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ABSTRACT 

The aim of the research was to study the influence of the sperm cells’ qualitative parameters on cow fertility at 

artificial insemination and fertilization of oocytes under in vitro conditions. The research methodology provides 

two independent experiments: the first one is to assess the influence of sperm qualitative indicators on the fertility 

of cows when applying artificial insemination; the second one is to assess the influence of qualitative indicators 

of sperm production during fertilization of oocytes in vitro. Studies were carried out on the qualitative parameters 

of sperm (sperm activity, number of live and dead sperm, acrosome integrity) from 6 different breeding bulls, as 

well as the effect of these indicators on the fertility of cows in the estruation stage and the fertility of oocytes in 

vitro. In the course of the first experiment, it was found that the bulls’ sperm samples had an activity of 30.0±2.72% 

- 40.0±2.71%; indicators of live and dead sperm were 0.8-1%; the acrosome integrity corresponded to the norm 

(from 15.7±1.5 to 23.7±3.9%). Qualitative sperm indicators of the bull named Bokar-M (sperm activity 

(40.0±2.71%), a low number of sperm cells with a damaged acrosome (15.7±1.5%)) positively influenced the 

fertility of cows inseminated at the first menstruation (50%), their service period was 92.5±1.8 days. In the course 

of the second experiment, it was found that sperm samples from bulls had an activity of 33.0±2.3% - 42.0±2.10%, 

indicators of live and dead sperm when stained with eosin from 0.8-1%; the integrity of the sperm acrosome 

corresponded to the norm and was on average marked at the level from 25.2±1.8 to 36.3±2.2%. Better results at in 

vitro fertilization of oocytes (50% of fertilization) were obtained using the semen of the bull named Matthias-

4593. 
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Introduction 

For the livestock industry successful development, an important factor is considered to be good 

reproductive characteristics of heifers, cows and servicing bulls. Most farms raise and evaluate 

cows and heifers independently at all technological stages, and have an opportunity to form 

animal groups according to the desired phenotype and genotype, to conduct a comprehensive 

assessment of the animal, including its productive potential and reproductive capacity, and, 

based on the data obtained, make a decision on its further use (Gorelik, Brjanzev, Safronov, 

Gritsenko, & Shakirov, 2021; Gritsenko, 2016; Morrell & Rodriguez-Martinez, 2009). 

An important indicator of the efficient cattle reproduction is the ability of sperm from servicing 

bulls to fertilize an oocyte. Sperm products are usually purchased at livestock breeding 

enterprises specializing in breeding servicing bulls. At breeding enterprises, breeders conduct 

a comprehensive assessment and work to improve the economically useful qualities of animals. 
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Sperm products are obtained from bulls that have passed the assessment and received 

permission for use in accordance with the technologies provided by the enterprise. When 

obtaining semen, it is important to comply with all technological conditions, since the quality 

indicators are influenced by many factors, which include feeding and keeping bulls, hygiene of 

semen collection, composition of diluents, methods of freezing and thawing, and other factors. 

Sperm products obtained from breeding bulls are usually delivered to livestock enterprises 

frozen in liquid nitrogen in various forms (granules, straws) (Alm-Kristiansen et al., 2018; Iqbal 

et al., 2016; Luno et al., 2014; Morrell & Wallgren, 2014). 

Freezing and storing sperm in liquid nitrogen is the most important method of animal 

reproductive biotechnology; however, the quality indicators and fertilizing ability of frozen and 

then thawed sperm suffer greatly, and thus, the sperm remain incapable to fertilize an oocyte 

both in artificial cattle insemination and in modern methods of oocyte fertilization in vitro 

(Mostek, Dietrich, Słowińska, & Ciereszko, 2017; Murphy, Eivers, O'Meara, Lonergan, & Fair, 

2018; Naresh, 2016; Nongbua, Al-Essawe, Edman, Johannisson, & Morrell, 2018; Paudel et 

al., 2018; Tkachev, Tkacheva, Zubova, Pleshkov, & Smolovskaya, 2020b). 

Despite the fact that research on improving the quality indicators of frozen-thawed sperm is 

being carried out by scientists all over the world and many positive points have already been 

achieved, this factor of reproduction requires a study and a scientifically substantiated proposal 

to livestock breeders to increase fruitful inseminations using various methods (Bagirov, 

Iolchiev, Tadzhieva, & Klenovitsky, 2015; Kumar, Kumar, Singh, Yadav, & Yadav, 2016; 

Pleshakov, 2004; Tkachev et al., 2020a, 2020b). 

Currently, much attention is focused on the study of genetic material and drugs for compliance 

with their quality standards, including the study of semen. It has been reliably proven that in 

Russia and abroad, most of the producers supply farms with low-quality biotechnological sperm 

from servicing bulls. Sperm either die during thawing or freezing, or lose their fertilizing ability 

from other reasons (Alm-Kristiansen et al., 2018; Iqbal et al., 2016; Luno et al., 2014; Morrell 

& Wallgren, 2014; Tkachev et al., 2020b). 

Development of recommendations for determining the sperm acrosome integrity using the stain 

test kit Diff-Quick, produced by the All-Union State Scientific Control Institute of Veterinary 

Drugs together with the All-Russian Scientific Research Institute of Animal Husbandry named 

after L.K. Ernst, allows performing a more accurate prediction of the sperm fertilizing ability. 

Scientists note that "the staining technique specified in GOST 32277-2013 does not meet 

modern requirements for determining the integrity of the sperm acrosome, and the 

eosin/nigrosine stain is advised to be used only to establish quantitative indicators of dead and 

live sperm" (Nikulin et al., 2018, p. 33). 

For the successful development of animal husbandry, both with the use of the artificial 

insemination method and the introduction of modern biotechnological methods of reproduction, 

it is important to take into account the qualitative characteristics of the semen that affect the 

fertilizing ability along with the assessment of bulls by their offspring quality (Borunova et al., 

2017; Chugunov, Popova, & Protopopova, 2020; Eskin, 2008; Tkachev & Tkacheva, 2017). 
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In this regard, when used in methods of artificial insemination and in vitro fertilization, it 

becomes relevant to study the qualitative characteristics of bulls’ sperm production in order to 

develop a scientifically substantiated method of using frozen-thawed sperm. 

 

Purpose of the research 

The research was aimed at studying the influence of the sperm qualitative parameters the cow 

fertility when applying artificial insemination and the oocyte fertilization under in vitro 

conditions. 

 

Tasks 

1. To conduct a study of frozen-thawed sperm samples for motility (activity), quantitative 

indicators of live and dead sperm, as well as to determine the sperm acrosome integrity in the 

test samples. 

2. To determine the influence of the sperm cells’ quality indicators on the cows’ fertility and 

service period when applying artificial insemination. 

3. To determine the influence of the sperm cells’ quality indicators on the fertilization of oocytes 

in vitro. 

 

Materials and Methods 

Studies of the frozen-thawed semen samples were carried out on the semen of 6 breeding bulls, 

tested for the quality of the offspring. The supplier of semen products for the study was 

Kemerovoplem, JSC (Kemerovo region, Yasnogorskiy settlement). Sperm was delivered 

frozen in a Dewar vessel at a temperature of -196 ºС. Within the study, there were examined 10 

semen samples from each bull. 

Since the purpose of the study was to determine the sperm qualitative indicators for fertilizing 

ability in different production conditions, 2 independent studies of frozen-thawed sperm 

samples from different bulls were carried out: 1 - artificial insemination of cows, 2 - fertilization 

of oocytes in vitro. Since the experimental animals selected for artificial insemination and the 

oocyte fertilization were advised to a high class and maximally excluded the manifestation of 

other factors on the success of fertilization, the determination of the qualitative characteristics 

of the test sperm samples played a key role in determining the percentage of successful 

fertilization. 

Artificial insemination of cows was carried out in Mikhailovskoye LLC, Prokopyevsky district, 

Kemerovo region, where the semen of the bulls Canon-M SA0011329467, Houdini-M 

CA0011595031, and Bokar-M CA0011397828 was delivered. 

Experimental studies on fertilization of oocytes in vitro were carried out in the Research 

Laboratory "Biochemical, Molecular Genetic Research and Selection of Farm Animals" of the 

FSBEI HE Kuzbass State Agricultural Academy, where frozen sperm of bulls-producers of the 

Holstein Black-and-White breed (Allegro-106303101; Matthias-4593; and Nabeg-1896) was 

delivered. 
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Semen was tested for activity according to GOST 32277-2013 (Federal Agency for Technical 

Regulation and Metrology, 2014). The quantitative ratio of spermatozoa with rectilinear 

translational motion to their total number was determined visually in a crushed sperm drop by 

a microscope. 

Sperm is allowed for use, if the content of spermatozoa with rectilinear translational movement 

is not lower than 40% (GOST 26030-2015) (Federal Agency for Technical Regulation and 

Metrology, 2015). 

To determine the sperm acrosome integrity, a Diff-Quick stain kit was used. The kit consisted 

of a fixative, solution 2-pink, solution 3-blue, and buffer D (1 bottle each), it was produced by 

the research and production company "ABRIS +", Russia, St. Petersburg. The results were 

evaluated according to GOST R ISO 5725-1-2002 (State Committee of the Russian Federation 

for Standardization and Metrology, 2009). 

Oocytes for the experiment were obtained from donor cows by aspiration from the ovaries of 

live animals under ultrasound control (ovum-pick-up (OPU)) at the livestock breeding 

enterprise “Selyana”, Kemerovo region. 

In the laboratory, oocytes were washed 3 times in the medium TC-199, it contained 5%-fetal 

bovine serum (FBS), 10 μg/ml of heparin, 0.2 mM of sodium pyruvate, and 50 μg/ml of 

gentamicin. For evaluation, there were selected oocytes of a rounded shape, with a 

homogeneous cytoplasm, a pellucid zone uniform in width, surrounded by a multilayer compact 

cumulus. For fertilization, preliminarily evaluated oocytes of good and excellent quality were 

selected (Golubets et al., 2010). 

Activity related to the production, preparation and fertilization of oocytes in vitro was carried 

out according to the method "In vitro fertilization of cattle oocytes" (Novikova, Koba, Skorikov, 

& Alravashdeh, 2019). 

Statistical processing of the data was carried out on a personal computer using the Microsoft 

Office Excel program with confirmation of the reliability by the Student's t-test in the following 

values: *p <0.05; **p <0.01; ***p <0.001. 

 

Results 

The results of the first experiment showed that the sperm samples of the bull Canon-M 

CA0011329467 had an activity of 31.0±2.46% with rectilinear-translational movement of 

sperm (3.1 points), semen of the bull Bokar-M CA0011397828 had an activity of 40.0±2.71% 

(4.0 points) with translational movement, and semen of the bull Houdini-M CA0011595031 

had an activity of 30.0±2.72% (3 points) with translational movement (Table 1). 

 

Table 1. Results of determining sperm activity 

No Name and number of the servicing bulls Average activity 

indicator, % 

Average indicator, 

score 

1 Canon-М СА0011329467 31.0±2.46 3,1 

2 Bokar-М СА0011397828 40.0±2.71 4,0 

3 Houdini-М СА0011595031 30.0 ±2,72 3,0 
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When determining the indicators of living and dead sperm, the following results of dead sperm 

were obtained: Bocar-M CA0011397828 - 1%, Canon-M SA0011329467 - 0.8%, Houdini-M 

CA0011595031 - 0.9%. Indicators of motility and live-dead sperm were evaluated in 

accordance with GOST 32277 - 2013. 

To identify the frequency of morphological damage to the acrosome structure during sperm 

thawing and the degree of its influence on cows’ fertilizing ability, a stain test kit "Diff-Quick" 

was used. One frozen semen granule was taken and the content of spermatozoa with damaged 

acrosome was determined. Each semen sample (10 samples from a bull) was examined: 

immediately after thawing, 1 and 2 hours after thawing (Table 1). Spermatozoa of cattle with a 

damaged acrosome, when using the "Diff-Quick" kit, were colored in a light pink color, 

normally - in brown (Borunova et al., 2017). 

The indicators presented in table 2 shows a significant difference in the studied indicators 

between the groups. It was found that a lower percentage of spermatozoa with damaged 

acrosomes was in the semen samples of the bull Bokar-M; on average, this indicator was 

recorded at the level of 15.7±1.5%, which may indicate a high sperm quality. The highest 

average indicators of acrosomes damage (greater percentage of damage) were observed in the 

sperm samples of the bull Canon-M, where this indicator was 23.7±3.9%, which was by 8% 

higher than in the Bocara-M samples (p<0.001) and by 4.7% (p <0.01) than in the Houdini-M 

samples, where this indicator was noted at the level of 19±2.6%. There was also a significant 

difference between the semen samples from the bulls Bocara-M and Houdini-M, where it was 

3.3% (p <0.05). Thus, it can be concluded that the samples of the bull Bokar-M is distinguished 

by the best characteristics of sperm in determining the acrosome integrity. 

Based on the research results, for all 3 parameters (mobility, number of live-dead sperm, 

acrosome integrity), the sperm of the bulls Cannon-M, Bocar-M and Houdini-M corresponded 

to the norm. 

 

Table 2. Results of sperm examination when determining the acrosome integrity 

No. Name and number of the servicing bulls Average indicator  

(norm according to GOST is 50%) 

1 Cannon-М СА0011329467 23,7±3,92***3** 

2 Bocar-М СА0011397828 15,7±1,5 

3 Houdini-М СА0011595031 19±2,62* 

Note: hereinafter, the difference is significant at - *p<0.05; **p<0.01; ***p<0.001 

 

For conducting artificial insemination, 30 cows were selected (10 heads for insemination with 

semen samples from each of 3 bulls) (Table 3). According to the physiological status, all 

selected animals were suitable for artificial insemination and were in the estruation period. 
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Table 3. Results of selecting cows for artificial insemination 

Parameter Insemination with the sperm sample from 

Cannon-М 

СА0011329467 

Bocar-М 

СА0011397828 

Houdini-М 

СА0011595031 

Number of cows, heads 10 10 10 

Breed Black-and-White Black-and-White Black-and-White 

Age of productive use, years 3-5 3-5 3-5 

Live weight, kg 549±31.7 545±30.4 552±32.1 

Months after calving 1-2 1-2 1-2 

Diseases, incl. gynecological ones no no no 

Period Active estruation Active estruation Active estruation 

 

The results obtained in the experiment on the cow fertilization indicate that the highest rates 

were obtained in the estruation period, and the shortest service period was established for cows 

inseminated with the semen of the bull Bokar-M. It can be associated with a better indicator of 

sperm activity (40.0±2.71%) and a lower indicator of sperm cells, with a damaged acrosome 

(15.7±1.5%). 

E.N. Novikova et al. (2019) noted that the main reason for animal infertility is violating the 

technology of keeping, feeding and insemination of cows. The optimal service period is from 

60 to 110 days, and more than 140 days are observed in problem animals. Pregnancy from 

primary inseminations should be 50-60%. (p. 278). 

 

Table 4. Fertility and service period of cows when rectocervical artificial insemination (n = 6) 

Name and number of the 

servicing bulls 

Fertility Service-period 

(days) Ι estruation ΙΙ estruation ΙΙΙ estruation 

heads % heads % heads % 

Cannon-М СА0011329467 2 33.3 2 33.3 2 33.3 108.6±11.02 

Bokar-М СА0011397828 3 50 3 50 - - 92.5±1.8 

Houdini-М СА0011595031 2 33.3 2 33.3 2 33.3 103.3±12.89 

  

In the course of the first experiment, there were obtained the data indicating the sperm 

qualitative parameters of the bull Bokar-M: sperm activity (40.0±2.71%), the number of 

damaged acrosome sperm a (15.7±1.5%) and showing their positive effect on the fertility of 

cows inseminated by in the first estruation (50%) and on the service period duration (92.5±1.8 

days). 

The analysis of the second experiment results showed that the sperm samples of the bull 

Allegro-106303101 had an activity of 33.0±2.30% with a rectilinear-translational movement of 

sperm (3.3 points), the sperm of the bull Matthias-4593 had an activity of 42.0±2.10% with a 

translational movement (4.2 points), the sperm of the bull Nabeg-1896 had an activity of 

35.0±2.5% with translational movement (3.5 points) (table 5). The sperm activity indicators of 

the bull Matias-4593 significantly exceeded the ones of the bulls Allegro-106303101 by 9% (p 

<0.01) and Nabeg-1896 by 7% (p <0.05). 
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Table 5. Results of determining sperm activity 

No  Name and number of the servicing bulls Average activity 

indicator, % 

Average indicator, 

score 

1 Allegro-106303101 33.0±2.3 3,3 

2 Matthias-4593 42.0±2.101**3* 4,2 

3 Nabeg-1896 35.0±2.5 3,5 

Note: hereinafter, the difference is significant at - *p<0.05; **p<0.01; ***p<0.001 

 

When determining the indicators of the living and dead sperm, the following results of dead 

sperm were obtained: Allegro-106303101 - 1%, Matthias-4593 - 0.8%, and Nabeg-1896 - 0.9%. 

Thus, the indicators characterizing sperm motility, the content of live and dead sperm in the 

samples corresponded to GOST No. 32277 – 2013 (Federal Agency for Technical Regulation 

and Metrology, 2014). 

The indicators presented in table 6 indicate a significant difference in the studied indicator 

between the bull semen samples. It was found that in the samples of the bull Matthias-4593, a 

smaller percentage of sperm with damaged acrosomes was revealed. On average, this indicator 

is noted at the level of 25.2±1.8%, which may indicate a high quality of sperm. 

A greater percentage of damaged acrosomes was noted in the samples of the bull Allegro-

106303101, it averaged 36.3±2.2%, which is by 11.1% higher than in the samples of Matthias-

4593 (p<0.01) and Nabeg-1896 by 3.6%, where this indicator was noted at the level of 

32.7±2.7%. The difference between the semen samples of the bulls Nabeg-1896 and Matias-

4593 significantly differed and amounted to 7.5% (p<0.05). When determining the integrity of 

the acrosome, the semen of the bull Matthias-4593 has the best characteristics. 

 

Table 6. Results of sperm examination in determining the acrosome integrity 

No  Name and number of the servicing bulls Average indicator  

(norm according to GOST is 50%) 

1 Allegro-106303101 36.3±2.22** 

2 Matthias-4593 25.2±1.8 

3 Nabeg-1896 32.7±2.72* 

 

Thus, the research results according to 3 parameters (mobility, rate of live-dead sperm, 

acrosome integrity) showed that the sperm of the bulls Allegro-106303101, Matias-4593, 

Nabeg-1896 corresponded to the norm, but there were certain differences in the studied 

indicators, which may have been associated with the conditions for obtaining and using frozen 

semen. 

The results of in vitro fertilization (Table 7) showed a different fertilizing ability of the studied 

bulls’ sperm. The results obtained in the experiment indicate that the highest rates of oocyte 

fertilization in vitro, using the sperm of the bull Matias-4593, where 5 successful fertilizations 

out of 10 (50%) were obtained. The higher rates of the obtained percentage of fertilization in 

vitro with the sperm of the bull Matias-4593 can be associated with the better indicator of sperm 

activity (42.0±2.10%) and the lowest content of sperm with damaged acrosome (25.2±1.8%). 
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Table 7. Results of in vitro fertilization of oocytes 

Name and 

number of the 

servicing bulls 

In vitro fertilization rates 

number normal 

fertilization 

no fertilization 

(parthenogenesis 

or 1 pronucleus) 

polyspermia 

(more than 3 

pronuclei) 

Total 

Allegro-

106303101 

n 4 5 1 10 

% 40 50 10 100 

Matthias-4593 n 5 3 2 10 

% 50 30 20 100 

Nabeg-1896 

 

n 4 4 2 10 

% 40 40 20 100 

 

Conclusion 

As the results of Russian and foreign researchers show, the quality of sperm production depends 

on a number of factors. Failure to comply with the conditions for obtaining, freezing, storage 

and thawing of sperm, the quality characteristics are markedly reduced, which has a negative 

effect on the fertilizing ability of sperm (Alm-Kristiansen et al., 2018; Kumar et al., 2014; 

Morrell & Rodriguez-Martinez, 2009; Sidorova, 2014; Tkachev & Tkacheva, 2017; Tkachev 

et al., 2020a). 

Authors of the article carried out two independent experiments to assess the influence of sperm 

quality parameters on its ability to fertilize cows with artificial insemination, and under 

conditions of in vitro fertilization of oocytes. 

 

The first experiment proved that: 

- semen samples from the servicing bulls had activity from 30.0±2.72% with rectilinear-

translational movement of sperm (3 points) to 40.0±2.71 % (4 points), indicators of live and 

dead sperm with eosin staining were from 0.8 to 1%, which corresponded to GOST 32277 - 

2013. The acrosome integrity of all the 3 bulls corresponded to the norm (from 15.7±1.5 to 

23.7±3.9%); 

- qualitative indicators of the Bokar-M bull sperm: activity (40.0±2.71%), number of damaged 

acrosome sperm (15.7±1.5%), positively influenced the fertility of cows inseminated by it in 

the first estruation (50%), service period was 92.5±1.8 days. 

 

The second experiment showed that: 

- semen samples of bulls had activity from 33.0±2.3% (3.3 points) to 42.0±2.10% (4.2 points), 

indicators of live and dead sperm when stained with eosin were from 0.8 up to 1%, which 

corresponds to GOST 32277–2013. The sperm acrosome integrity of the samples corresponded 

to the norm as well. On average it was noted at the level of from 25.2±1.8 to 36.3±2.2%. 

- better results when applying in vitro fertilization of oocytes (50% of fertilization) were 

obtained using the semen of the bull Matthias-4593. This factor was influenced by the quality 

indicators of sperm, such as activity (42.0±2.10%) and the number of sperm with damaged 

acrosome (25.2±1.8%). 
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Thus, the results obtained indicate the dependence of the quality indicators of sperm fertilizing 

ability, both by artificial insemination of cows and byb fertilization of oocytes under in vitro 

conditions. The data obtained indicate the need for a qualitative assessment of sperm doses 

before use in farms and laboratories for embryo transplantation, which will increase the 

percentage of successful fertilization and increase the profitability of the livestock industry. 

 

References 

[1] Alm-Kristiansen, A. H., Gaustad, E. R., Bai, G., Standerholen, F. B., Klinkenberg, G., Kommisrud, 

E., & Waterhouse, K. E. (2018). In vitro studies of Norwegian Red bovine semen immobilized and 

cryopreserved in alginate solid gel network. Reproduction in Domestic Animals, 53(2), 365-370.  

[2] Bagirov, V. A., Iolchiev, B. S., Tadzhieva, A. V., & Klenovitsky, P. M. (2015). Assessment of bull 

reproductive potential using laboratory sperm research. Reports of the Russian Academy of the 

Agricultural Sciences, 1-2, 51-54. 

[3] Borunova, S. M., Iolchiev, B. S , Abramov, P. N., Badmaev, O. E., Tajieva, A. V., & Ribchenko, 

A. S. (2017). An effective method for determining the sperm acrosome integrity in sperm of bulls. 

Veterinary, Zootechnics and Biotechnology, 4, 29-34. 

[4] Chugunov, A. V., Popova, A. V., & Protopopova, T. A. (2020). The tasks of artificial insemination 

in breeding dairy cattle. Academic Bulletin of the Yakutsk State Agricultural Academy, 7(12), 18-

22. 

[5] Eskin, G. V. (2008). Influence of sperm dilution method on material quality and fertility after 

freezing-thawing. Veterinary Pathology, 2(25), 147-148. 

[6] Federal Agency for Technical Regulation and Metrology. (2014). GOST 32277-2013 

"Reproduction means. Sperm. Test methods for physical properties and biological, biochemical, 

morphological analyzes". Moscow, Russia: Standartinform. 

[7] Federal Agency for Technical Regulation and Metrology. (2015). GOST 26030-2015 “Frozen bull 

sperm. Technical conditions". Moscow, Russia: Standartinform. 

[8] Golubets, L. V., Deshko, A. S., Starovoitova, M. P., Stetskevich, E. K., Otroshchenko, A. E., & 

Bergel, A. I. (2010). In vitro fertilization of cattle oocytes: Guidelines. Grodno, Belarus: GSAU, 

48 p. 

[9] Gorelik, O. V., Brjanzev, A. Yu., Safronov, S. L., Gritsenko, S. A., & Shakirov, D. R. (2021). 

Comparative assessment of cows by daughters from different breeding bulls in terms of milk 

production. IOP Conference Series: Earth and Environmental Science, 677, 022101.  

[10] Gritsenko, S. A. (2016). Influence of reproductive ability on productivity indicators of black-and-

white cows in the southern Urals zone. Scientific-methodical electronic journal Concept, 1(15), 

131-135. 

[11] Iqbal, S., Riaz, A., Andrabi, S. M., Shahzad, Q., Durrani, A. Z., & Ahmad, N. (2016). L-Cysteine 

improves antioxidant enzyme activity, post-thawing quality, and sperm fertility of Nili-Ravi bull 

(Bubalus bubalis). Andrologia, 48(9), 855-861.  

[12] Kumar, D., Kumar, P., Singh, P., Yadav, S. P., Sarkar, S. K., Bharadwaj, A., & Yadav, P. (2014). 

Characteristics of frozen thawed sperm in predicting the fertility of buffalo bulls. The Indian 

journal of animal sciences, 84(4), 389-392. 

[13] Kumar, D., Kumar, P., Singh, P., Yadav, S. P., & Yadav, P. S. (2016). Assessment of sperm damage 

at different stages of cryopreservation in water buffaloes using fluorescent probes. Cytotechnology, 

68(3), 451-458. 



 
 

 

23 

REDVET - Revista electrónica de Veterinaria - ISSN 1695-7504 

Vol 23, No. 2 (2022) 

http://www.veterinaria.org 
Article Received: 28 December 2021; Revised: 18 January 2022; Accepted:  20 January 2022; 

Publication: 24 March 2022 

[14] Luno, V., Gil, L., Olaciregui, M., Gonzalez, N., Jerez, R. A., & de Blas, I. (2014). Rosmarinic acid 

improves the function and in vitro fertilization ability of boar sperm after cryopreservation. 

Cryobiology, 69(1), 157-162.  

[15] Morrell, J. M., & Rodriguez-Martinez, H. (2009). Biomimetic techniques for improving sperm 

quality in animal breeding: a review. The Open Andrology Journal, 1, 1-9. 

[16] Morrell, J. M., & Wallgren, M. (2014). Alternatives to antibiotics in semen extenders: A review. 

Pathogens, 3(4), 934-946.  

[17] Mostek, A., Dietrich, M. A., Słowińska, M., & Ciereszko, A. (2017). Cryopreservation of bull 

semen is associated with carbonylation of sperm proteins. Theriogenology, 92, 95-102. 

[18] Murphy, E. M., Eivers, B., O'Meara, C. M., Lonergan, P., & Fair, S. (2018). Effect of increasing 

equilibration time of diluted bull semen up to 72 h prior to freezing on spermquality parameters 

and calving rate following artificial insemination. Theriogenology, 108, 217-222. 

[19] Naresh, S. (2016). Effect of cooling (4°C) and cryopreservation on cytoskeleton actin and protein 

tyrosine phosphorylation in buffalo spermatozoa. Cryobiology, 72(1), 7‒13. 

[20] Nikulin, V. V., Borunova, S. M., Iolchiev, B. S., Abramov, P. N., Badmaev, O. E., & Ribchenko, 

A. S. (2018). Use of vital staining to assess the sperm quality in milk environment. Russian 

Agricultural Science, 3, 33-35. 

[21] Nongbua, T., Al-Essawe, E. M., Edman, A., Johannisson, A., & Morrell, J. M. (2018). Adding 

bovine seminal plasma prior to freezing improves post-thaw bull sperm kinematics but decreases 

mitochondrial activity. Systems Biology in Reproductive Medicine, 64(3), 183-190. 

[22] Novikova, E. N., Koba, I. S., Skorikov, A. V., & Alravashdeh, O. O. (2019). Cattle infertility. 

Collection of scientific papers of the Krasnodar Scientific Center for Animal Science and 

Veterinary Medicine, 8(2), 278-283.  

[23] Paudel, B., Gervasi, M. G., Porambo, J., Caraballo, D., Tourzani, D. A., Mager, J., … Visconti, P. 

E. (2018). Sperm capacitation is associated with phosphorylation of the testis-specific radial spoke 

protein Rsph6a. Biology of Reproduction, 100(2), 440-454. 

[24] Pleshakov, V. A. (2004). Correlation links of some sperm qualitative parameters of sperm-sires of 

different shelf life in liquid nitrogen. Bulletin of the Altai State Agrarian University, 3(15), 316-

319. 

[25] Sidorova, N. V. (2014). Influence of feeding conditions and keeping bulls on sperm productivity 

and sperm quality. Bulletin of the Kursk State Agricultural Academy, 5, 59-60. 

[26] State Committee of the Russian Federation for Standardization and Metrology. (2009). GOST R 

ISO 5725-1-2002 "Accuracy (correctness and precision) of measurement methods and results". 

Moscow, Russia: Standartinform. 

[27] Tkachev, A. V., & Tkacheva, O. L. (2017). Comparison of the cytotoxic effect of zearalenone and 

t-2 toxin on the germ cells of horses and bulls in vitro before and after cryopreservation. Cytology, 

59(1), 45-52. 

[28] Tkachev, A. V., Tkacheva, O. L., Gazzavi-Rogozina, L. V., Zubova, T. V., Smolovskaya, O. V., 

& Pleshkov, V. A. (2020a). Modern technology of poultry semen cryopreservation. In Proceedings 

of IV International Scientific and Practical Conference “Modern S&T equipments and problems 

in agriculture” (pp. 235-244). Kemerovo, Russia: Kuzbass State Agricultural Academy. doi: 

10.32743/kuz.mepa.2020.235-244 

[29] Tkachev, A. V., Tkacheva, O. L., Zubova, T. V., Pleshkov, V. A.,& Smolovskaya, O. V. (2020b). 

Effect of mycotoxins on the spermatozoa and embryos of animals. Advances in Animal and 

Veterinary Sciences, 8(s3), 47-55. doi: 10.17582/journal.aavs/2020/8.s3.47.55 


