, USA), containing drops of FIV® 

medium (ABS, Uberaba, Brazil), under mineral oil.  

For IVF, only frozen semen from the bull of known fertility were used. The semen was thawed in a water bath at 

35ºC/20s, submitted to the selection of sperm fraction, using the Percoll® gradient (ABS, Uberaba, Brazil) 90% (500 µL) and 

45% (500 µL) in Eppendorf (1,5mL). Then, semen was centrifuged (9000 rpm / 5 min), the supernatant was removed and the 

pellet resuspended with FIV® medium (ABS, Uberaba, Brazil). New centrifugation was performed (2000 rpm / 3 min), the 

supernatant was removed, and heparin (11 µL) and PHE (44 µL) were added to induce the sperm capacitation and to stimulate 

sperm motility, respectively. Concentration was adjusted to 25x106 motile sptz / mL and each fertilization drop (100 µL) 

received 6uL of semen (final concentration 2 x 106 sptz / ml per drop), with sperm motility ≥ 70%. 
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For co-cultivation, Petri dishes were incubated in an incubator (Thermo Fisher Scientific ©, USA) for fertilization, at 

39ºC with gas composition and humidity controlled (5% CO2, 5% O2 and 90% N2) for 20-22 hours. 

 

2.5 In vitro cultivation (IVC) 

After IVF, the possible zygotes were washed in drops of TL® medium (ABS, Uberaba, Brazil) concomitant to 

mechanical stripping by successive pipetting. Then, they were washed and distributed in drops of C4® medium (ABS, 

Uberaba, Brazil) in 35x10 mm Petri dishes (Corning®, USA), under mineral oil. This step was performed under the same 

temperature, gas composition, and controlled humidity, as the IVF procedure. Ninety and six hours after IVF (D4), 50% of 

C4® medium (ABS, Uberaba, Brazil) was replaced, containing the possible zygotes, with a new C5® medium (ABS, Uberaba, 

Brazil) and cleavage rates were recorded. Then, they were incubated in an incubator (Thermo Fisher Scientific ©, USA) at 

39ºC, with gas composition and humidity controlled (5% CO2, 5% O2 and 90% N2) until D6. For evaluation of embryonic 

production rate, dead structures, degenerate or in process of degeneration were disregarded. 

 

2.6 Statistical analysis 

All data obtained were analyzed by the SigmaStat program (1999). The data did not present a normal distribution and 

were compared by non-parametric tests. The results by the genetic group were subjected to Mann-Whitney test and results by 

breed were subjected to variance analysis (Kruskal-Wallis) and Dunn's test (P <0.05). 

 

3. Results and Discussion  

A total of 103,399 oocytes were recovered from 116 females in 3622 OPU sessions, only 85.517 were considered 

viable oocytes. For IVEP rate, a total of 24,216 embryos were obtained, being recorded 8.1 embryos produced / cow (Table 1). 

There was no difference (P> 0.05) between number of total oocytes and viable oocytes recovered in the OPU between 

the genetic groups. However, there was a difference (P <0.05) between breeds (Table 2).   

 

Table 1- Results of OPU and IVEP in Senepol, Holstein, Nelore and Gir cows, between August to October 2017. 

Variables N 

OPU  3,622 

Total oocytes 103,399 

Total oocytes/cow  31.7 

Viable oocytes  85,517 

Viable oocytes/cow  28.3 

Cliaved 65,252 

Cliaved/cow 19.8 

Total embryos 24,216 

Embryos/cow 8.1 

Source: Moschini et al., (2021). 
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Table 2 - Mean values (minimum - maximum) of total and viable oocytes recovered per cow, in OPU sessions in Bos taurus 

and Bos indicus genetic groups, between August to October 2017. 

P<0,05 

* Different letters in the same column differ statistically. 

Source: Moschini et al., (2021). 

 

Regarding the mean values of cleaved embryos, produced embryos and embryo conversion rate, it was possible to 

observe a difference (P <0.05) between genetic groups (Bos taurus and Bos indicus) and between breeds (Holstein; Senepol; 

Nelore and Gir). There was no difference between Senepol, Nelore, and Gir donors when evaluating the mean values of each 

breed separately. However, result obtained in Holstein donors was significantly lower compared to other donors. Data indicate 

that in all breed the mean values of cleaved oocytes and embryos produced were considerably lower than number of recovered 

oocytes (Table 3). 

 

Mean values (minimum - maximum) of cleaved embryos, embryos per total of oocytes (%) and embryos per cow, in OPU 

sessions in Bos taurus and Bos indicus genetic groups, between August to October 2017.

Genetic 

group 

Breed n Total oocytes 

(minimum e maximum) 

Viable oocytes 

(minimum e maximum) 

Bos taurus  1980 25.5 (5.0 -100) 

 

27.1 (5.0 – 92) 

 Holstein 925 14.7 (7.0 – 49)a 13.2 (8.0 – 47)a 

 Senepol 1055 35.4 (7.0 -154)b 31.5 (7.0 -135)b 

Bos indicus  1642 30,1 (7,0 - 154) 

 

22.4 (4.0 - 132) 

 Nelore 1202 34.4 (11.0 - 100)b 

 

30.0 (11.0 - 92)b 

 Gir 440 24.7 (5.0 – 45)c 16.3 (4.0 – 27)a 

Genetic 

group 

Breed N Cleaved 

 

(minimum and 

maximum) 

Embryos % 

 

(embryos/oocytes) 

Embryos/cow 

 

(minimum and maximum) 

Bos taurus  59 16.0A 

(4.0 – 106) 

 

19.6A 

(9811/50043) 

4.4A 

(0.6 – 68.0) 

 Holstein 21 9.0a 

(4.0 -106) 

11.8a 

(1697/14305) 

2.0a 

(0.6 – 4.4) 

 Senepol 38 20,0bc 

(4.3 –30.3) 

22,7b 

(8114/35738) 

8,0 bc 

(1.0 – 68.0) 

Bos indicus  57 20.4B 

(4.0 - 68) 

22.0B 

(14355/53365) 

8.3B 

(2.0 – 25.5) 
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P<0,05 

* Values followed by capital letters indicate a difference between genetic groups; 

* Values followed by lowercase letters indicate differences between races. 

Source: Moschini et al., (2021). 

 

4 Discussion 

In a retrospective analysis of data from a commercial IVEP program, Bos indicus and Bos taurus genetic groups, from 

oocyte recovery to embryonic production, results indicated that, although there was no variation between the genetic groups to 

the number of total and viable oocytes, there was a variation for recovery of oocytes by OPU between breeds (beef: Nelore = 

34.3 and Senepol = 35.4; dairy: Gir = 24.7 and Holstein = 14.7), conforming with previous studies that reported variability of 

individual donors in reproductive characteristics between Bos indicus and Bos taurus cows for oocyte recovery, oocyte quality, 

blastocyst production up to pregnancy rate (Monteiro et al., 2017;  Gimenes et al., 2015; Pontes et al., 2010; Sales et al., 2015).  

Thus, it is suggested that the breed should be considered when an IVEP program is established. 

In our study, considering only beef breeds: Nelore (Bos indicus) and Senepol (Bos taurus), there was no variation in 

oocyte recovery between genetic groups (P> 0.05). Similar results a study conducted by Pontes et al. (2010) who reported a 

mean recovery of 30 total oocytes in Nelore cows. On the other hand, in dairy breeds: Gir (Bos indicus) and Holstein (Bos 

taurus), a difference was observed in oocyte recovery (P <0.05), corroborating with other studies also carried out in Gir and 

Holstein cows, in which Gir donors showed better results in oocyte recovery (Pontes et al., 2010; Silva et al., 2015). These 

results were already expected, as Bos indicus cows generally exhibit three follicular waves (Baruselli, Gimenes, & Sales, 2007; 

Silva-Santos et al., 2011), consequently having more ovarian follicles, resulting in a greater number of oocytes recovered by 

OPU (Lacerda et al., 2020; Viana et al., 2004; Xu et al., 2006). 

In Bos taurus cows (Senepol: 35.4 vs. Holstein: 14.7; P <0.05), higher values of oocyte recovery were observed for 

Senepol donors. In this case, the results can be explained because Holstein cows are more susceptible to heat stress than 

Senepol cows, which are considered more thermotolerant. Confirming studies that reported that heat stress had a negative 

effect on oocyte competence of Holstein donors (Ferreira et al., 2011; Paula-Lopes et al., 2003; Watanabe et al., 2017). Despite 

differences observed a total number of oocytes recovered by OPU between breeds, it is noted that in all breeds the number of 

oocytes recovered by the individual donor was consistent over a period, that is, there was repeatability in oocytes production, 

corroborating with previous studies (Baruselli et al., 2015; Ireland et al., 2007; Ireland et al., 2008; Monteiro et al., 2017), is a 

relevant data for efficiency of IVEP worldwide (Monteiro et al., 2017). 

 In relation to the mean values of cleaved oocytes, lower numbers were observed for Holstein cows (Nelore: 23.8; Gir: 

23.8; Senepol: 20.0 and Holstein: 9.0), which differed statistically from other donors (P < 0.05), these results corroborate with 

Oliveira et al. (2013) who reported that Holstein cows have a lower cleavage oocytes rate because their oocytes have inferior 

quality. Studies suggest that cleavage and blastocyst rates in Bos taurus cows are similar to those obtained in Bos indicus cows, 

but with divergent results, demonstrating that this factor is probably more associated with oocyte quality than with breed factor 

(Pontes et al., 2010; Tamassia et al., 2003).  

 

 Nelore 33 23.8b 

(4 – 68,0) 

 

28.1c 

(11785/41820) 

9.6b 

(3.0 – 25.5) 

 Gir 24 23.8c 

(4 – 27.5) 

22.7b 

(2570/11536) 

6.0c 

(2,0 – 14,7) 
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The management and feeding of the animals are factors that may have influenced the results of the IVP and the 

variations observed in this study since the donors came from different properties and were submitted to different management 

conditions and climate. In addition, the susceptibility to heat stress in Holstein cows in warmer periods can also result in a 

lower blastocyst rate (Watanabe et al., 2017). Thus, the influence of the donors and of the male, in the oocytes production and 

in vitro embryos needs to be better elucidated. 

Although the cleavage and blastocyst rates of individual bulls were not evaluated, different bulls of each breed were 

used and not just one bull, which may have influenced the results, as it is known that there is a variation between bulls at in 

vitro fertility rates (Alomar et al., 2008; Machado et al., 2009). This variability may be related to differences in sperm quality 

(Alomar et al., 2006; Gillan et al., 2008), microRNA expression (Govindaraju et al., 2012), sperm plasma membrane protein 

(Gaviraghi et al., 2010; Roncoletta et al., 2006) and sperm gene expression (Khatib et al., 2009). However, data indicate that 

after fertilization with sperm having intact DNA, part of development is controlled by the oocyte, including activation of the 

embryonic genome (Heikinheimo & Gibbons, 1998), indicating that the effect of donor breed on embryo production is more 

relevant than bull breed (Lacerda et al., 2020).  

Another evaluation carried out was the embryos number produced per cow / breed (beef: Nelore = 9.6 and Senepol = 

8.0; dairy: Gir = 6.0 and Holstein = 2.0). The results for dairy cows were similar to those reported by Pontes et al. (2010). A 

possible factor for the low values referring to embryos produced by Holstein donors is that,  because these cows have fewer 

follicles, probably they have a higher concentration of FSH and estradiol, which can be detrimental in oocyte maturation and 

consecutively in embryonic development (Ireland et al., 2009). Possibly Anti-Mullerian Hormone (AMH) concentration has a 

positive correlation with the number of total oocytes and viable oocytes recovered in the OPU, of oocytes suitable for 

cultivation, and also in blastocysts production, suggesting that AMH concentration can be used as an endocrine marker and 

predict in vitro production (Guerreiro et al., 2014). In addition, in a study carried out in Gir and Holstein donors, a higher 

number of PAPPA-mRNA was identified in oocytes and cumulus cells that is associated with pregnancy, and a lower 

expression of IGFBP4 in cumulus cells from Gir donors, suggesting an increase in the bioavailability of IGF-free, contributing 

to the oocyte competence of these donors (Lopes et al., 2017).  

Production of embryos of Nelore cows achieved in our study was similar to that described in the literature, which 

indicates that Nelore cows produce more embryos in vitro compared to other breeds (Monteiro et al., 2017; Sales et al., 2015; 

Santos et al., 2008). Since Bos indicus cows have more oocytes of better quality compared to Bos taurus cows, and thus, they 

express a greater number of genes related to cellular metabolisms, such as the glucose transporter (GLUT) 1 and the IGF-I 

receptor (IGF1R). These factors contribute to higher blastocyst rates in zebu donors, concluding that Bos indicus donors may 

have their oocytes more capable of undergoing in vitro maturation compared to Bos taurus donors (Sales et al., 2015). 

Regarding Senepol donors, the literature is devoid of reports referring to IVEP, however, Heinzen et al. (2014) 

described an embryo rate of 30.65% in relation to the number of oocytes recovered from Senepol donors, higher than the 

average value (22.7%) found in the present study. However, we can consider that for this study the results were satisfactory as 

well as in Bos indicus donors and that despite being from Bos taurus genetic group, the influence of individual factor and 

variation between the months of the year is suggested. These results give support to Watanabe et al. (2017) who reported that 

Senepol donors may have variation in blastocyst rates according to season of year. However, despite all the factors that may 

influence the IVEP performance, Bos indicus donors are still better at in vitro embryo production than Bos taurus donors 

(Sales et al., 2015; Santos et al., 2008). 

In general, a difference was observed between genetic groups to in vitro embryos production, demonstrating that Zebu 

donors present a better performance in IVEP. However, both in beef and dairy breeds, the number of embryos produced was 

higher in donors with a higher number of oocytes recovered by OPU, regardless of genetic group. This has been shown 
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previously, in which possibly the variation in oocytes production interferes in the in vitro embryos production (Monteiro et al., 

2017; Pontes et al., 2010).  

Thus, it is relevant to identify donors with the greatest potential for oocyte recovery and can consider this as a 

determining factor for the IVEP success. 

 

5. Conclusion  

Thus, it is relevant to identify donors with the greatest potential for oocyte recovery and can consider this as a 

determining factor for the IVEP success. 
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