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Abstract: The scientific article noted that with the development of molecular genetics, 

it became possible to identify the genes directly or indirectly associated with 

economically useful traits, which makes it possible to carry out the selection in view 

of genetic markers in addition to the existing methods of selecting animals. The 

animal's organism is a complex biological system and the realization of the genetic 

potential of the animal represents a variety of different realizations. In this connection, 

the aim of the research was to study hematological and biochemical indices of blood 

composition of Simmental cattle with different genotype at candidate genes for protein 

metabolism. According to the results of the studies, it was found that the highest 

content of erythrocytes, platelets, and hemoglobin for the kappa-casein gene (CSN3) 

was observed in animals in the BB genotype. The content of leukocytes was within the 

limits of physiological norms. According to the beta-lactoglobulin gene (bLGB), 

superiority in the studied parameters was observed in animals with the BB genotype, 

which also indicates the conjugation of symptoms and the increased flow of metabolic 

processes in the animals. According to the prolactin gene (PRL), a high erythrocyte 

content was observed in animals in the BB genotype, which was detected in 5 cows. A 

high value of leukocytes and platelets was detected in animals in the homozygous 

genotype AA. The highest hemoglobin value was obtained in animals with 

heterozygous genotype AB. For the effective introduction of selection work in dairy 

cattle breeding it is necessary to know the mechanisms of obtaining high milk 

productivity and, accordingly, their application in the practice of dairy cattle breeding. 

The conducted research made it possible to conclude that the studied hematological 

and biochemical blood counts are interrelated with the level of productivity and 

genotype of cows, and they can also be used as tests for the early prediction of milk 

productivity of cows. 
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1 Introduction 

 
The selection in dairy cattle breeding is one of the determinants 

of effective management of the industry. Traditional methods in 

breeding cannot ensure its sufficient effectiveness. At present, 
with the development of molecular genetics, it becomes possible 

to identify genes directly or indirectly associated with 

economically useful traits, which makes it possible to carry out 
the selection in addition to the existing methods of selecting 

animals taking into account genetic markers. 

The advantage of DNA technology lies in the fact that it is 

possible to determine the genotype of an animal regardless of 

sex, age, physiological state of individuals at an early age, 
almost immediately after birth. This significantly speeds up the 

selection process, making it more predictable. The use of the 

method of genetic markers in breeding animals has a number of 
advantages over traditional methods of selection. (1) 

The introduction of DNA technologies into livestock farming 

makes it possible to monitor and predict economically useful 

signs in animals, which is extremely important for determining 
the further use of each animal. (2) 

The increase in the level of milk productivity is one of the main 
goals in breed selection of cattle that produce milk. (3) 

An animal's organism is a complex biological system and the 

realization of the animal's genetic potential in productive 

qualities represents a variety of different realizations. 

Allelic variants of milk protein genes are the most important 
markers of dairy productivity of cattle. In connection with the 

increased market demands for the quality of dairy products, in 

particular, the amount and composition of milk protein, as well 
as the cheese-making characteristics of milk, there is an urgent 

need to identify and use in breeding genetic markers directly or 

indirectly related to qualitative and quantitative signs of dairy 
productivity. 

Different alleles of genes directly involved in the regulation of 
lactation can be considered as potential markers of milk 

productivity: beta-lactoglobulin (β-LGB), the growth hormone 

(GH) gene, the prolactin gene (PRL), and the casein (CSN) 
genes, the main milk proteins. (4) 

The first group includes the genes of proteins that make up milk, 

such as casein, lactalbumin, and the second group includes genes 

whose products are involved in regulatory or metabolic 
processes. (5,6) There are known test systems, allowing to judge 

its genetically determined milk potential in the early stages of 

development of the animal. Such DNA diagnostics mainly take 
into account the polymorphism of individual genes, among 

which the kappa-casein (CSN3), beta-lactoglobulin (bLGB), 

prolactin (PRL) genes occupy a special place because of their 
high influence on lactation and associated metabolic processes. 

In this regard, the purpose of our research was the study of the 

hematological and biochemical blood composition of Simmental 

breed cows with different genotype at candidate genes for 
protein metabolism. 

 

2 Materials and Methods 

 

The work on the allocation of genes was carried out in 2016 in a 

certified DNA technology laboratory "Biotechnology of 
Animals" on the basis of S. Toraighyrov Pavlodar State 

University. The laboratory was certified by the National Center 

for Expertise and Certification, the certificate No. 370. In order 
to establish target genes for dairy cattle, 123 heads of cows and 

3-4 lactations were selected in Galitskoe LLP of Pavlodar region 

when their genetic potential was fully manifested. 

To conduct DNA diagnostics in animals in the number of 123 

heads, blood samples were taken. The blood was obtained from 
the jugular vein of animals, introduced into tubes with 100 mM 

EDTA to a final concentration of 10 mM. 

The gene polymorphism was determined in each cow: kappa-

casein (CSN3), β-lactoglobulin (bLGB), prolactin (PRL). 

For all loci in the study of DNA polymorphism, a polymerase 
chain reaction method was used, followed by restriction analysis 

of product amplification (PCR-RFLP). 

The reaction was carried out in the thermocycler "Terzik" of 

"DNA technology" company. The DNA was denatured at 94°C 

for 4 minutes, and then 35 amplification cycles were performed 
in the following mode: 94°C – 1 min., an annealing of the 

primers – 1 min, 72°C – 1 min. The final stage of the synthesis 

was carried out at 72°C during 4 minutes. 

The electrophoretic analysis of DNA fragments after the 
restriction was carried out in 6% polyacrylamide gel and in 1% 

agarose gel. A standard set of M27 (SibEnzyme) was used as a 

marker of molecular weights. 

To determine the biological status of animals with different 

genotype by polymorphic genes, hematological and biochemical 
blood values were studied in experimental animals. 

The study of blood composition was carried out in the laboratory 

of the Department of Zootechnology, Genetics and Selection of 

S. Toraighyrov Pavlodar State University on the automatic 
hematological analyzer Mindray BC - 3200 and the biochemical 

analyzer Biochem SA. 

The level of total immunoglobulins in the blood reflects the 

degree of antimicrobial protection of the animal's organism. The 
concentration of immunoglobulins in the blood is subject to 
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significant changes and depends on external factors and the 

physiological state of the animal organism. In addition, there is 

information that indicates that the immune system is also 
susceptible to genetic influence. (1) Therefore, the study of the 

level of common immunoglobulins in the blood of cows 

belonging to different lines is relevant. In connection with this, 
the task was to study the level of common immunoglobulins in 

lactating Simmental cows that belong to different genetic lines. 

Studies were carried out on lactating cows of Simmental cattle of 
German breeding belonging to four different lines: Romulus, 

Redad, Haxle, Honig. From each genetic group, 10 cows were 

allocated, which were analogous in age and had approximately 
the same milk productivity at a level between 10 and 11 

thousand kilograms per lactation. Conditions for feeding and 

keeping lactating cows were the same. Blood samples from the 
experimental cows were collected from the tail vein before the 

morning feeding. In the blood samples, the total 

immunoglobulins were determined by the zinc sulfate method. 

The concentration of total immunoglobulins during this lactation 

period was in the range between 12 and 14 mg/mL. Later in the 

course of lactation, the level of this indicator gradually 

increased. Between the level of milk productivity of cows and 

the concentration of common immunoglobulins, a negative 
correlation was established in all lines of cows, which was from 

g=-0.63 to g=-0.69. In cows belonging to the Romulus line, in 

the second half of the lactation the level of immunoglobulins 
was insignificantly higher in comparison with the compared 

groups. 

Thus, a negative correlation is established between the level of 

milk productivity of cows of different genetic origin and the 

concentration of common immunoglobulins. Higher values of 
total immunoglobulins in the second half of the lactation were 

found in the cows of the Romulus line. 

During the study period, rations of two types were tested: 

concentrates (coarse fodder - 35%, juicy feeds - 18%, 
concentrates - 15% and pasture grass - 32%) - control group (p = 

15) and concentrate-free (45, 20, 0 and 35% respectively) - 

experimental group (p = 15). The basis of rations was hay 
meadow, straw and silage, which are the main food for feeding 

animals. 

Table 1. Number of Blood Elements (М±m) 

Age, months 
Indicators 

Hemoglobin, g/L Erythrocytes 1012l-1 Leukocytes 109l-1 

Control group 

6 

12 
15 

18 

11,43±0,32 

11,12±0,04 
11,32±0,40 

11,28±1,13 

6,92±0,13 

7,52±0,20 
7,94±0,30 

6,55±0,15 

9,43±0,22 

8,74±0,15 
9,59±0,30 

9,40±0,50 

Experimental group 

6 
12 

15 

18 

11,44±0,33 
11,48±0,34 

11,00±0,21 

10,84±0,20 

6,91±0,12 
7,08±0,16 

8,34±0,18 

7,09±0,20 

8,91±0,6 
8,73±0,15 

9,52±0,14 

10,59±0,50 

 

The weight of the animals in the control group at the age of 18 
months was 326.5 kg; in the experienced group - 323.9 kg. The 

animals of both groups grew and developed in the same way. 

There was no significant difference between the groups of 
experimental heifers. With the age of heifers, a gradual decrease 

in their average daily growth was observed, which confirms the 
well-known regularity. 

During the scientific and economic experience on the Simmental 
cattle, the study of the blood composition was carried out: 

hemoglobin, erythrocytes, leukocytes, macro- and 

microelements, vitamins, amino acids, protein fractions. 

Despite the relatively constant composition of blood, a number 
of its biochemical indicators undergo changes under the 

influence of external and internal factors. One of the main 

factors affecting the composition of blood is feeding. (2) It was 
found that with an increased level of feeding, the number and 

size of erythrocytes, the concentration of hemoglobin, the 

leukocyte formula is changing. The increase in these indicators 

is the result of an increase in general and especially protein 

feeding. 

The study of the chemical composition of animals’ blood serum 

is of great importance for the characterization of metabolism, 

especially when it is disturbed. 

Table 1 shows the data on the number of blood elements during 
different periods of life of experimental heifers. Significant 

differences in these indicators, caused by a concentrate, 

concentrate-free diet between the experimental groups of heifers 
was not found. The difference between groups in the content of 

uniform elements is unreliable (P<0.95). At a physiologically 

normal state, the blood of animal hemoglobin contains 10 g/L  

 

with fluctuations from 9 to 11 g/L. The content of hemoglobin in 
the blood of heifers from 6 to 18 months did not change. The 

content of hemoglobin and erythrocytes, in the blood indicates a 

high level of metabolism occurring in the animal organism. The 
content of hemoglobin, erythrocytes and leukocytes in the blood 

of the experimental heifers was within the physiological form. 

The data obtained by us agree with the results of studies of such 

scientists as H.F. Kushner (1938) (1), E.A. Petukhova (1983). 
(3) 

In the animal organism, the importance of mineral substances is 

extremely great. This is explained by the role that minerals play 

in all metabolic processes. Heifers of experimental groups had 
insignificant (P<0.95) difference in the content of calcium and 

phosphorus in the blood. It should be noted that in the pasture 

period, an increase in the content of calcium and phosphorus in 
the blood serum (calcium in the range of 11,34-12,61 mg %, 

phosphorus varied 5.14-5.73 mg %). 

The resistance of the animal organism to infectious diseases is 

associated with its physiological state, which is directly 

dependent on age, season, feeding conditions and content. (1) 

The leading place in the metabolism is assigned to blood 
proteins and its fractions. Most of the proteins contained in the 

plasma consist of albumin and globulin. In our studies, the 

content of the total protein and its albumin fraction differed 
insignificantly, irrespective of the growth rate and the 

development of animals in the experimental groups. (3) 

The characteristics of the blood serum of heifers in the 

experimental groups are given in Table 2. 
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Table 2. The Content of the Total Protein and Its Fractions in the Blood, (M±т) 

Age, months Total protein, g/L Albumins, g/% 
Globulins, g/L 

а ß Y 

Control group 

6 

12 

15 
18 

60,8±0,40 

70,9±0,19 

79,6±0,19 
70,2±0,29 

22,1±0,21 

29,6±0,11 

32,6±0,14 
27,2±1,54 

10,5±0,05 

9,5±0,05 

8,6±0,06 
10,5±0,58 

18,4±0,12 

23,4±0,26 

25,4±0,10 
21,5±0,66 

9,8±0,24 

8,4±0,07 

13,0±0,15 
11,0±0,58 

Experimental group 

6 

12 
15 

18 

61,8±0,12 

69,6±0,32 
74,9±0,25 

74,0±0,29 

21,0±0,23 

32,1±0,21 
28,5±0,26 

31,5±1,36 

13,0±0,22 

10,5±0,05 
10,0±0,14 

12,0±0,63 

14,5±0,20 

18,4±0,12 
20,9±0,142 

10,0±0,47 

13,3±0,07 

8,6±0,08 
15,5±0,24 

9,5±0,74 

 

The dynamics of the total protein and its fractions in the blood 
showed no significant differences between the groups. 

According to modern ideas, the proteins, fats, carbohydrates and 

salts received by the animal body from food, in order to join the 

metabolism and turn into body tissues, they must be subjected to 

deep chemical transformations with the obligatory participation 

of the substances that catalyze these transformations. These 
components are protein-enzymes, consisting of two components: 

a specific protein synthesized by the body and an active 

grouping (coenzyme), which is a derivative of the compounds of 
various vitamins that come with feed. If there are no individual 

vitamins in the feed or they are not enough, the activity of 

enzymes is reduced and a metabolic disorder and a decrease in 
productivity occur in animals. 

Vitamin A is involved in oxidation reactions taking place in cells 
of epithelial tissues, promotes biosynthesis of cholesterol, 

accelerates the exchange of phosphorus compounds, and also 

stimulates the growth and development of animals. Normally, 
the content of vitamin A (carotene) in the ration should be from 

40.0 to 150.0 μg/100 ml. In the winter stall period of feed, 

according to our research, partially lose the content of vitamins, 
and therefore an avitaminosis of animals is often observed in 

many farms. Our studies showed that the vitamin A content in 

the blood serum of animals was normal. The animals of the 
experimental group had a vitamin A content of 18.8 μg% less 

than in the control group. The difference between groups is not 
significant (P<0.95). Vitamin E (tocopherol) provides 

reproduction of animals, participates in the metabolism of  

 

muscle and nerve tissue. Vitamin E has the property of an 
antioxidant, it promotes the assimilation and preservation of 

vitamin A and carotene in the animal's body. There was a 

difference in the content of vitamin E, which was insignificant 

(by 0.32 μg%). Thus, the balanced feeding of experimental 

groups did not affect the content of vitamins A and E in the 

blood. 

The study of the chemical composition of blood serum is of 

great importance for the characteristics of metabolism. When 
studying the effect of feeding different levels of mixed fodders 

on the digestibility of nutrients in the diet, we found that the 

types of rations tested had practically the same effect on their 
digestibility. So the digestibility in heifers of the control group 

was 64.13% for dry matter, 64.02% for experimental, 65.50% 

and 65.42% for organic matter, for raw protein - 66.66%, and 
61.78%, for raw fat - 88.57% and 75.90%, for raw fiber 63.83% 

and 64.48%, for nitrogen-free extractives - 69.20% and 67.60% 

respectively. 

The natural resistance of the organism in agricultural animals or 
the natural non-specific resistance of the organism is provided by 

the animal hair, the mucous membranes of the digestive tract, the 

respiratory tract, blood, lymph, and from the conditions of 
feeding and maintenance. Protective functions of the organism 

are provided by the phenomenon of phagocytosis, bactericidal 

and bacteriostatic activity of blood serum, the presence of 
natural antibodies, lysozyme, acid-alkaline, buffer systems and 

enzymes. The protective factors underlying the natural resistance 

are complex. 

Table 3. Indicators of Natural Resistance in Experimental Heifers 

Indicators Control group Experimental group 

Leukocyte formula, 109 l-1: 
Basophils 

Eosinophils 

Neutrophils 
Lymphocytes 

Monocytes 

The intensity of phagocytosis: 
The total absorption effect, thousand mm3 

Active neutrophils, % 
Average absorptive capacity of cells 

General hemolytic activity, % 

0,3 

7,5 

28,9 
63,1 

4,8 

1,98 
17,0 

5,8 
0,170 

0,3 

7,2 

25,8 
62,4 

4,9 

1,96 
16,7 

5,5 
0,167 

 

The degree of their expression is influenced by individuality, 

breed and animal species. (4) An assessment of natural 
resistance in heifers aged 16 months, in the number of 10 

animals in each group, was made. At the same time, 

phagocytosis, hemolytic activity and neutrophil activity were 
determined. 

From the data in Table 3, it can be seen that the number of 
eosinophils, neutrophils, lymphocytes, monocytes in the blood of  

 

 

 

the experimental animals were normal, due to the high level of 

feeding and the balanced ration for protein, fat, carbohydrates, 
vitamins, minerals. The difference between groups in terms of 

natural resistance is not reliable (P <0.95). The fluctuation of the 

total effect of active neutrophils absorption in the animals of the 
control group was observed in the range 9.5-23.6 109 l-1, and 

the experimental - 9.4-22.3 109 l-1, the total hemolytic activity 

in the control group averaged 0.170 %, the experimental - 
0.167%. 

The above data indicate that the blood composition of the 

experimental animals was within the physiological norm. There 

were no significant differences in blood composition and 
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dynamics of its basic elements in the age aspect between groups, 

depending on the level of mixed fodder in rations. 

An analysis of the data on the blood count of the experimental 

animals of the Simmental cattle shows that there are no 

deviations from the norm of the course of the physiological 
processes in the body. The dynamics of the total protein and 

blood fractions did not distinguish between groups. 

Indices of natural resistance of the organism of the experimental 

animals were within the limits of physiological norms and 
showed the stability of their organisms to various kinds of 

diseases. 

The increase in protein and its fractions occurs up to 15 months 

and then goes down. The amount of albumin increases until the 
age of 15 months and then decreases. The same regularity is 

noted for fractions of globulins. An increase in the total to its 

fractions is observed in the pasture period.  
 

 

3 Results and Discussion 

 

The intensification of livestock farming involves achieving a 
high level of production, which should be based on modern 

achievements of science and innovate experience. 

The productivity, as a result of the complex interaction of 

genotype with technological factors, depends in a certain way on 

the level of metabolic processes in the organism. Therefore, an 
important component in improving the efficiency of livestock 

breeding is the identification of the relationship between 

individual blood values and the productivity of animals. 

Fundamental importance in this direction belongs to 
physiological research. A great deal of attention is devoted to the 

study of the physiology and biochemistry of blood, as well as to 

the identification of exchange bonds between the constituent 
parts of the blood and the level of animal productivity. In this 

regard, it seems promising to study the specific features of 

protein metabolism by candidate genes for protein metabolism in 
highly productive animals by hematologic blood indices. 

Table 4. Hematologic Blood Values of Cows with Different Genotype by Candidate Genes for Protein Metabolism 

Genes under study Genotype n 

Hematologic blood values 

Erythrocyte 
10 ¹²/l 

Leukocyte 
10 ⁹ /l 

Platelet 
10 ⁹ /l 

Hemoglobin 
g/l 

Kappa-Casein 

АА 28 6,6±0,18 9,2±0,65 608,2±36,72 111,8±2,44 

АВ 50 6,6±0,12 8,8±0,35 626,1±25,78 113,2±1,93 

ВВ 25 6,7±0,17 9,0±0,54 627,5±42,91 116,8±2,11 

Beta-lactoglobulin 

АА 14 6,7±0,48 8,4±0,88 557,7±62,33 106,3±8,18 

АВ 57 6,5±0,13 8,8±0,40 598,1±25,76 112,4±1,72 

ВВ 44 6,8±0,11 9,2±0,38 638,5±27,88 113,9±1,88 

Prolactin 

АА 32 6,5±0,16 8,6±0,49 645,8±22,80 112,8±2,39 

АВ 40 6,6±0,14 7,8±0,40 592,5±35,21 114,4±1,88 

ВВ 5 6,9±0,46 7,4±0,95 627,6±61,41 110,5±5,33 

 

According to Table 4, we observe that the highest content of 
erythrocytes, platelets, and hemoglobin for the kappa-casein 

gene (CSN3) was observed in animals in the BB genotype. The 

studied index in animals of this genotype by the content of 

erythrocytes was higher by 0.1¹²/l, of platelets by 19.3 and 1.4⁹/l, 
of hemoglobin by 5 and 3.6 g/l than in peers of other genotypes. 
The content of leukocytes was within the limits of physiological 

norms. The studied indicator exceeded the similar index in 

animals with the genotype AB and BB by 0.4 and 0.2 ⁹/l. The 

high content of erythrocyte and hemoglobin values in the blood 
of cows with a homozygous BB genotype indicates a high 

productivity and lactation intensity of cows of this group. 

According to the beta-lactoglobulin gene (bLGB), the superiority 

in studied parameters was observed in animals with the BB 
genotype, which also indicates the conjugation of symptoms and 

the increased flow of metabolic processes in animals’ organisms. 

Another equally important gene is the prolactin gene, which is 

considered as one of the central candidate genes. For this gene, a 

high erythrocyte content was observed in animals in the BB  

 

 

genotype - 6.9 ¹²/l, which was detected in 5 cows, their result 
exceeded that of other genotypes by 0.4 and 0.3 ¹²/l. A high 

leukocyte and platelet count was detected in animals in the 

homozygous AA genotype and amounted to 8.6 ⁹/l and 645.8 ⁹/l. 
The highest hemoglobin value was obtained in animals with a 

heterozygous AB genotype, 114.4 g/l, which is 1.6 and 3.9 g/l 
more than in homozygous genotypes (AA and BB). 

The blood that is in constant contact with all organs and tissues, 

under the influence of various factors on the organism (feeding, 

maintenance, physiological state, etc.) reflects all the processes 
occurring in it, changing itself both qualitatively and 

quantitatively. Biochemical indicators play an important role in 

protein, lipid and mineral metabolism of animals. So, aspartate 
and alanine amine transferases (ACT and ALT) take an active 

part in nitrogen metabolism, carrying out a connection between 

protein, carbohydrate, and fat metabolism. 

In order to control metabolic processes and the state of animals 
under the conditions of Galitskoe LLP, a study was made of the 

state of their immuno-biochemical status. Table 5 contains data 

on the study of biochemical blood values, depending on the gene 
and the genotype of cows. 

Table 5. Biochemical Blood Values of Cows with Different Genotype for Candidate Genes of Protein Metabolism 

Genes under study 
Genotyp

e 
n 

Biochemical blood values 

Cholesterol, 

g/l 

Common 

protein, g/l 

ALT, 

Unit/l 

АСТ, 

Unit/l 

Glucose, 

mmol/L 

Kappa-casein 

АА 28 3,9±0,99 82,5±6,61 31,6±1,85 72,8±3,38 3,6±0,83 

АВ 50 3,4±0,50 79,5±2,78 34,8±1,82 71,9±2,15 2,9±0,08 

ВВ 25 2,4±0,23 100,2±17,6 35,3±1,92 75,6±3,95 3,8±0,97 
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Beta-lactoglobulin 

АА 14 2,6±0,19 75,9±7,52 32,1±3,13 64,6±5,31 2,9±0,23 

АВ 57 3,8±0,67 81,7±5,74 35,0±1,16 73,1±1,83 3,6±0,58 

ВВ 44 2,6±0,15 88,0±8,65 37,8±2,20 73,6±3,10 2,8±0,11 

Prolactin 

АА 32 3,2±0,27 80,7±5,61 36,4±1,80 72,4±2,44 2,9±0,11 

АВ 40 3,2±0,67 85,9±8,01 36,2±1,52 71,1±2,40 3,4±0,58 

ВВ 5 2,9±0,38 85,2±11,40 37,7±3,81 78,5±11,1 2,7±0,33 

 

 

On the basis of experimental data, it was established that with an 
increase in the amount of sorbent KM-1a from 0.02 to 1.0 w.p. 

regardless of the process temperature, the degree of treatment of 

water from oil increases. For example, for 30 minutes of the 
process when the concentration of oil in water is 200 mg/l by 

using the KM-1a preparation in an amount of 0.02 w.p., the 

degree of water treatment is 27.42%, and by the amount of 1.0 
w.p. - 98.03%. 

 

The results of the research showed that a high cholesterol 
content in the blood was observed in cows by the kappa-casein 

gene (CSN3). In cows with homozygous genotype AA - 3.9 g/L, 

their result was higher by 0.5 and 1.5 g/l than in peers of other 
genotypes. According to the beta-lactoglobulin gene (bLGB), a 

high cholesterol concentration was found in cows with a 

heterozygous genotype AB and amounted to 3.8 g/L. According 
to the prolactin gene (PRL) in the studied genotypes, the 

cholesterol content was almost the same and was within the 

range of 2.9-3.2 g/l. Based on the results of conducted studies, it 
can be concluded that the concentration of cholesterol in the 

blood of lactating cows depends on the level of productivity and 

their genotypic affiliation to the loci studied by the DNA. 

In the opinion of T.A. Guseva, blood proteins have a leading role 
in the organism. They are used in the synthesis of enzymes, 

many hormones; they are involved in the transportation of 

nutrients and minerals, and are also responsible for nonspecific 
reactions and immunological reactivity of the organism, 

depending on environmental conditions. (7) 

 

 

 

Analyzing the data given in Table 5, it can be seen that the 

highest concentration of total protein was observed in all animals 

with homozygous genotype BB. In cows with the kappa-casein 
gene (CSN3), it was 100.2 l/g, for the beta-lactoglobulin gene 

(bLGB) it was 88.0 g/L and 85.9-85.2 g/L for genotypes of the 

prolactin gene (PRL). Thus, during the studies, we found that the 
highest concentration of total protein in the blood was observed 

in a more highly productive group of animals with the BB 

genotype. 

The activity of the enzymes ACT and ALT is an indicator of 

protein metabolism in the organism, which is used to control 
animal health. Investigations of the activity level of 

aminotransferase performed by us in the blood of cows in the 

kappa-casein (CSN3), beta-lactoglobulin (bLGB) and prolactin 
(PRL) genes showed that high activity of ALT and ACT was 

detected in blood of animals with BB genotype, which indicates 

a high protein metabolism in cows of this genotype. The glucose 
content was within the physiological norm. Some decrease in the 

activity of ALT and ACT in cows with heterozygous genotypes 

is apparently due to the periodicity of the processes of 
transamination and self-renewal of proteins in the organism 

during the animal pregnancy period. 

The blood is rather a labile and plastic substance capable of 

maintaining the balance of its main components despite 
changing environmental conditions, as well as changes in the 

organism at the physiological level. The intensity of metabolism 

has a direct relationship with the dairy productivity and genotype 
of animals. This is confirmed by the fact that the metabolism of 

substances in the blood in highly productive cows is somewhat 

faster than in low productivity animals. (8) 

Table 6. Correlation Dependencies Between the Indices of Productivity and Blood Composition in Cows with Different Genotype for 

Protein Candidate Genes 

Genes under study Genotype n Total protein of blood, g/L Protein in milk, % 
 
r 

Kappa-casein 

АА 28 82,5±6,61 3,20±0,03 0,66 

АВ 50 79,5±2,78 3,25±0,05 0,55 

ВВ 25 100,2±17,46 3,26±0,06 0,65 

Beta-lactoglobulin 

АА 14 75,9±7,52 3,24±0,03 0,84 

АВ 57 81,7±5,74 3,20±0,05 0,90 

ВВ 44 88,0±8,65 3,26±0,03 0,99 

Prolactin 

АА 32 80,7±5,61 3,23±0,08 0,58 

АВ 40 85,9±8,01 3,22±0,02 0,94 

ВВ 5 85,2±11,40 3,16±0,06 0,55 

 

As shown by the presented data, for all the genes and genotypes 

studied between the total protein content in the blood and the 
protein in milk, a high positive correlation relationship was 

found between 0.55 and 0.99. In kappa-casein (CSN3) and beta-

lactoglobulin (bLGB) genes, the highest correlation indicator 
was obtained in cows with BB genotype (0.65 and 0.99). 

 

According to the data of T.A. Guseva, in the breeding process, 
the correlation between the selection criteria in the population is  

 

of great importance, since in the case of positive correlation, 

selection can be conducted according to one of the interrelated 
characteristics, while improving the parameters of the other. On 

the contrary, if the connection is negative, other methods should 

be chosen to improve the herd. (7) 
 

The strength and orientation of the connection of traits in groups 

of experimental animals are presented in Table 7. 

 

 
 

 

 

- 136 -



A D  A L T A   J O U R N A L  O F  I N T E R D I S C I P L I N A R Y  R E S E A R C H  
 

 

Table 7. Correlation Dependencies Between the Indices of Productivity and Blood Composition in Cows with Different Genotype for 

Candidate Genes of Protein Metabolism 

Genes under study Genotype n Yield, kg Act. ALT r 
Act. 

ACT 
r 

Kappa-casein 

АА 28 5356,7±219,65 31,6±1,85 0,75 72,8±3,38 0,49 

АВ 50 5387,8±248,32 39,8±1,82 0,45 71,9±2,15 0,04 

ВВ 25 5517,1±256,17 35,3±1,92 0,41 75,6±3,95 0,01 

Beta-lactoglobulin 

АА 14 5571,2±461,71 32,1±3,13 0,40 64,6±5,31 0,05 

АВ 57 5316,6±155,98 35,0±1,16 0,75 73,1±1,83 0,17 

ВВ 44 5357,2±213,89 37,8±2,20 0,43 73,6±3,10 0,90 

Prolactin 

АА 32 5741,1±282,60 36,4±1,80 0,96 72,4±2,44 0,20 

АВ 40 5457,6±204,18 36,2±1,52 0,33 71,1±2,40 0,10 

ВВ 5 4743,6±597,36 37,7±3,81 0,53 78,5±11,31 0,71 

 

The presented materials show that the closest positive 
relationship is found in cows between the indices of milk yield 

and the activity of the ALT enzyme. In the kappa-casein (CSN3) 

and prolactin (PRL) genes, a high positive correlation was 

calculated in cows with a homozygous AA genotype amounted 

to 0.75 and 0.96, for the beta-lactoglobulin (bLGB) gene in the 

AB genotype it was 0.75. In the remaining pairs of studied signs, 
a weak positive correlation of different severity degree was 

observed. The presented results of biochemical research testify 

to the presence of interrelation in the activity of reamination 
enzymes and biochemical blood values of cows with their milk 

productivity.  

 

4 Conclusion 

The effective conducting of selection work in dairy cattle 

breeding is impossible without the complex use of all 
achievements in the field of such sciences as genetics, 

physiology, and biochemistry. Therefore, it is necessary to know 

the mechanisms for obtaining high milk productivity and, 
accordingly, their application in the practice of dairy cattle 

breeding. The knowledge of such mechanisms in the early stages 

of animal development will allow predicting their future dairy 

productivity using DNA tests, which will allow to purposefully 

increase their dairy productivity. In this connection, it is 

necessary to study various mechanisms of DNA technology 
impact by studying the relationship between the biochemical 

blood values of lactating animals with the level of their milk 

production and to find the closest correlative relationships of 
these indicators with the dairy productivity value of cattle. 

Thus, the conducted studies allow to conclude that the studied 

hematological and biochemical indicators of blood are 

interrelated with the genotype of cows, they can be used as tests 
for the early prediction of the dairy productivity of cows.  
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