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Abstract. According to the International Embryo Technology Society, the number of bovine embryos produced by in vitro 
fertilization technology is increasing every year. However, despite the large volumes of their production, the effectiveness 
of this method is still low and needs to be improved. Therefore, the purpose of this study was to compare the effectiveness 
of two commercial media – Origio Sequential Series (Origio, Denmark) and a panel of products manufactured by Minitube 
(Germany) in terms of oocyte maturation and development of bovine embryos in vitro. At the first stage of the study, 
a comparative evaluation of oocyte maturation media was performed: based on TCM 199 (Minitube) and Universal 
(Origio) culture media. At the second stage, the protocols for culturing bovine embryos were compared: Minitube and 
the two-stage Origio culture protocol with changing media. Therewith, it was found that the use of TCM 199 medium for 
oocyte maturation is more effective compared to Universal. Thus, at 48 hours of cultivation (the initial stage of embryo 
development), 64.3 ± 1.0 and 60.3 ± 1.4% of 2-8 cell embryos were obtained, and on Day 8 – 25.3 ± 1.0 and 20.0 ± 0.6% of 
blastocysts, respectively. The results of a comparison of bovine embryo culture protocols showed that when using both 
Minitube and Origio media, the percentage of division and the percentage of resulting embryos corresponded to their 
known values. It was found that the Minitube cultivation protocol is more effective than Origio. At 48 hours, the number 
of embryos obtained using the Minitube culture protocol was 1.3% higher compared to Origio, on Day 6 – by 7.8%, and on 
Day 8 – by 3.8%. The results obtained are a necessary component of the development of successful processes to produce 
bovine embryos in vitro with further implementation in the ruminant reproduction biotechnology

Keywords: embryonic development, Minitube and Origio culture media, cultivation protocols, ruminant reproduction 
biotechnology

Introduction
Animal husbandry plays an important role in agriculture 
and the economy of Ukraine. It provides profit and work 
for producers and other individuals working in value 
chains [1]. Currently, there is a well-known forecast that 
the world’s population will exceed 9.2 billion by 2050, and 
this in turn will require an increase in food production by 
50% [2]. However, it is impossible to achieve the required 

production volumes using conventional methods of animal 
reproduction biotechnology. To create volumes sufficient 
to meet the needs of the constantly growing population, 
the livestock industry needs to use modern methods of re-
production biotechnology, which contribute to obtaining 
greater efficiency from livestock productivity. Thus, genetic 
advance in dairy cattle breeding leads to an increase in the 
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availability of milk, which provides nutrients to a growing 
population, without requiring an increase in the total number 
of animals that produce milk.

Programs to improve the genetic merits of the herd 
based on breeding are used to reproduce cows for many 
generations. However, the rate of change in individual 
traits as a result of breeding is relatively low (0.5-3.0% per 
year) [3]. At the same time, reproductive biotechnology for 
inducing changes can occur at an accelerated rate by in-
creasing the intensity of selection without limiting the rate 
of reproduction.

A heifer is normally born with 10,000-35,000 
healthy follicles and ova in the ovaries [4], but a typical 
beef cow will have no more than 10 calves in its lifetime, 
and dairy cows have even lower productivity. Scientific and 
biotechnological advances in animal reproduction in recent 
decades have led to the development of various methods, 
commonly referred to as assisted reproductive technologies. 
Their main task is to increase the offspring of genetically 
valuable animals and spread them all over the world [5]. 
When using these technologies, the average number of 
calves from a donor cow increases from 1 to more than 
10 per year, which ensures an increase in reproduction rates 
and an increase in the genetic progress of the herd [6]. 
Additionally, it is possible to combine the selection of not 
only females, but also males according to the productivity 
of daughters. Thus, Rutledge [7] offers support for a herd 
of F1 cattle without the need to transport many pure-bred 
animals and apply further crossbreeding schemes using ar-
tificial insemination protocols in vitro. Such protocols al-
low fertilizing a cow’s ova with the sperm of several bulls, 
effectively allowing the offspring of different producers to 
be born from the same cow within a year. It is also possible 
to implement the opposite scheme, when one sperm straw 
is used to fertilize oocytes obtained from several distinct 
donor cows, which allows the maximum use of valuable 
sperm samples [3].

Notably, the reproduction biotechnology in cattle 
breeding has been developing for a long time [8]. Thus, 
the first superovulations in cattle were implemented by 
Casida et al. as early as 1943 [9]. In the 1950s, Rowson per-
formed the first successful transfer of embryos into cows in 
Cambridge, and the first commercial embryo transfer was 
performed as early as 1972 [10]. Successful in vitro fertil-
ization in cattle was first reported in 1977 by Iritani and 
Niwa using sperm that had been capacitated in the oviduct 
or uterus of cows during oestrus or in the uterus of rab-
bits [11]. The birth of a calf after in vitro fertilization first 
took place in 1981 at the University of Pennsylvania [12].

Presently, the commercial transfer of bovine em-
bryos is a significant international business, and most bo-
vine embryos in the world are produced by in vitro fertil-
ization technology [13]. Even though the methods used in 
the biotechnology of reproduction of cows are sufficiently 
studied, there are opportunities for their perfection. There-
fore, scientists around the world continue to work on im-
proving the protocols of in vitro fertilization of cattle.

The purpose of this study was to analyse the effect of 
two commercial panels of products – Origio (Origio, Denmark) 
and Minitube (Germany) on the effectiveness of oocyte matu-
ration and development of bovine embryos in vitro.

Literature Review
Embryo production in vitro is rapidly developing because 
it has a great potential for strengthening genetic selec-
tion, increasing fertilization and optimizing crossbreeding 
schemes in beef and dairy cattle production systems [14]. 
According to Parrish et al. [15] in 1986, embryos that were 
obtained outside the body accounted for only 30% of the 
total number of cow embryos transferred worldwide. Sta-
tistics compiled by the International Society for Embryo 
Transplantation in 2011 showed that 732,862 embryos that 
were suitable for transfer were obtained by superovulation, 
and 572,342 embryos were obtained in vivo and transferred 
worldwide [16]. Moreover, of the latter, Europe, and North 
America account for 19% and 43% of their total number, 
respectively [16]. And in 2017, statistics showed that the 
number of IETS (International Embryo Technology Society) 
embryos, which were created in vitro in the entire world, was 
greater, compared to MOET programs (Multiple Ovulation 
Embryo Transfer – programs where embryos are washed 
from bovine uterine horns) [17].

However, despite the large volume of production of 
bovine embryos in vitro, the percentage ratio of the number 
of embryos suitable for transplantation to the number of 
used ova stays quite low. Thus, Lonergan and Fair indicate 
that only 30-35% of fertilized ova can reach a certain stage 
of development or meet high quality when their transfer to 
recipient cows is successful [18]. Similar data are highlighted 
by Ferré et al. [19], who claim that on Day 7 of cultivation, 
only 20-40% of probable zygotes reach the blastocyst stage.

Optimization of cultivation parameters in vitro al-
lows increasing the percentage of embryos suitable for 
transplantation. That is why scientists around the world 
are working to solve this issue and develop various method-
ological approaches. The in vitro cultivation conditions to 
produce bovine embryos are aimed at maximally imitating 
the specific features of the oviduct to successfully manage 
this process outside the body [20]. This led to the creation 
of distinct types of culture systems using standard media, 
conditioned media [21], or by adding liquid from oviducts 
obtained during oestrus [22]. Goovaerts et al. [23] co-cultured 
zygotes with culture of cumulus cells, Chen et al. [24] – with the 
culture of epithelial cells of the oviducts of mammals, Ferraz 
et al. [25] – with oviduct cell culture on a chip. Rizos et al. [26] 
investigated the effect of serum on embryo development and 
cryotolerance, claiming that its absence has a positive effect. 
In turn, Leivas et al. [27] and Soto-Moreno et al. [28] indicate 
a positive effect of fetal bovine serum on the development of 
bovine embryos in vitro. Zullo et al. [29] claim that crocetin 
increases the quality and quantity of blastocysts from cows 
under in vitro culture conditions. As the above information 
suggests, there is presently significant information on the 
cultivation of bovine embryos, but most of these data differ 
from each other.

However, along with the development of innova-
tive approaches to the cultivation of bovine embryos and 
changes in the composition of the culture medium, com-
mercial environments are also being improved [30]. Com-
paring the effectiveness of the latter and determining the 
best one is a necessary component of developing successful 
protocols for obtaining embryos in vitro, with subsequent 
implementation in production. 
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Materials and Methods
The study was conducted during 2020-2022 based on the 
Educational and Scientific Laboratory “Centre for Animal 
Reproductology with Sperm and Embryo Bank” of the Na-
tional University of Life and Natural Sciences of Ukraine. 
Ovaries from clinically healthy cows were selected in 
slaughterhouses and delivered to the laboratory in a ther-
mos at 30-33°C no more than 3 hours after sampling. In 
the laboratory, the ovaries were washed 4 times in a sterile 
phosphate-salt solution of Dulbecco (Sigma, USA) with the 
addition of 0.075 mg/cm3 kanamycin sulphate (Sigma, USA) 

(solution temperature 37-38°C). The cumulus cell-oocyte 
complexes from the antral follicles (2-8 mm in size) of 
the ovaries of cows were removed in a laminar box by dis-
secting the follicles with a safety razor blade in an oocyte 
collection medium including 5 cm3 TL HEPES (Minitube, 
Germany) with the addition 30 mg of bovine serum albu-
min (Sigma, USA). Removal of cumulus cell-oocyte com-
plexes, their selection and setting for maturation, fertiliza-
tion, and subsequent cultivation were also performed in a 
sterile box (Fig. 1).

 
 

b 

a 

Figure 1. Cumulus cell-oocyte complexes of cows
Note: a – suitable for further cultivation; b – subject to culling. Native preparation. Mag.: ×80 

After evaluation under a stereomicroscope SZ51 
(Olympus, Japan), cumulus cell-oocyte complexes (COCs) 
of 120-130 µm with solid dense cumulus, intact transparent 
shell and homogeneous unvacuolized ooplasm of regular 
rounded shape were selected, without visible morphological 
signs of atresia (see Fig. 1). 

The extracted COCs were washed 6 times in an 
oocyte collection medium. These complexes were selected 
and washed on a heating table at 37°C.

Bull sperm was prepared for fertilization using den-
sity gradients “Origio Gradient Series” (Origio, Denmark) 
and sperm capacitation medium (Minitube, Germany). The 
components of the gradient were heated to room tem-
perature (20-25°C), all other reagents were equilibrated in 
a CO2 incubator at 38.5-39.0°C and 5% CO2 for at least 
2 hours. The gradient was prepared by carefully layering 
on 1 cm3 of “Origio Gradient 40” and on 1 cm3 of “Origio 
Gradient 80”, after which sperm previously thawed in a wa-
ter bath was carefully introduced. The resulting system was 
centrifuged at a centrifugal force of 300 g for 20 minutes. 
The supernatant was removed, and the precipitate was 
transferred with a new sterile tip to a 2 cm3 tube media for 
preparation and capacitation of spermatozoa. The speci-
fied medium consisted of 5 cm3 base capacitation solution 
(Minitube, Germany), 30 mg bovine serum albumin (Sigma, 
USA), 0.55 mg sodium pyruvate (Sigma, USA) and 50 mm3 
antibiotic-antimycotic (Sigma, USA). Then the contents 
of the test tube were centrifuged at a centrifugal force of 
300 g for 5 minutes. Most of the supernatant was removed, 
and the procedure was repeated twice. After washing, the 
sediment was transferred to the bottom of a test tube with 
1 cm3 of a new portion of medium for the preparation and 
capacitation of spermatozoa. The mobile sperm fraction 
was obtained using the swim-up method described by 

Parrish et al. [15]. Incubation for 1 hour was sufficient for 
mobile spermatozoa to rise to the upper layers of the me-
dium, while dead and pathologically altered stayed at the 
bottom of the test tube. Motile spermatozoa were capaci-
tated in the medium for preparation and capacitation for 
4 hours of exposure to heparin (Sigma, USA) at a concentra-
tion of 20 μg/cm3 in a CO2 incubator at 38.5-39.0°C and 5% 
CO2. After capacitation, the spermatozoa were centrifuged 
at a centrifugal force of 200 g for 5 minutes. The supernatant 
was removed and 1 cm3 of fertilization medium was added, 
and the concentration of spermatozoa was counted in the 
Goryaev chamber.

At the first stage of the study, two media for oocyte 
maturation were compared: 

1. The first medium included 4.5 cm3 of initial solution 
of the maturation medium TCM 199 (Minitube, Germany), 
0.5 cm3 of cow oestrus serum, 0.125 IU of follicle-stimu-
lating hormone (FSH) and 0.125 IU of luteotrophic hor-
mone (LH) (50 mm3 of “Pluset”, Laboratories Calier S.A., 
Spain), 0.125 IU of FSH (“FSH-Super”, Agrobiomed, RF) and 
50 mm3 of antibiotic-antimycotic (Sigma, USA).

2. The second medium included 4.5 cm3 of Universal 
(Origio, Denmark), 0.5 cm3 of cow oestral serum, 0.125 IU 
of FSH and 0.125 IU of LH (50 mm3 “Pluset”, Laborato-
ries Calier S.A., Spain) and 0.125 IU of FSH (“FSH-Super”, 
Agrobiomed, Russia) and 50 mm3 of antibiotic-antimycotic 
(Sigma, USA).

Oocytes were matured in vitro for 22-24 hours in 
4-well plates (Oosafe, USA). 300 mm3 of medium was in-
troduced into each well, covered with mineral oil (Origio, 
Denmark), 25 COCs were added and cultivated in a CO2 in-
cubator at 38.5°C and 5% CO2. After cultivation, the oocytes 
were co-cultured with spermatozoa. The specified medium 
included 5 cm3 base capacitation solution (Minitube, 
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Germany), 30 mg of bovine serum albumin, 0.11 µg of sodium 
pyruvate, 0.2 mg of heparin, and 50 mm3 of antibiotic-an-
timycotic (Sigma, USA). Oocytes were fertilized in 4-well 
plates (Oosafe, USA). 300 mm3 of the medium was covered 
with mineral oil (Origio, Denmark) for 18 h after the addi-
tion of capacitated spermatozoa (at the rate of 1×106 mo-
tile spermatozoa/cm3). The number of oocytes in the well 
ranged from 5 to 10. After co-culture, bovine oocytes with 
loose enlarged cumulus were released from cumulus cells 
by gentle pipetting in 0.1% hyaluronidase solution (Sigma, 
USA). Then the oocytes were washed from the enzyme in 
5-6 drops of TL HEPES (Minitube, Germany) and trans-
ferred to a culture medium comprising 5 cm3 of culture me-
dium with pyruvate (Minitube, Germany), 0.5 cm3 of bovine 
estrous serum, 200 mm3 of essential amino acids (Sigma, 
USA), 50 mm3 of substitute amino acids and 50 mm3 of an-
tibiotic-antimycotic (Sigma, USA). Fertilized oocytes were 
discovered by division from the 2- to 8-cell stage 48 hours 
after contact with spermatozoa. On Day 7 of cultivation, 
the resulting blastocysts were evaluated under a stereomi-
croscope and their percentage was determined.

Since TCM 199 maturation medium turned out to 
be more effective, further studies were conducted using it.

At the second stage of the study, two protocols for 
culturing bovine embryos were compared:

1. Minitube cultivation protocol (n = 50):
– oocytes were co-cultured with spermatozoa for 18 h 

in a fertilization medium including 5 cm3 of base capaci-
tation solution (Minitube, Germany), 30 mg of bovine serum 
albumin, 0.11 µg of sodium pyruvate, 0.2 mg of heparin, and 
50 mm3 of antibiotic-antimycotic (Sigma, USA). Subsequently, 
the embryos were transferred to the embryo culture medium;

– the medium for embryo cultivation included 5 cm3 
of culture medium with pyruvate (Minitube, Germany), 
0.5  cm3 of bovine oestrous serum, 200 mm3 of essential 
amino acids (Sigma, USA), 50 mm3 of substitute amino 
acids and 50 mm3 of antibiotic-antimycotic (Sigma, USA), 
where they were cultured for 8 days.

2. Two-stage Origio cultivation protocol (n = 50) with 
changing media:

– oocytes were co-cultivated with spermatozoa for 18 hours 
in Sequential Fert medium (Origio, Denmark) with the ad-
dition of 10 mm3/cm3 of an antibiotic-antimycotic (Sigma, 
USA), after which the selected embryos were transferred to 
the medium for their cultivation;

– in Sequential Cleav medium (Origio, Denmark) with the 
addition of 10 mm3/cm3 antibiotic-antimycotic (Sigma, USA), 
embryos were cultured for 48 hours until their 4-8-cell stage;

– in Sequential Blast medium (Origio, Denmark) with the 
addition of 10 mm3/cm3 of an antibiotic-antimycotic (Sigma, 
USA), the embryos were further cultured for up to 8 days.

Embryos were cultivated in microdrops of 65 mm3 
(3 embryos per drop) under a layer of mineral oil (Origio, 
Denmark) in culture dishes (Oosafe, USA) in a CO2 incubator 
at 38.5°C with 5% CO2 and 5% O2. 

The effectiveness of diverse bovine embryo culture 
protocols was evaluated on days 6 and 8. Therewith, the 
percentage of blastocysts obtained was found under a ste-
reomicroscope.

Statistical processing of the obtained experimental 
results was performed according to N.A.  Plokhinsky [31] 
and E.V. Montsevichyute-Eringeme [32] using the Microsoft 
Excel data analysis package [33]. Arithmetic mean values 
and their errors were found, and the probability of difference 
between parallel data sets was determined. In all cases, the 
difference was considered reliable at P < 0.05.

Results and Discussion
Maturation of ova outside the body or in vitro Maturation (IVM) 
is an important stage of the technology of obtaining bo-
vine embryos in vitro. Its improvement will considerably in-
crease the efficiency of in vitro fertilization and, as a result, 
increase the percentage ratio of the number of embryos 
suitable for transplantation to the number of ova used. 
Along with the bovine-adapted maturing medium TCM 199 
(with the addition of bovine oestrous serum, FSH and LH), 
this study presents the effectiveness of the Universal me-
dium (with the addition of bovine oestrous serum, FSH and 
LH in the same concentration), which is normally used in 
humanitarian medicine (Table 1).

Table 1. The influence of different environments on the maturation and further development  
of oocytes in vitro, M ± m, n = 3

No. 
seq.

Composition of the medium for 
oocyte maturation

Number of 
COCs, pcs

Number of 
expertiments

Division,
%

Development to the blastocyst 
stage (Day 8 of cultivation)

% of the number 
of oocytes

% of the number 
of embryos

1

4.5 cm3 of the initial solution of 
maturation medium TCM 199, 0.5 cm3 

of bovine oestrous serum, 0.25 IU 
FSH and 0.125 IU LH

100 3 64.3 ± 1.0 25.3 ± 1.0 38.8 ± 2.1

2
4.5 cm3 of Universal, 0.5 cm3 of 

bovine oestrous serum, 0.25 IU FSH 
and 0.125 IU LH

100 3 60.3 ± 1.4 20.0 ± 0.6** 33.2 ± 0.7*

Note: * P < 0.05, * * p < 0.01, compared to the indicators of medium No. 1

A comparison of the two maturation media, TCM 199 
and Universal, did not reveal a statistically significant dif-
ference in the percentage of embryos at the stage of 2-8 cells 
at 48 hours of cultivation, although it was 4% higher when 
using medium No. 1 compared to medium No.  2. At the 

same time, on Day 8 of oocyte culture, a significant dif-
ference (P < 0.01) between the groups was established. 
Thus, in the group of dishes, the basis of which medium for 
maturation was TCM 199, the number of blastocysts was 
25.3 ± 1.0% per 100 taken COCs. When using a medium for 
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oocyte maturation, which included Universal, the indicator 
was lower by 5.3% (P < 0.01) compared to the indicators of 
medium No. 1 (per 100 COCs). 

The above pattern was also observed when calculating 
the percentage of blastocysts from the number of embryos. 
Thus, on Day 8 of cultivation, it was noted that the values 
of this indicator in Group No. 2 decreased by 5.6% (P < 0.05) 
compared to Group No. 1. Analysing the data obtained, the 
use of TCM 199 medium for maturation of oocytes is more 
effective compared to Universal both at the initial stages of 
embryo development – division, and at the following stages – 
up to the blastocyst stage.

Syngina et al. consider 30.6% the best result in ob-
taining blastocysts [34]. Inaba et al. indicate that the percent-
age of blastocysts obtained is also substantially affected by 
the sperm used for fertilization. Therefore, these indicators 
in their study ranged within 22-44% [35]. Sirard et al. [36] 
reported that culturing oocytes in medium containing 
TCM  199 supplemented with 10% heat-treated fetal calf se-
rum, FSH (0.5 μg/cm3), LH (5 μg/cm3), and estradiol-17beta 
(1 μg/‌cm3) is the most effective of those studied because the 
frequency of obtaining late morulae or blastocysts was 28%. 
According to the research results, when using both TCM 199 
and Universal as a medium for oocyte maturation (which were 
not previously used for bovine oocyte maturation), the per-
centage of divisiеon and the percentage of embryos obtained 
were within the data presented by other scientists [34-36].

Presently, the production of embryos in vitro has 

become the dominant method of producing bovine em-
bryos for transplantation to female recipients. However, 
the protocols to produce embryos in vitro are not agreed 
upon. Thus, the proportion of embryos developing to the 
blastocyst stage is usually less than 40%. While embryos 
developing in vivo become blastocysts in 50-80% [37]. 

One of the strategies for improving in vitro embryo 
production programs is to change the cultivation condi-
tions, which will stimulate development and improve the 
ability of embryos to implant. There is evidence [38] that 
changes in the culture medium can lead to the loss of im-
portant regulatory factors for embryos. It is known that 
changes in the cultivation environment do not lead to the 
accumulation of toxic substances [38].

A comparative evaluation of the cultivation proto-
cols of two different producers was performed: Minitube, 
which does not involve changing the environment during 
cultivation, and Origio with a two-stage cultivation protocol 
with changing “Sequential Cleav” to “Sequential Blast” for 
48 hours of incubation.

TCM 199 medium was used for oocyte maturation 
because according to the results of the study given above, it 
turned out to be the most effective. After purification from 
cumulus (Fig. 2), oocytes were transferred to the Minitube 
culture medium using the first protocol and “Sequential 
Cleav” – using the second protocol. At 48 hours, the first 
differences in embryo development were observed, which 
lasted up to Days 6 and 8 (Table 2). 

 

Figure 2. Bovine oocytes after co-cultivation with spermatozoa and purification from cumulus cells.  
Native preparation. Mag.: ×80

Table 2. Comparative evaluation of embryo culture protocols and their further development in vitro, M ± m, n = 3

No. 
seq.

Bovine embryo cultivation 
protocol

Number of 
COCs, pcs

Number of 
expertiments

Division,
%

Development to the blastocyst stage,
% of the number of embryos

(Day 6) (Day 8)

1
Minitube (medium for fertilization 

(18 hours) and medium for 
cultivation (up to 8 days)

100 3 64.0 ± 1.7 35.9 ± 2.1* 38.8 ± 0.8*

2
Origio (“Sequential Fert” (18 hours), 

“Sequential Cleav” (48 hours) and 
“Sequential Blast” (up to 8 days)

100 3 62.7 ± 1.5 28.1 ± 1.8 35.0 ± 1.1

Note: * P < 0.05, compared to the indicators of Protocol No. 2
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The results presented in Table 2 suggest that using the 
first protocol of cultivation of 2-8 cell embryos was 1.3% more 
compared to Protocol No. 2 (Origio scheme). Therewith, there 
is no statistically significant difference between the indicators.

On Day 6 of cultivation, 7.8% more blastocysts were 
obtained from the number of embryos using Protocol No. 1 
compared to Protocol No. 2. On Day 8 of cultivation, 3.8% 
more blastocysts were observed from the total number of 
embryos using Protocol No. 1 compared to Protocol No. 2.

Thus, on Day 8 of cultivation, an average of 25 blas-
tocysts per 100 COCs were obtained using the Minitube 

protocol. The use of Origio media resulted in 23 blasto-
cysts. The results show that the Minitube protocol is sig-
nificantly more effective than Origio for the cultivation of 
bovine embryos.

In the embryo, the number of cells and their place-
ment in the blastocyst are considered indicators of the 
embryo’s developmental potential [39-41]. That is why the 
described studies found the percentage of blastocysts from 
the number of embryos on Days 6 and 8 of cultivation.

Thus, on Day 6 of cultivation, it was found that the 
embryos are at various stages of development (Fig. 3). 

 
 

c 

d 

b 

a 

Figure 3. Bovine embryos at various stages of development 
(Day 6 of cultivation)

Note: a) blastocyst emerging from the zona pellucida; b) expanded blastocyst; c) early blastocyst; d) morula.
Native preparation. Mag.: ×200

Thus, Oliveira et al. [42], investigating the kinetic 
laws of success and the reasons for the inability of embryos 
to reach the blastocyst stage, obtained the maximum per-
centage of blastocyst yield – 29.9%. While in Stoliarova and 
Leontieva [43], using KSOM medium with the addition of 
1 mM glutamine and bovine serum albumin at a concentra-
tion of 1 mg/cm3, this indicator was 22.3%. According to the 
study results, the use of the bovine embryo cultivation pro-
tocol, both Minitube and Origio, which was not previously 
used for the cultivation of bovine embryos, the percentage 
of division and the percentage of obtained embryos were 
within the data presented by other scientists [42; 43].

Conclusions
Recent advances in assisted reproductive technologies are 
a powerful tool that can be used to improve and address the 
challenges of animal husbandry in the future. Thus, as a re-
sult of using the Minitube maturation medium for 48 hours 
of cultivation, 4% more embryos were obtained at the 

2-8 cell stage, compared to Universal, which is 64.3 ± 1.0 and 
60.3 ± 1.4%, respectively. On Day 8 of cultivation, when us-
ing the TCM 199 oocyte maturation medium, a larger num-
ber of blastocysts per 100 cumulus cell-oocyte complexes 
was observed compared to Universal, namely: 25.3 ± 1.0 and 
20.0 ± 0.6, respectively. At 48 hours of cultivation using the 
Minitube protocol, 1.3% more 2-8 cell embryos were ob-
tained compared to the Origio scheme. Therewith, the speci-
fied indicator was 64.0 ± 1.7 and 62.7 ± 1.5%, respectively. On 
Day 6 of cultivation, there are 7.8% more blastocysts from 
the number of embryos using the Minitube culture protocol 
compared to the Origio protocol. Using the Minitube bovine 
embryo culture protocol, 38.8 ± 0.8 blastocysts were ob-
tained on Day 8 of the study, which is 3.8% more than Origio.

Applying these results to ruminant reproduction 
biotechnology will help manage the limited availability of 
resources and the increased need for food production be-
cause producers will be able to cause rapid genetic changes 
to create the next generation of animals.

Rеferences
[1]	 Herrero, M., Grace, D., Njuki, J., Johnson, N., Enahoro, D., Silvestri, S., & Rufino, M.C. (2013). The roles of livestock in 

developing countries. Animal, 1, 3-18. doi: 10.1017/S1751731112001954.
[2]	 Raney, T., Skoet, J., & Steinfeld, H. (2009). The state of food and agriculture: Livestock in the balance. Rome: Food and 

Agriculture Organization of the United Nations.
[3]	 Jennifer, A., Hernandez, G., & Craig, A.G. (2013). Role of reproductive biotechnologies in enhancing food security and 

sustainability. Animal Frontiers, 3(3), 14-19. doi: 10.2527/af.2013-0019.
[4]	 Erickson, B.H. (1966). Development and senescence of the postnatal bovine ovary. Journal of Animal Science, 5(3), 800-805.
[5]	 Gómez, E., Rodríguez, A., Muñoz, M., Caamaño, J.N., Hidalgo, C.O., Morán, E., Facal, N., & Díez, C. (2008). Serum free 

embryo culture medium improves in vitro survival of bovine blastocysts to vitrification. Theriogenology, 69(8), 1013-1021. 
doi: 10.1016/j.theriogenology.2007.12.015.



23

Kovpak et al.

Ukrainian Journal of Veterinary Sciences. 2022. Vol. 13, No. 3

[6]	 Bousquet, D., & Blondin, P. (2004). Potential uses of cloning in breeding schemes: Dairy cattle. Cloning Stem Cells, 
6(2), 190-197. doi: 10.1089/1536230041372373.

[7]	 Rutledge, J.J. (1997). Featured article: Cattle breeding systems enabled by in vitro embryo production. Embryo Transfer 
Newsletter, 15, 14-18.

[8]	 Moore, S.G., & Hasler,  J.F. (2017). A 100-year review: Reproductive technologies in dairy science. Journal of Dairy 
Science, 100(12), 10314-10331. doi: 10.3168/jds.2017-13138.

[9]	 Casida, L.E., Meyer, R.K., McShan, W.H., & Wisnicky, W. (1943). Effects of pituitary gonadotropins on the ovaries and 
the induction of superfecunity in cattle. American Journal of Veterinary Research, 4, 76-79.

[10]	 Polge, Ch. (2000). Lionel Edward Aston Rowson, O.B.E. 28 May 1914 – 26 July 1989. Biographical Memoirs of Fellows of 
the Royal Society, 46, 483-497. doi: 10.1098/rsbm.1999.0097.

[11]	 Iritani, A., & Niwa, K. (1977). Capacitation of bull spermatozoa and fertilization in vitro of cattle follicular oocytes 
matured in culture. Journal of Reproduction and Fertility, 50, 119-121.

[12]	 Brackett, B.G., Bousquet, D., Boice, M.L., Donawick, W.J., Evans, J.F., & Dressel, M.A. (1986). Normal development 
following in vitro fertilization in the cow. Biology of Reproduction, 27, 147-158.

[13]	 Mapletoft,  R.J., & Hasler,  J.F. (2005). Assisted reproductive technologies in cattle: A review. Revue Scientifique et 
Technique, 24(1), 393-403.

[14]	 Block, J., Bonilla, L., & Hansen, P.J. (2009). Effect of addition of hyaluronan to embryo culture medium on survival 
of bovine embryos in vitro following vitrification and establishment of pregnancy after transfer to recipients. 
Theriogenology, 71(7), 1063-1071. doi: 10.1016/j.theriogenology.2008.11.007.

[15]	 Parrish, J.J., Susko-Parrish, J.L, Leibfried-Rutledge, M.L., Critser, E.S., Eyestone, W.H., & First, N.L. (1986). Bovine in 
vitro fertilization with frozen-thawed semen. Theriogenology, 25(4), 591-600. doi: 10.1016/0093-691X(86)90143-3.

[16]	 Stroud,  B. (2012). IETS 2012 statistics and data retrieval committee report. Embryo Technology Newsletter of the 
International Embryo Technology Society, 30, 16-26.

[17]	 Viana,  J. (2018). 2017 statistics of embryo production and transfer in domestic farm animals. Embryo Technology 
Newsletter of the International Embryo Technology Society, 36, 8-25.

[18]	 Lonergan, P., & Fair, T. (2008). In vitro-produced bovine embryos: Dealing with the warts. Theriogenology, 69(1), 17-22. 
doi: 10.1016/j.theriogenology.2007.09.007.

[19]	 Ferré, L.B., Kjelland, M.E., Strоbech, L.B., Hyttel, P., Mermillod, P., & Ross, P.J. (2020). Review: Recent advances 
in bovine in vitro embryo production: reproductive biotechnology history and methods. Animal, 14(5), 991-1004. 
doi: 10.1017/S1751731119002775.

[20]	 Besenfelder, U., Brem, G., & Havlicek, V. (2020). Review: Environmental impact on early embryonic development in 
the bovine species. Animal, 14(1), 103-112. doi: 10.1017/S175173111900315X.

[21]	 Maeda, J., Kotsuji, F., Negami, A., Kamitani, N., & Tominaga, T. (1996). In vitro development of bovine embryos in 
conditioned media from bovine granulosa cells and vero cells cultured in exogenous protein- and amino acid-free 
chemically defined human tubal fluid medium. Biology of Reproduction, 54(4), 930-936. doi: 10.1095/biolreprod54.4.930.

[22]	 Aguilar, J., & Reyley, M. (2005). The uterine tubal fluid: Secretion, composition and biological effects. Animal Reproduction, 
2, 91-105.

[23]	 Goovaerts, I.G., Leroy, J.L., Van Soom, A., De Clercq, J.B., Andries, S., & Bols, P.E. (2009). Effect of cumulus cell coculture 
and oxygen tension on the in vitro developmental competence of bovine zygotes cultured singly. Theriogenology, 
71(5), 729-738. doi: 10.1016/j.theriogenology.2008.09.038.

[24]	 Chen, S., Palma-Vera, S.E., Langhammer, M., Galuska, S.P., Braun, B.C., Krause, E., Lucas-Hahn, A., & Schoen, J. (2017). 
An air-liquid interphase approach for modeling the early embryo-maternal contact zone. Scientific Reports, 7(1), 
article number 42298. doi: 10.1038/srep42298.

[25]	 Ferraz, M.M., Rho, H.S., Hemerich, D., Henning, H.H., van Tol, H.T., Hölker, M., Besenfelder, U., Mokry, M., Vos, P.L., 
Stout, T.A., Le Gac, S., & Gadella, B.M. (2018). An oviduct-on-a-chip provides an enhanced in vitro environment for 
zygote genome reprogramming. Nature Communications, 9(1), article number 4934. doi: 10.1038/s41467-018-07119-8.

[26]	 Rizos, D., Gutiérrez-Adán, A., Pérez-Garnelo, S., De La Fuente, J., Boland, M.P., & Lonergan, P. (2003). Bovine embryo 
culture in the presence or absence of serum: Implications for blastocyst development, cryotolerance, and messenger 
RNA expression. Biology of Reproduction, 68(1), 236-243. doi: 10.1095/biolreprod.102.007799.

[27]	 Leivas,  F.G., Brum,  D.S., Fialho,  S.S., Saliba,  W.P., Alvim,  M.T., Bernardi,  M.L., Rubin,  M.I., & Silva,  C.A. (2011). 
Fetal calf serum enhances in vitro production of Bos taurus indicus embryos. Theriogenology, 75(3), 429-433. 
doi: 10.1016/j.theriogenology.2010.08.017.

[28]	 Soto-Moreno, E.J., Balboula, A., Spinka, C., & Rivera, R.M. (2021). Serum supplementation during bovine embryo 
culture affects their development and proliferation through macroautophagy and endoplasmic reticulum stress 
regulation. PLoS One, 16(12), article number 0260123. doi: 10.1371/journal.pone.0260123.

[29]	 Zullo,  G., De  Canditiis,  C., Pero,  M.E., Albero,  G., Salzano, A., Neglia,  G., Campanile,  G., & Gasparrini,  B. (2016). 
Crocetin improves the quality of in vitro-produced bovine embryos: Implications for blastocyst development, 
cryotolerance, and apoptosis. Theriogenology, 86(8), 1879-1885. doi: 10.1016/j.theriogenology.2016.06.011.

[30]	 Thompson, J.G., & Peterson, A.J. (2000). Bovine embryo culture in vitro: New developments and post-transfer 
consequences. Human Reproduction, 5, 59-67. doi: 10.1093/humrep/15.suppl_5.59.

[31]	 Plokhinskiy, N.A. (1970). Biometrics. Moscow: Publishing House of Moscow University.
[32]	 Montsevichyute-Eringeme, Ye.V. (1964). Simplified mathematical and statistical methods in medical research work. 

Pathological Physiology and Experimental Therapy, 8(4), 71-78.



24

Influence of different environments on oocyte maturation...

Ukrainian Journal of Veterinary Sciences. 2022. Vol. 13, No. 3

[33]	 Lesnikova, I.Y., & Kharchenko, Y.M. (2002). Fundamentals of work and solving problems of agriculture in the environment 
of spreadsheets EXCEL. Dnipro: Thresholds.

[34]	 Singina, G.N., Lebedeva, I.Yu., Shedova, Ye.N., Taradaynik, T.Ye., Mityashova, O.S., Tsyndrina, Ye.V., & Danch, S.S. (2017). 
The ability of bovine oocytes to embryonic development during maturation in different systems of two-phase cultivation. 
Agricultural Biology, 52(4), 776-784. doi: 10.15389/agrobiology.2107.4.776rus.

[35]	 Inaba, Y., Abe, R., Geshi, M., Matoba, S., Nagai, T., & Somfai, T. (2016). Sex-sorting of spermatozoa affects developmental 
competence of in vitro fertilized oocytes in a bull-dependent manner. Journal of Reproduction and Development, 62(5), 
451-456. doi: 10.1262/jrd.2016-032.

[36]	 Sirard, M.A., Parrish, J.J., Ware, C.B., Leibfried-Rutledge, M.L., & First, N.L. (1988). The culture of bovine oocytes to obtain 
developmentally competent embryos. Biology of Reproduction, 39(3), 546-552. doi: 10.1095/biolreprod39.3.546.

[37]	 Hansen, P.J. (2020). The incompletely fulfilled promise of embryo transfer in cattle-why aren’t pregnancy rates greater 
and what can we do about it? Journal of Animal Science, 98(11), article number  288. doi: 10.1093/jas/skaa288.

[38]	 Wang, H., Cao, W., Hu, H., Zhou, C., Wang, Z., Alam, N., Qu, P., & Liu, E. (2021). Effects of changing culture medium 
on preimplantation embryo development in rabbit. Zygote, 29, 1-6. doi: 10.1017/S0967199421000721.

[39]	 Iwasaki, S., Yoshiba, N., Ushijima, H., Watanabe, S., & Nakahara, T. (1990). Morphology and proportion of inner cell mass of 
bovine blastocysts fertilized in vitro and in vivo. Journal of Reproduction and Fertility, 90(1), 279-284. doi: 10.1530/jrf.0.0900279.

[40]	 Mori, M., Otoi, T., & Suzuki, T. (2002). Correlation between the cell number and diameter in bovine embryos produced 
in vitro. Reproduction in Domestic Animals, 37(3), 181-184. doi: 10.1046/j.1439-0531.2002.00354.x.

[41]	 Van  Soom,  A., Boerjan,  M., Ysebaert,  M.T., & de  Kruif,  A. (1996). Cell allocation to the inner cell mass and the 
trophectoderm in bovine embryos cultured in two different media. Molecular Reproduction and Development, 45(2), 
171-182. doi: 10.1002/(SICI)1098-2795(199610)45:2<171::AID-MRD10>3.0.CO;2-4.

[42]	 Oliveira, C.S., de Barros, B.A., Monteiro, C.A., Rosa, P.M., Leal, G.R., Serapião, R.V., & Camargo, L.S. (2019). Individual 
assessment of bovine embryo development using a homemade chamber reveals kinetic patterns of success and failure to 
reach blastocyst stage. Systems Biology in Reproductive Medicine, 65(4), 301-311. doi: 10.1080/19396368.2019.1589601.

[43]	 Stolyarova, V.N., & Leontyev, A.A. (2009). Obtaining bovine embryos by maturation and fertilization of oocytes 
in vitro. Agricultural Journal, 1, 1-4.

Вплив різних середовищ на дозрівання ооцитів 
та розвиток ембріонів великої рогатої худоби в умовах in vitro
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Анотація. Згідно з даними International Embryo Technology Society, кількість ембріонів великої рогатої худоби, які 
виробляються за технологією запліднення в умовах in vitro, зростає з кожним роком. Однак, незважаючи на великі 
обсяги їх виробництва, ефективність цього методу залишається низькою і потребує удосконалення. Тому, метою 
дослідження було порівняти ефективність двох комерційних середовищ – Origio Sequential Series (Origio, Данія) 
і панелі продуктів виробництва Minitube (Німеччина) щодо дозрівання ооцитів та розвитку ембріонів великої 
рогатої худоби в умовах in vitro. На першому етапі дослідження проведено порівняльну оцінку середовищ для 
дозрівання ооцитів: на основі культуральних середовищ TCM 199 (Minitube) та «Universal» (Origio). На другому – 
здійснено порівняння протоколів культивування ембріонів великої рогатої худоби: Minitube та двоступеневого 
протоколу культивування Origio зі зміною середовищ. При цьому встановлено, що використання середовища 
TCM  199 для дозрівання ооцитів є ефективнішим у порівнянні з «Universal». Так, на 48 год культивування 
(початковий етап розвитку ембріона) отримано 64,3 ± 1,0 і 60,3 ± 1,4 % 2-8 клітинних ембріонів, а на 8 добу – 
25,3 ± 1,0 і 20,0 ± 0,6 % бластоцист, відповідно. Результати порівняння протоколів культивування ембріонів великої 
рогатої худоби показали, що за використання середовищ як Minitube, так і Origio відсоток ділення та відсоток 
отриманих ембріонів відповідали їх відомим значенням. При цьому, встановлено, що протокол культивування 
Minitube є ефективнішим за Origio. Зокрема, на 48 год кількість отриманих ембріонів за використання протоколу 
культивування Minitube була на 1,3 % більшою порівняно з Origio, на 6 добу – на 7,8 %, а на 8 добу – на 3,8 %. 
Отримані результати є необхідною складовою розробки успішних процесів виробництва ембріонів великої 
рогатої худоби в умовах in vitro з подальшим впровадженням у біотехнологію відтворення жуйних

Ключові слова: ембріональний розвиток, культуральні середовища Minitube і Origio, протоколи культивування, 
біотехнологія відтворення жуйних


