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In dairy cattle breeding, much attention is paid to indicators of the 
milk quality and technological properties. These indicators are signifi-
cantly influenced by milk proteins. Therefore, the goal of our research 
is to evaluate the effectiveness of creating dairy herds of domestic dairy 
cattle breeds that are characterized by the desired beta- and kappa-casein 
genotypes. To fulfill these tasks, the genotyping of cows of the Ukrainian 
Brown dairy, Sumy intrabreed type of the Ukrainian Black-and-White 
dairy, Simmental and Lebedyn breeds was carried out. The beta- and kap-
pa-casein gene polymorphism was determined in the genetic laboratory of 
the Bogomoletz Institute of Physiology of the National Academy of Sci-
ences of Ukraine using real-time molecular biological analysis of allele 
recognition by polymerase chain reaction (PCR).

As a result of the conducted studies, it is found that cattle of Lebedyn 
and Ukrainian Brown dairy breeds have a higher frequency of the desired 
kappa-casein BB genotype. As a result, they are also characterized by a 
higher frequency of the B allele. More than 50 % of cattle of Simmental 
breed have a heterozygous AB genotype. Cattle of the Sumy intrabreed 
type of the Ukrainian Black-and-White dairy breed have a higher fre-
quency of the homozygous AA genotype and the A allele. Cattle of the 
Ukrainian Brown dairy breed are characterized by the highest frequency 
of the A2A2 genotype and the A2 allele of beta-casein. Cattle of the Sim-
mental breed, which are also characterized by the highest frequency of the 
A1A2 heterozygous genotype, have a slightly lower frequency. Homo-
zygous A1A1genotype is more common in cattle of the Sumy intrabreed 
type of the Ukrainian Black-and-White dairy breed.

Using the principles of the model for creating a herd with the desired 
genotype, which is proposed by Mencarini IR et all, it is found that when 
testing the entire breeding stock, inseminating it with semen of homozy-
gous stud bulls with the A2A2 genotype, random cow disposal at the level 
of 22 %, it takes 9–10 years to create herds with the desired genotypes of 
the Ukrainian Brown dairy, Simmental and Lebedyn breeds, respective-
ly. To reduce the period for creating herds, it is essential to increase the 
percentage of cow disposal and simultaneously disposecattle with unde-
sirable genotypes.
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Problem statement and analysis of recent 
research. High-quality and technological indica-
tors of milk are given great attention in dairy cattle 
breeding. The composition of milk proteins sig-
nificantly affects the physical and chemical prop-
erties of milk and, as a result, its technological 
indicators.

In cheese manufacture, much attention is paid 
to the quality of dairy raw materials, namely the 
type of kappa-casein that is part of these raw ma-
terials. The kappa-casein gene polymorphism has 
been studied for more than 40 years. To date, thir-
teen genetic variants of bovine kappa-casein have 
been described. The most common genetic vari-
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ants are A and B [6]. It is found that the B allele is 
associated with the production of milk that is most 
suitable for cheese manufacture in terms of tech-
nological properties. This explains the fact that 
cattle with the homozygous BB genotype have 
better cheese making of milk [4, 5, 20].

Different breeds of cattle and the same breed 
differ significantly in the frequency of kappa-ca-
sein genotypes and alleles. The Jersey cattle are 
characterized by a high frequency of the B allele 
(0.69) and BB genotype (0.45) [9, 13]. The Hol-
stein breed is characterized by significant differen-
tiation on this basis, depending on the country of 
origin (breeding). The frequency of the desired B 
allele, depending on the country of origin, was 41–
49 % (Serbia, Iraq) and 14–17 % (Poland, China). 
Accordingly, the BB genotype was more common 
in the Serbian population – 23 %, the least – in the 
Canadian population (2.7 %) [1, 2, 8, 12, 15].

Recently, beta-casein polymorphism has at-
tracted great interest from both the scientific com-
munity and the dairy sector due to its impact on 
milk quality. The two main subvariants of beta-ca-
sein (A1 and A2) are encoded by the CSN2 gene. 
It is found that the consumption of A1 variant, in 
comparison with A2 variant, potentially negative-
ly affects human health after its digestion, but at 
the same time its availability improves the techno-
logical properties of milk [7, 16, 18].

The researchers have concluded that the ami-
no acid content, fatty acid content, and milk color 
may be affected by the CSN2 A1A1, A1A2, and 
A2A2 genotypes. As a result of selective breeding 
of genotypes with the desired qualities, milk and 
dairy products can be improved [19].

The researchers state that the simplest process 
for creating a herd of cattle with the A2A2 genotype 
is to use bull semen with the A2A2 genotype by be-
ta-casein. However, the transformation function is 
curved and asymptotic, and this strategy itself can-
not achieve herd purity. The conversion rate can be 
significantly increased by genotyping calves and/
or cows. This is required for completing the con-
version process. The mating of heifers with semen 
with the A2A2 genotype by beta-casein can have 
a significant impact, especially in connection with 
an increase in the level of cow disposal. Combin-
ing these strategies can lead to pure herds with the 
A2A2 genotype within 5–8 years, depending on the 
initial structure of the herd. The use of sexed semen 
can further accelerate the conversion period [14].

The results of studies to estimate the frequency 
of beta-casein variants in the offspring of pre-gen-
otyped cows inseminated with homozygous A2A2 
semen indicate that the frequency of cattle with 
the A2A2 genotype has almost doubled – from  
37 to 69 % [17].

Similar work may be carried out on the cre-
ation of dairy herds with the BB genotype by kap-
pa-casein.

The goal of the research is to evaluate the 
prospect of creating dairy herds with the desired 
genotypes by beta- and kappa-casein of domestic 
dairy cattle breeds.

Material and methods of research. The ge-
notyping of cows of the Ukrainian Brown Dairy 
breed (n=44), Sumy intra-breed type of the 
Ukrainian Black-and-White Dairy breed (n=26), 
Simmental (n=30), Lebedyn (n=59) breeds was 
carried out.

The kappa-casein gene polymorphism was de-
termined in the genetic laboratory of the Bogomo-
letz Institute of Physiology of the National Academy 
of Sciences of Ukraine using real-time molecular 
biological analysis of allele recognition by poly-
merase chain reaction (PCR). Blood samples were 
taken to the 2.7 ml Monovette (Sarstedt, Germany), 
followed by freezing the samples and storing them 
at -20ºC. DNA for genotyping was obtained from 
samples using the Monarch® New England BioLa-
bGenomic DNA Purification Kit (USA) in accor-
dance with the manufacturer’s protocol.

Allele frequencies were calculated taking into 
account the number of homozygotes and hetero-
zygotes found for the corresponding allele using 
the formula:

Р(А)=

where N1 and N2 are the number of homozygotes and 
heterozygotes for the allele under study, respectively;
n is the sample number.

In order to assess the statistical reliability of 
the discrepancy between the distributions of the 
obtained results, the Pearson criterion was used as 
follows:

χ2=

where: A is the actual number of genotypes;
T is the theoretical number of genotypes.

Theactual (available) heterozygosity was de-
termined by direct calculation using the formula:

НО=

The expected heterozygosity was determined 
by the formula:

НЕ=1-

where р1, р2,….рnare allele frequencies.
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The research results were processed us-
ing mathematical statistics using the Statisti-
ca-6.1Package in the Windows PC environment.

Results and discussion. According to the fre-
quency of the desired genotype of BB kappa-ca-
sein, cattle of the Lebedyn and Ukrainian Brown 
dairy breeds have an advantage. They also pre-
dominate among representatives of other breeds 
in terms of the frequency of the B allele. The 
Simmental breed has a higher frequency of het-
erozygous (AB) genotypes, in which it is almost 
50 %. Cattle of the Sumy intrabreed type of the 
Ukrainian Black-and-White Dairy breed have the 
highest frequency of the homozygous AA geno-
type and Aallele. In all the studied breeds, except 
Simmental, there is an advantage of the expected 
heterozygosity over the actual one (Table 1).

Studying the beta-casein polymorphism, it is 
found that the highest frequency of both the A2A2 
genotype and the A2 allele is found in cattle of 
the Ukrainian Brown Dairy breed. Half of them 
have this genotype. Cattle of the Simmental breed 
have a slightly lower frequency of the A2A2 ge- 

notype (40 %). At the same time, cattle of this breed 
have the highest frequency of heterozygous A1A2 
genotype (57 %). Cattle of the Sumy intrabreed 
type of the Ukrainian Black-and-White Dairy 
breed have the highest frequency of homozygous  
A1A1type (38 %). They are also characterized by 
the advantage of the expected heterozygosity over 
the actual one (Table 2).

The number of cattle with the desired homo-
zygous A2A2 genotype by beta-casein and BB 
genotype by kappa-caseincan be increased by 
selecting parent pairs. Complete penetrance, i.e.  
100 % of the frequency and probability of pheno-
typic gene expression, can be achieved if:

   ♂           ♀ 
А2А2 х А2А2 = 100 % penetrance;
А2А2 х А1А2 = 50‒70 % penetrance;
А1А2х А2А2 = 50–70 % penetrance;
А2А2 х А1А1 = 50–70 % penetrance;
А1А2 х А1А2 = 25–50 % penetrance;
А1А1 х А1А2= 25–50 % penetrance;
А1А2 хА1А1= 25–50 % penetrance.

Table 1 – Frequency of alleles and genotypes by kappa-casein genelocus

Distribution Genotypes, % Allele,pcs. χ2
АА АВ ВВ А В

Ukrainian Brown Dairy
Actual 30 40 30 0,500 0,500 1,455Theoretical 25 50 25

Ukrainian Black-and-White Dairy
Actual 58 27 15 0,712 0,288 3,079Theoretical 51 41 8

Simmental
Actual 43 47 10 0,667 0,333 0,075Theoretical 44 44 11

Lebedyn
Actual 15 36 49 0,328 0,672 2,014Theoretical 11 44 45

Table 2 – Frequency of alleles and genotypes by beta-casein genelocus

Distribution Genotypes, % Allele, pcs. χ2
А1А1 А1А2 А2А2 А1 А2

Ukrainian Brown Dairy
Actual 7 43 50 0,284 0,716 0,167Theoretical 8 41 51

Ukrainian Black-and-White Dairy
Actual 38 35 27 0,558 0,442 2,314Theoretical 31 49 20

Simmental
Actual 3 57 40 0,317 0,683 2,871Theoretical 10 43 47

Lebedyn
Actual 19 51 30 0,447 0,553 0,048Theoretical 20 49 31
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An individual approach to the issues of se-
lection, control of the processes of gene transfer 
from parents to offspring using DNA diagnostics 
methods will make it possible to replenish herds 
with carriers of the A2 or B gene in a relatively 
short time [10, 11].Taking into account the initial 
frequency of genotypes and alleles of the studied 
casein fractions in the studied breeds, using the 
principles of the herd creation model with the de-
sired genotype [14], it is found that when using 
bull semen with the BB or A2A2 genotype on a 
number of cows and heifers without testing them, 
random cow disposal at the level of 22 % to cre-
ate herds with the desired genotypes takes more 
than 15 years. Similar results will be obtained 
when using cow testing. It is possible to reduce 
the time required to create a herd by using gen-
otype testing of heifers or cows and heifers. The 
best indicators regarding the timing of herd cre-
ation can be obtained by testing cows and heifers 
in combination with the use of sexed semen of 
stud bulls with the A2A2, BB genotypes. At the 
same time, over a 10-year period, such a herd can 
be created using genetic testing of heifers. In the 
case of using genetic testing of cows and heifers, 
such a herd can be created in nine years. Thus, 

in 9 years it is possible to create a herd of cattle 
of the Lebedyn breed with the BB genotype by 
kappa-casein and cattle of the Ukrainian Brown 
dairy and Simmental breeds with the A2A2 gen-
otype by beta-casein. More time is needed to cre-
ate similar herds of cattle of other studied breeds 
(Table 3).

It should be note that it is possible to reduce 
the time required to create such herds by increas-
ing the percentage of accidental cow disposal and 
disposal of cattle with undesirable genotypes.

Conclusion. Results of the conducted studies 
indicate prospects for creating dairy herds with 
cattle of the desired genotypes by kappa-casein 
(BB) and beta-casein (A2A2). Given that the fre-
quency of desired genotypes is higher in cattle of 
the Lebedyn and Ukrainian Brown Dairy breeds, 
this work is more promising with these breeds. In 
9 years, the breeders can create a herd of cattle of 
the Lebedyn breed with the BB genotype by kap-
pa-casein and cattle of the Ukrainian Brown Dairy 
and Simmental breeds with the A2A2 genotype by 
beta-casein. To reduce the time frame for creating 
herds, it is essential to increase the percentage of 
cow disposal and simultaneously dispose cattle 
with undesirable genotypes.

Table 3 – Analysis of mechanisms for creating herds with the desired genotype

Optionsforcarryingoutthework

Genotype fractionin 10 years 
in cattle of the mainherd Required time, years

CSN2 CSN3 for creating a herd of cows 
with a genotype

А2А2 ВВ CSN2 
(А2А2) CSN3 (ВВ)

Ukrainian Brown Dairy
Lack of testing of cows and calves 0,78 0,66 >15 >15
Genetictestingofcows 0,85 0,71 >15 >15
Genetictestingofcalves 1,00 0,99 10 12
Genetic testing of cows and calves 1,00 1,00 9 10
Genetic testing of cows and calves and the 
use of sexed semen (А2А2) or (ВВ) 1,00 1,00 9 10

Ukrainian Black-and-White Dairy
Lack of testing of cows and calves 0,66 0,54 >15 >15
Genetic testingofcows 0,71 0,57 >15 >15
Genetic testingofcalves 0,99 0,93 12 14
Genetic testing of cows and calves 1,00 0,95 10 11
Genetic testing of cows and calves and the 
use of sexed semen (А2А2) or (ВВ) 1,00 1,00 10 10

Simmental
Lack of testing of cows and calves 0,78 0,54 >15 >15
Genetic testingofcows 0,85 0,57 >15 >15
Genetic testingofcalves 1,00 0,93 10 14
Genetic testing of cows and calves 1,00 0,95 9 11
Genetic testing of cows and calves and the 
use of sexed semen (А2А2) or (ВВ) 1,00 1,00 9 10

Lebedyn
Lack of testing of cows and calves 0,71 0,78 >15 >15
Genetic testingofcows 0,99 0,85 >15 >15
Genetic testingofcalves 1,00 1,00 12 10
Genetic testing of cows and calves 1,00 1,00 10 9
Genetic testing of cows and calves and the 
use of sexed semen (А2А2) or (ВВ) 1,00 1,00 10 9



17

tvppt.btsau.edu.ua                                                            Технологія виробництва і переробки продукції тваринництва, 2022, № 2

REFERENCES
1. Anggraenia, A., Sumantrib, C., Farajallahc, 

A., Andreasd, E. (2010). Kappa-Casein Genotyp-
ic Frequencies in Holstein-Friesian Dairy Ca le in 
West Java Province. Media Peternakan, no. 33 (2), 
pp. 61–67.

2. Bezdíček, J. (2007). Allele and genotype fre-
quencies of milkprotein kappa-casein (CSN3) in artifi-
cal insemination bulls of Czech fleckvieh and holstein 
breed. Sborník mendelovy zemědělské a lesnické uni-
verzity v brně. no.5, рp. 17–22.

3. Bisutti, V., Pegolo, S., Giannuzzi, D., Mota, L., 
Vanzin, A., Toscano, A., Trevisi, E., Ajmone P. Mar-
san, M., Brasca, A. Cecchinato. (2022). The β-casein 
(CSN2) A2 allelic variant alters milk protein profile 
and slightly worsens coagulation properties in Holstein 
cows. Journal of Dairy Science, no. 105 (5).

4. Botaro, B., Vinícius, Y., Simões, C. (2009). Ef-
fect of the kappa-casein gene polymorphism, breed and 
seasonality on physicochemical characteristics, com-
position and stability of bovine milk. Revista Brasileira 
de Zootecnia. no. 38 (12), pp. 2447–2454.

5. Deb, R., Singh, U., Kumar, S., Singh, R., Sen-
gar, G., Sharma, A. (2014). Genetic polymorphism and 
association of kappa-casein gene with milk production 
traits among Frieswal (HF × Sahiwal) cross breed of 
Indian origin. Journal of Veterinary Research, Shiraz 
University IJVR, no. 15 (4), pp. 406–408.

6. Gallinat, J., Qanbari, S., Drögemüller, C., Pi-
mentel, E., Thaller, G., Tetens, J. (2013). DNA-based 
identification of novel bovine casein gene variants. J. 
Dairy Sci., no. 96 (1), pp. 699–709.

7. Giribaldi, M. Lamberti, C., Cirrincione, S.,Giuf-
frida, M.G., Cavallarin, L. (2022). A2 Milkand BCM-7 
Peptideas Emerging Parameters of Milk Quality. Front. 
Nutr. no. 9.

8. Gustavsson, F., Buitenhuis, A., Johansson, M., 
Bertelsen, H., Glantz, M., Poulsen, N. (2013). Effects 
of breed and casein genetic variants on protein profile 
in milk from Swedish Red, Danish Holstein, and Dan-
ish Jersey cows. J. Dairy Sci., no. 97, pp. 3866–3877.

9. Klauzinska, M., Siadkowska, E., Grochowska, 
R. (2001). Polymorphism of molecular-genetic systems 
in the Polish red cattle. Tsitol Genet. no. 35 (1), pp. 
58–60. DOI:10.31080/ASVS. 2022.04.0429

10. Ladyka, V., Drevytska T., Pavlenko J., Sklia-
renko Y., Lahuta T., Drevytskyi O., Dosenko V. (2022). 
Evaluation of cow genotypes by kappa-casein of dairy 
breeds. Acta fytotechn zootechn. no. 25,(1) pp. 1–6. 
(in Ukrainian)

Ladyka, V., Pavlenko, Y. Sklyarenko Y. (2021). 
Usodelpolimorfismodel gen de la β-caseína en térmi-
nos de preservación del ganado lechero marrón. Arch. 
Zootec. no. 70(269), pp. 88–94. (in Ukraine)

11. Lateef, Y.M., Hamad, R. (2019). Effect of mu-
tation site of k-casein gene on protein quantity, compo-
sition, and other milk constituents in Holstein cows. J. 
Pharm. Sci., no. 11(2), pp. 398–401.

12. Leveziel, H., Metenier, L., Mahe, M. (1988). 
Identification of the two common alleles of the bovine 
k-casein locus by the RFLP technicue, using the en-
zyme Hind III. Genet. Sel. Evol.  no. 20, 247 p.

13. Mencarini, I.R., Woodford, K.B., Old, K.M. 
(2013). Comparing herd selection strategies for A2 be-
ta-casein. Proceedings of the NewZealand Society of 
Animal Production. no. 73, pp.149–154.

14. Poulsen, N., Glantz, M., Rosengaard, N., 
Paulsson, M., Larsen, L. (2017). Comparison of milk 
protein composition and rennet coagulation properties 
in native Swedish dairy cow breeds and high-yielding 
Swedish Red cows. J. Dairy Sci., no. 100, pp. 8722–
8734.

15. Reddy, B., Lokavya, R. (2022). The Science of 
A1 & A2 Milk: Decoding the Enigma. Acta Scientific 
Veterinary Sciences.  no. 4.7,  pp. 54–60.

16. Sebastiani, C., Arcangeli, C., Torricelli, M., 
Ciullo, M., D’avino, N., Cinti, G., Fisichella, S., Biag-
etti, M. (2022). Marker-assisted selection of dairy cows 
for β-casein gene A2 variant. Italian Journal of Food 
Science, 34 (2), pp. 21–27.

17. Vigolo, V., Franzoi, M., Cendron, F., Salva-
dore, G., Penasa, M., Cassandro, M., Marchi, M.De. 
(2022). Characterization of the genetic polymorphism 
linked to the β-casein A1/A2 alleles using different mo-
lecular and iochemical methods. Journal of Dairy Sci-
ence, no. 105 (11).

18. Vitte, K., Kerziene, S., Klementavičiūtė, J., 
Vitte, M., Mišeikienė, R., Kudlinskienė, L., Čepaitė, 
J., Dilbiene, V., Stankevičius, R. (2022). Relationship 
of β-casein genotypes (A1A1, A1A2 and A2A2) to the 
physicochemical composition and sensory character-
istics of cows’ milk. Journal of Applied Animal Re-
search, no. 50, 1, pp.161–166.

19. Zepeda-Batista, J., Saavedra-Jiménez, A., 
Ruíz-Flores, А., Núñez-Domínguez, R., Ramírez-
Valverde, L. (2017). Potential influence of κ-casein and 
β-lactoglobulin genes in genetic association studies of 
milk quality traits. Asian-Australasian Journal of Ani-
mal Sciences, no. 30 (12), pp. 1684–1688.

Особливості формування стад за бета- та 
капа-казеїном молочної худоби різних порід

Ладика В. І., Павленко Ю.М., Склярен-
ко Ю.І.

У молочному скотарстві велику увагу приділя-
ють показникам якості та технологічності молока. 
На ці показники істотний вплив мають білки моло-
ка. Тому метою цих досліджень є оцінка ефектив-
ності створення молочних стад вітчизняних порід 
молочної худоби, які характеризуються бажаними 
генотипами за бета- та капа-казеїном. Для виконан-
ня поставлених завдань проведено генотипування 
корів української бурої молочної, сумського вну-
трішньопородного типу української чорно-рябої 
молочної, симентальської та лебединської порід. 
Визначення поліморфізму гену капа-бета-казеїну 
проводили в генетичній лабораторії Інституту фі-
зіології ім. Богомольця НАН за допомогою моле-
кулярно-біологічного аналізу розпізнавання алелів 
методом полімеразної ланцюгової реакції (ПЛР) у 
реальному часі.

У результаті проведених досліджень встановле-
но, що тварини лебединської та української бурої мо-
лочної порід мають вищі значення частоти бажаного 

https://www.uco.es/ucopress/az/index.php/az/article/view/5422
https://www.uco.es/ucopress/az/index.php/az/article/view/5422
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генотипу ВВ капа-казеїну. Як наслідок, для них ха-
рактерна і вища частота алеля В. Понад 50 % тварин 
симентальської породи мають гетерозиготний гено-
тип АВ. Більшу частоту гомозиготного генотипу АА 
та алеля А мають тварини сумського внутрішньопо-
родного типу української чорно-рябої молочної по-
роди. Для тварин української бурої молочної поро-
ди характерна найбільша частота генотипу А2А2 та 
алеля А2  бета-казеїну. Дещо нижчу частоту мають 
тварини симентальської породи, для яких також ха-
рактерна найбільша частота гетерозиготного гено-
типу А1А2. Гомозиготний генотип А1А1 частіше 
зустрічається у тварин сумського внутрішньопород-
ного типу української чорно-рябої молочної породи.

Використовуючи принципи моделі створення 
стада з бажаним генотипом, яку запропоновано 
Mencarini IRetall, встановлено, що при тестуванні 
всього маточного поголів’я, осіменіння його спер-
мою гомозиготних плідників з генотипом А2А2, 
випадковому вибракуванні корів на рівні 22 % для 
створення стад з бажаними генотипами української 
бурої молочної, симентальської та лебединської 
порід, відповідно необхідно 9‒10 років. Для скоро-
чення строків створення стад необхідно збільшити 
відсоток вибракування корів та паралельно вибра-
ковувати тварин з небажаними генотипами.

Ключові слова: генотип, казеїн, плідник, 
селекція, алель.
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