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Abstract. Scientific and production experiments were carried out on 

lactating cows of the Simmental breed. 4 groups of cows derived from 

different lines of bulls Romulus, Redad, Huxle, and Honig were formed for 

the experiment. Each group contained 10 heads. The level of dairy 

productivity of experimental cows was the same and amounted to about 11 

thousand kg of milk per lactation. The keeping conditions for the animals 

were the same. Feeding levels were consistent with their dairy 

productivity. Blood for the study was taken once a month prior to morning 

feeding. The following were determined in blood samples: total protein, 

alanine aminotransferase (ALT), aspartate aminotransferase (AAT), 

alkaline phosphatase (AP) and lactic dehydrogenase (LDH).  During 

lactation, the highest level of total protein, the activity of ALT, AAT, AP, 

LDH was observed at the peak of lactation, followed by their decrease by 

the end of lactation regardless of cows' genetic affiliation. Relatively 

higher levels of total protein and ALT, AAT and LDH activity have been 

observed in lactating cows of the bull line Romulus relative to cows of the 

bull lines Redad, Huxle and Honig.  There were no differences within the 

cows' genetic lines in the activity of alkaline phosphatase.  

1 Introduction 
Modern breeding is aimed at selecting animals by certain traits. In breeding terms, 

animals combining desirable traits are of special value [1]. However, the traditional 

selection system of genetically valuable animals often does not consider their interior 

biochemical features, which reflect the focus of metabolic processes occurring in the body. 

Since blood enzymes and related biochemical metabolic features are encoded in genes, it 

can be expected that the biochemical features of animals will be closely related to their 

economic traits and reflect their genetic potential [2, 3, 4, 5]. One of these directions in 

biochemical genetics is the study of blood enzymes activity.  

As it is known, the action of genes is carried out through enzyme systems, which affect 

the overall metabolism and thereby cause a certain level of productivity. The most 

accessible material for the interior indicators' assessment is blood; its research can be used 

to identify biochemical tests in breeding work with dairy cattle [6, 7, 8, 9]. In this regard, 

key enzymes such as ALT, AAT, AP, and LDH are of greatest interest.  
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ALT and AAT transaminases in the body catalyze reversible transamination reactions, 

which are a key link in protein metabolism. These enzymes are directly involved in the 

transfer of hydrogen and amino groups from amino acids to ketonic acids, and thereby 

participate in amino acid metabolism. The activity of alkaline phosphatase is associated 

with the regulation of cellular permeability - resorption of glucose and lipids in the small 

intestine occurs under its influence. The lactate dehydrogenase enzyme contains zinc in its 

composition. The main function of this enzyme is the catalysis of lactic acid oxidation to 

pyruvate [10]. There is a small number of works devoted to the study of genetic features of 

animals' interior [11, 12], but complex studies of blood enzymes in lactating cows of 

different genetic origin are absent. In this regard, this study is relevant. 

Purpose. The aim of the study was to determine the dynamics of total protein in blood, 

the activity of alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase 

and lactate dehydrogenase enzymes in lactating cows obtained from different bull lines.

2 Research materials
Scientific and production experiments were carried out on lactating cows of the Simmental 

breed. 4 groups of cows derived from different lines of bulls Romulus, Redad, Huxle, and 

Honig were formed for the experiment. Each group contained 10 heads. The level of dairy 

productivity of experimental cows was the same and amounted to about 10 thousand kg of 

milk per lactation. The keeping conditions for the animals were the same. Feeding levels 

were consistent with their dairy productivity. During lactation, blood for the study was 

taken once a month prior to morning feeding. Total protein was determined in blood 

samples on a refractometer. Alanine aminotransferase (ALT), aspartate aminotransferase 

(AAT), alkaline phosphatase (AP) and lactate dehydrogenase (LDH) enzymes were 

determined using reagents by “Bios systems”. Research was conducted on the biochemical 
analyzer Sapphire 400. The obtained results of the study were subjected to biometric 

processing by the variational statistics method. 

3 Results of the study
Total protein. The obtained study results of total protein in the blood of lactating cows 

obtained from different bull lines are shown in Figure 1. 

Fig. 1. Dynamics of total protein in the blood of lactating cows of different genetic bull lines.

As can be seen from the given data, the total protein level in the blood at the first month of 

lactation in experimental cows was approximately at the same level and was in the range 
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from 72,6 ± 2.4 to 73.1±2.2 g/l. Further during lactation, the concentration of total protein 
in animals' blood in all experimental groups increased. So, in the second month of lactation 

this indicator in cows obtained from the bull lines Romulus, Redad, Huxle and Honig, the 

concentration of total protein amounted to 76.8 ± 2.9 g/l, 75.1±2.7 g/l, 74.9±2.7 g/l and 

77.1±3.0 g\ l, respectively. The third month of lactation showed the highest level of total 

protein in the blood of lactating cows regardless of their genetic affiliation. During this 

lactation period, the concentration of total protein in the blood of cows belonging to the bull 

lines Romulus, Redad, Huxle and Honig was 83.3±3.0 g/l, 81.2±2.8 g/l, 82.1±2.7 g/l, 81.7± 
3.1 g/l respectively. Increases in total protein in cows of the bull lines Romulus, Redad, 

Huxle and Honig relative to the first month of lactation occurred by 13.95, 11.3%, 13.0% 

and 11.9%. From the fourth to ninth month of lactation, the level of total protein in the 

blood in all experimental cows gradually decreased. At the 9th month of lactation, its 

concentration in cows of the bull lines Romulus, Redad, Huxle and Honig amounted to 

74.9±2.8 g/l, 75.2±3.0 g/l, 75.3±2.7 g/l and 75.0±2.8 g/l, respectively. In relation to the 

maximum level of total protein that we observed at the peak of lactation, decreases by the 

9th lactation month in cows of the bull lines Romulus, Redad, Huxle and Honig amounted 

to 11.2%, 7.9%, 9.0% and 8.9% respectively. At the end of lactation, at the 10th month in 

relation to the 9th, there was an increase in total blood protein in all experimental animals. 

Apparently, this increase is associated with an increase in the pregnancy period and the 

growth of the fetus in experimental cows. The level of total protein at the 10th month of 

lactation in cows of the bull lines Romulus, Redad, Huxle and Honig was 77.3±3.0 g/l, 
76.6±2.9 g/l, 77.0±2.5 g/l and 75.8±2.7 g/l. In the comparative aspect of experimental 
animals, it is evident that significant differences in the level of total protein in the blood in 

cows of different bull lines have not been established. However, it should be noted that 

marginally higher rates of total blood protein were noted in cows of the bull line Romulus 

relative to the compared cow groups.

Alanine aminotransferase (ALT). From the data shown in Figure 2, it is clear that at the 

beginning of lactation the activity of ALT in experimental cows was at the level from 

227.0±5.4 nkat/l to 232,5±nkat/l. 

Fig. 2. Dynamics of alanine aminotransferase in the blood of lactating cows of different genetic bull 

lines.

In the third month of lactation, during the period of maximum milk yield, the ALT 

activity in all experimental groups of lactating cows was at the highest level and in the 

cows of the bull lines Romulus, Redad, Huxle and Honig amounted to 287.8±4.9 nkat/l, 
280.8±5.1 nkat/l, 277.4±5.2 nkat/l and 272.1±5.0 nkat/l, respectively. After the third month, 
there was a gradual decline in ALT activity. This decrease occurred until the 9th month of 

lactation. At the 9th month of lactation, ALT activity was in the cows of the bull lines 

Romulus, Redad and Honig was at 266.4±4.7 nkat/l, 258.3±5.0 nkat/l, 246.1±5.0 nkat/l and 
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250.3±5.2 nkat/l, respectively. In relation to the 9th month, on the 10th lactation month 

there was an increase in ALT activity in cows of the bull lines Romulus, Redad, Huxle and 

Honig to 278.4±5.1 nkat/l, 265.6±4.4 nkat/l, 268.8±4.6 nkat/l, 266.4±4.8 nkat/l, 
respectively. Apparently, this phenomenon is also associated with the development and 

growth of the fetus and increased protein metabolism in the synthesis of which ALT is 

involved. Analyzing data between experimental cow groups, it should be noted that the 

activity of ALT in lactating cows of different bull's genetic origin is not the same. 

Relatively higher activity rates of this enzyme were observed in cows of the Romulus bull 

line. There were statistically reliable differences at 3,4,9 and 10 months of lactation in cows 

of the Romulus bull line with respect to the cows of the Honig bull line (P<0.05). At 4.5 

and 9 months of lactation, statistically significant differences were established between the 

cows of the bull lines Romulus and Huxle (P<0.05). Similar changes were also observed in 

the activity of aspartate aminotransferase (AAT) figure 3. 

Fig. 3. Dynamics of aspartate aminotransferase in the blood of lactating cows of different genetic bull 

lines.

So, in the first month of lactation, AAT activity in cows of the bull lines Romulus, 

Redad, Huxle and Honig was 320.3±5.0 nkat/l, 325.4±5.6 nkat/l, 318,2±5.3 nkat/l. As with 
previous indicators, AAT activity was also the highest at peak lactation. So, in cows of the 

bull line Romulus, the enzyme activity was 408.6±6.0 nkat/l, in cows of the bull line Redad 
- 390,9±6.2 nkat/l, in cows of the bull line Huxle - 394,4±6.8 nkat/l, and the cows of the 
bull line Honig - 390.7±5.7 nkat/l. Further during lactation up to the 9th month there was a 

decrease in AAT activity in all experimental cows. At the 9th month of lactation, this 

indicator in cows of the bull line Romulus was 337.0±5.8 nkat/l, in cows of the bull line 
Redad - 330.5±5.7 nkat/l, in cows of the bull line Huxle - 328.8±5.8 nkat/l, in cows of the 

Honig bull line - 329.0±5.6 nkat/l. At the 10th month of lactation, there was an increase in 

AAT activity in cows of the bull line Romulus to 342.1±4.8 nkat/l, in cows of the bull line 
Redad - to the level of 346.3±4.9 nkat/l, in cows of the bull line Huxle - to the level of 

350.7±6.0 nkat/l, in cows of the bull line Honig - to the level of 340.8±5.7 nkat/l. 
Considering the obtained data in a comparative aspect between experimental groups, it 

should be noted that relatively higher AAT activity during all lactation periods was noted in 

cows of the bull line Romulus. Statistically reliable differences on the 3rd month of 

lactation were established between the cows of the bull lines Romulus and Redad (P<0.05), 

as well as between the cows of the bull lines Romulus and Honig (P<0.05). There were also 

statistically significant differences between the cows of the bull lines Romulus and Huxle 

(P<0.05), as well as between the cows of the bull lines Romulus and Honig (P<0.05) at the 
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4th month of lactation. During other lactation periods, the differences between experimental 

groups of cows were not statistically reliable (P>0.05). 

Dynamics of alkaline phosphatase activity in the blood of lactating cows belonging to 

different bull lines is shown in Figure 4.

Fig. 4. Dynamics of alkaline phosphatase in lactating cows of different genetic bull lines.

In the first month of lactation, the activity of alkaline phosphatase in experimental cows 

was at the level from 1.7±0.2 μkat/l to 1.9±0.2 μkat/l. By the second month of lactation, the 
activity of this enzyme increased in all groups of lactating cows and was at a level from 

2.1±0.2 μkat/l to 2.3±0.3 μkat/l. The enzyme's highest activity was observed at peak 
lactation, which corresponded to the third month of lactation. So, in cows of the bull line 

Romulus, the AP activity during this period was 2,4±0.2 μkat/l, in cows of the bull line 
Huxle - 2,3±0.2 μkat/l and in cows of the bull line Honig - 2,4±0.2 μkat/l. Relatively high 

enzyme activity in lactating cows was preserved at 4 and 5 months of lactation. So, on the 

fourth month of lactation, the activity of AP in cows of the bull lines Redad, Huxle and 

Honig was the same and amounted to 2,3±0.2 μkat/l, and in cows of the bull line Romulus -

2,4±0.3 μkat/l. At the 5th month of lactation, the AP activity did not change significantly 
and was at the level from 2.2 to 2.4 μkat/l. By the 7th month of lactation, the value of the 
AP activity changed towards decrease. So, in the cows of the bull lines Romulus, Redad 

and Honig, the level of enzyme activity was the same and amounted to 1,8±0.2 μkat/l, and 

the cows of the bull line Huxle - 1,9±0.3 μkat/l. By the 8th and 9th month of lactation, the 
indicators of the AP activity continued to change. So, on the 8th and 9th months of 

lactation, the activity of the enzyme was at the level of 1.6-1.8 μkat/l. By the 10th month of 

lactation, there was an increase in the AP activity. In the cows of the bull lines Redad and 

Honig, the enzyme activity was the same and amounted to 1.9±0.3 μkat/l, and the cows of 
the bull line Romulus and Huxle - 1.8±0.2 μkat/l, 1.7±0.2 μkat/l and 1.7±0.2 μkat/l, 
respectively. 

Studies of lactate dehydrogenase activity in the blood of lactating cows obtained from

different bull lines are shown in Figure 5. 
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Fig. 5. Dynamics of lactate dehydrogenase activity in the blood of lactating cows of different genetic 

bull lines.

As evidenced by the given data, at the first month of lactation the LDH activity was at 

the level from 1.8±0.4 μkat/l to 2.3±0.5 μkat/l. With further increase in milk productivity 
until the third month of lactation, the activity of the enzyme increased. At the peak of 

lactation, which corresponded to the third month, the LDH activity was the highest thorugh 

the entire observation period and was at the level from 4.2±0.8 μkat/l to 7.4±1,1 μkat/l. In 
cows of the bull line Romulus, the LDH activity during this period amounted to 7.4±1.1 
μkat/l. In cows of the bull line Redad - 5,3±0.9 μkat/l, cows of the bull line Huxle - 4,4±0.8 
μkat/l, the cows of the Honig bull line - 4,2±0.8 μkat/l. During further lactation until the 9th 

month inclusively, there was a decrease in the activity of the enzyme. So, on the 8th month, 

LDH activity in the blood of cows of the bull line Romulus was 2.7±0.6 μkat/l, in cows of 
the bull line Redad - 2,6±0.5 μkat/l, in cows of the Honig bull line - 2,2±0.5 μkat/l. Further 
to the end of lactation, there was an increase in LDH activity observed. At the 10th month, 

the level of enzyme activity in cows of the bull line Romulus and Redad was 4.9±0.8 μkat/l 
and 4.0±0.7 μkat/l, respectively. In the cows of the bull lines Huxle and Honig, LDH 

activity was the same and amounted to 3.6 μkat/l. When comparing LDH activity rates 

between experimental cow groups, it should be noted that higher LDH activity values were 

in cows of the bull line Romulus at the 3rd and 4th months of lactation relative to the data 

of Huxle and Honig bull line cows. The differences were statistically reliable (P<0.05). 

4 Conclusions
1. During lactation, the highest level of total protein, activity of alanine aminotransferase, 

aspartate aminotransferase, alkaline phosphatase, lactate dehydrogenase were observed at 

the peak of lactation followed by their decrease by the end of lactation regardless of the 

genetic affiliation of cows. 

2. Relatively higher levels of total protein and activity of alanine aminotransferase, 

aspartate aminotransferase and lactate dehydrogenase were noted in lactating cows of the 

Romulus bull line relative to cows of bull lines Redad, Huxle and Honig.  There were no 

differences within the genetic lines of cows in the activity of alkaline phosphatase. 
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