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A b s t r a c t  
 

Making the most of the genetic potential of dairy cattle imported to the Russian Federation 

is an important and urgent task which requires a detailed study of animals’ acclimatization and adap-

tation under the conditions at regional livestock enterprises. The aim of the work was to assess body 

scores, productive and reproductive performance, blood biochemical parameters and composition in 

the Holstein black-and-white first calving cows (a herd of OOO Molochnik, Bolshesoldatsky District, 

Kursk Province, 2019-2020). We compared performance of 15 imported heifers of European selection 

from Denmark (group 1) and 15 heifers from pre-adapted mother cows born on the farm (group 2). 

The groups were in identical feeding and housing conditions. On average, the cows calved in 23.6 

(group 1) and 24.6 months (group 2), having bodyweight of 509.2 and 516.9 kg, respectively. For 305-

day lactation, total milk production was 8667 kg with 3.73 % fat for group 1 and 121 kg more with 

3.80 % fat for group 2 (the differences are insignificant). Milk yield adjustment to 3.4 % milk fat 

increased the difference to 314 kg (P > 0.95). In group 1, the milk fat yield was 323.6 kg, or 10.3 kg 

less compared to group 2 (the differences are insignificant). The difference in milk proteins was also 

small (3.27 vs. 3.28 %). Total milk protein yield was 283.4 kg vs. 288.2 kg, the milk production coef-

ficients (i.e., fat-corrected milk yield per unit bodyweight) was 1867 kg vs. 1900 kg. Therefore, these 

findings confirm 93.1 % vs. 93.0 % realization of genetic potential for milk production, 99.5 % vs. 

100.7 % for milk fat, and 100.0 % vs. 99.3 % for milk protein. All cows were quite tall, their height at 

the withers averaged 137.5 cm vs. 135.4 cm, at the sacrum 145.3 vs. 142.4 cm. The total exterior scores, 

including strong body constitution, well-developed milk traits, and leg condition, in group 1 were 

higher (P > 0.95) compared to group 2. According to a 100-point evaluation, the cows of group 1 

had a slight advantage. Of the classification traits, the score of trunk volume was 0.9 points higher, 

of udder — 0.9 points higher, of general appearance — 0.8 points higher compered to group 2 (the 

differences are insignificant). The animals of both group had body type Good+ with 83.0 points vs. 

81.7 points for five classification traits compared (the difference is insignificant). At month 6 of 

lactation, the total blood protein level averaged 83.11 g/l vs. 83.78 g/l. Other biochemical blood 

parameters (albumin, globulins, glucose, cholesterol, calcium, phosphorus, magnesium, activity of 

transamination enzymes and alkaline phosphatase) were within the physiological limits. An increased 

counts of blood leukocytes occurred in the European cows. The hematocrit index in group 1 was 

significantly higher than in group 2 (P > 0.95), which is apparently due to intensified metabolism. 

Thus, in the conditions that meet the biological needs of animals, the acclimatization of European 

breeding cows is quite successful. 
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cattle imported to the Russian Federation from abroad remains an important and 

urgent problem [1, 2]. In connection with the culling of animals for various reasons 

[3-6], the selection of cows of the first calving for herd repair is an important 

direction in selection and breeding work both in Russia and abroad. For example, 

in Canada, 34-36 replacement heifers are raised annually per 100 cows [7, 8]. 

The import of breeding stock does not completely solve the problems of 

dairy cattle breeding. There are risks during transportation and quarantine of ani-

mals, difficulties in adapting to new technological conditions, as a result, the du-

ration of the productive use of cows is significantly reduced, their genetic potential 

is not fully realized [9, 10]. As per H.A. Amerkhanov [11], internal reserves for 

increasing the milk productivity of cows are the full realization of the genetic 

potential of animals, the improvement of feeding regimes, the use of innovative 

technologies for keeping and reproducing herds. 

Russia ranks 6th in the world in terms of milk production. In January-

September 2020, gross milk yield in farms of all categories amounted to 24.9 mil-

lion tons and increased by 2.7% compared to 2019. At agricultural enterprises, 

milk yield per cow amounted to 6156.0 kg, or 6.5% more compared to the same 

period in 2019. The intensification of domestic dairy cattle breeding in Russia is 

carried out on the basis of a qualitative transformation of domestic cattle breeds 

and the creation of highly productive dairy herds that meet the requirements of 

modern milk production technologies. For this purpose, highly productive animals 

of the Holstein breed, which have a high genetic potential, are imported into the 

Russian Federation from Europe and North America [12]. According to the Min-

istry of Agriculture of Russia, for the period from 2008 to 2018, the number of 

Holstein cattle in Russia increased by 4.3 times, from 121.23 thousand animals, 

or 3.4% of probonitated individuals to almost 525 thousand heads. With loose 

housing and balanced feeding, the yield of Holstein cows is 8000-10000 kg of milk 

with a mass fraction of fat of 3.5-3.6% [13, 14]. When breeding dairy cattle, much 

attention is paid to the assessment of animals according to their exterior and con-

stitutional features [15-17]. 

Here, we present the results of assessing the acclimatization qualities of 

animals imported and born on the farm, based on a comprehensive comparison 

of their conformation, physiological and productive indicators. Under conditions 

that meet the biological needs of animals, the successful acclimatization of first-

calf heifers of European selection has been confirmed. 

The purpose of the work is to study the economic and biological charac-

teristics of cows of the first calving of the black-and-white Holstein cows of dif-

ferent origin in a dairy farm. 

Materials and methods. The studies were carried out in 2019-2020 on a 
population of highly productive black-and-white Holstein cows (Molochnik LLC, 
Bolshesoldatsky District, Kursk Province). The dairy herd of the enterprise was 
completed with the livestock of heifers imported from the breeding farms of Eu-
ropean countries and the USA. Information about the productive indicators of 
animals, their production use was borrowed from the card index of breeding cows 
of the archive of the program for zootechnical and breeding accounting AWP 
"SELEKS" (LLC Regional Center for Information Support of Pedigree Livestock 
Breeding of the Leningrad Region, PLINOR). For the study, we used two test 
groups, each of 15 randomly assigned first-calf heifers. Group 1 included imported 
animals of European selection (Denmark), group 2 consisted of animals that de-
scended from mothers born on the farm and passed adaptation. Animals during 
the experiment were in identical conditions of feeding and maintenance. 

The coefficient of milk yielding (MY, kg) was determined by the formula 

reducing the milk yield to the basic rate of milk fat content equal to 3.4%:  
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MY = (Y305 ½ MFF) ½ 3.41 ½ LW1 ½ 100, 

where Y305 is milk yield for 305 days, kg; MFF is mass fraction of fat, %; LW is 

live weight, kg. 

The degree of realization of the genetic potential (RGP, %) of animals 

was calculated as RGP = OP ½ EP1 ½ 100%, where OP is observed productivity, 

EP is expected productivity according to the parental index of cows (PCI), kg. 

PCI was calculated by the formula of N.A. Kravchenko (1969):  

PCI = 1/4 (2M + MM + FM),  

where M is mother’s productivity, kg, MM is productivity of mother’s mother, 

kg, FM is productivity of father’s mother, kg. 

The measurements of the main body parts of the animals were determined 

on the 3rd-5th month after calving, body indexes were calculated based on the 

ratio of the corresponding measurements [18]. To study the physique, a linear 

assessment method was used, which makes it possible to obtain an objective as-

sessment of individual animals, groups of animals and herds as a whole, to conduct 

a corrective selection to eliminate the identified shortcomings in the exterior of 

animals and thus influence the type of physique. Each of the features used in linear 

estimation and has an independent value and was evaluated separately from others 

on a scale from 1 to 9 points: the average value of the trait is 5 points. In assessing 

the trait, biological extremes (, +) of development were taken into account. Sev-

enteen exterior traits were evaluated, and in the complex assessment of individuals 

on a 100-point scale, 5 traits were used. In addition to the traits included in the 

linear type score, conformation deficiencies that affect health and milk production 

were accounted [17, 19-21]. 

The health and metabolic state of the animals was assessed by morpholog-
ical and biochemical parameters of blood. In 5 individuals from each group, at 
the 6th month of lactation, blood samples were taken into vacuum tubes (from 
the caudal vein in the morning before feeding). Total protein and its fractions, 
glucose, total cholesterol, enzymes alanine aminotransferase (AlAT), aspartate 
aminotransferase (AsAT), alkaline phosphatase, calcium, phosphorus, magnesium 
were determined in blood serum in accordance with the manufacturer’s instruc-
tions (a biochemical automatic analyzer BioChem FC 120 and the supplied rea-
gents, High Technology, Inc., USA). Complete blood count was performed on a 
Mindray BC-2800 Vet automatic hematology analyzer with Vet 2.3 software for 
animals (Mindray Medical International, Ltd., China). The resulting digital ma-
terial was subjected to biometric processing [22] using the standard package of the 
Data Analysis program in the Microsoft Excel system for WINDOWS. Means 
(M), standard errors of means (±SEM), coefficients of variation (Cv, %) are pre-
sented. To assess the significance of differences between groups, the Student-
Fisher test was used. Differences were statistically significant at P > 0.95. 

Results. The intensity of animal rearing to a certain extent affects the com-

pleteness of the implementation of their genetically determined productive quali-

ties. For optimal formation of glandular tissue in the udder, heifers should receive 

300-350 kg of milk during the milking period, feeding on balanced, complete diets 

with a moderate amount, but high quality of feed [23]. Analyzing the data, it can 

be stated that in LLC Molochnik, rearing of replacement young animals is well-

organized. Heifers from group 2 were effectively inseminated at the age of 

15.5±2.8 months upon reaching a live weight of 391.8±20.9 kg. It should be noted 

that the animals that came from Europe were also grown intensively. So, in heifers 

of group 1, the age of the first insemination was 29 days less than in the animals 

of group 2, and the live weight was 0.4 kg more, the animals calved on average at 

about the same age (Table 1). The live weight of cows from group 2 at the first 

calving was 7.7 kg more than that of cows from group 1 (differences are not 
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significant). 

1. Growth and milk yield in black-and-white Holstein replacement heifers of various 

origin (M±SEM, LLC Molochnik, Kursk Province, 2020) 

Index Group 1 (n = 15) Group 2 (n = 15) 

Age of the 1st insemination, months 14.6±1.5 15.5±2.8 

Live weight at the 1st insemination, kg 392.2±15.7 391.8±20.9 

Age at 1st calving, months 23.6±1.4 24.6±2.7 

Live weight at the 1st lactation, kg 509.2±15.4 516.9±25.1 

Milk yield for 305 days of lactation, kg 8667±94 8788±128 

Milk yield adjusted for 3.4% fat content, kg 9508±86* 9822±97 

Mass fraction of fat (MFF),% 3.73±0.11 3.80±0.07 

Milk fat, kg 323.6±19.1 333.9±16.8 

Mass fraction of protein (MFP), % 3.27±0.06 3.28±0.04 

Milk protein, kg 283.4±17.4 288.2±4.4 

N o t e. Imported animals of European selection (Denmark) were group 1, heifers derived from mothers born at the 

farm and subjected to adaptation were group 2. 

* Differences between groups are statistically significant at P > 0.95. 

 

The evaluation of the productive indicators of first-calf heifers indicates a 

high genetic potential of animals, that is, all individuals are selected for abundant 

milk production. The milk yield of cows for 305 days of lactation in group 1 

averaged 8667±94 kg, in group 2 it was 121 kg higher. When the milk yield was 

adjusted to the normalized milk fat content, the difference increased to 314 kg 

and became significant (P > 0.95). At the first calving, the cows from group 2 also 

differed from the imported peers by a higher content of fat in milk (3.80±0.07 vs. 

3.73±0.11%). As a result, the difference between the groups in milk fat yield was 

more significant. So, in group 2, the milk fat yield was 10.3 kg more than in group 

1 (differences are not significant). We did not reveal any noticeable difference in 

the mass fraction of protein in milk (see Table 1). The yield of milk protein in 

cows in group 2 was 4.8 kg more than in group 1 (differences are not significant) 

(see Table 1). In group 1, the coefficient variability was 27.2% for milk yield, 2.8 

and 1.6% for the mass fraction of fat and protein, respectively, and 15.7% for milk 

fat; in group 2, these indicators accounted for 22.4%, 2.9% and 1.8%, 22.1%, 

respectively. 

The live weight of dairy cows is an important breeding trait that charac-

terizes the development of animals and is associated with their productive qualities. 

One of the objective indicators in assessing the milk productivity of cows is the 

milk yield coefficient, which shows the amount of milk produced per lactation per 

100 kg of live weight. The coefficient of milk production makes it possible to judge 

the constitutional orientation of animals. In our studies, animals in group 2 were 

had a higher indicator, 1900±30.7 kg vs. 1867±23.5 kg. Given these data, it can 

be concluded that in terms of productivity, all experimental heifers belonged to 

the dairy type. 

2. Values of PCI (parental indices of cows) and RGP (realization of genetic poten-

tial) in replacement black-and-white Holstein replacement heifers of various origin 

(M±SEM, Molochnik LLC, Kursk Province, 2020) 

Index Group 1 (n = 15) Group 2 (n = 15) 
PCI for milk yield, kg 9309±171 9437±134 

PCI by mass fraction of fat (MFF),% 3.75±0.14 3,77±0,11 

PCI by mass fraction of protein (MFP), % 3.27±0.05 3,30±0,07 

Actual milk yield (MY), kg 8667±94 8788±128 

Actual MFF, % 3.73±0.11 3,80±0,07 

Actual MFP, % 3.27±0.06 3,28±0,04 

RGP for milk yield, % 93.1 93,0 

RGP for MFF, % 99.5 100,7 

RGP for MFP, % 100.0 99,3 

N o t e. Imported animals of European selection (Denmark) were group 1, heifers derived from mothers born at the 

farm and subjected to adaptation were group 2. 
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Animals of groups 1 and 2, as descendants of highly valuable parents, 

inherited high productive indicators. The calculation of parental indices of mothers 

of experimental cows showed that, with the exception of milk yield, they differed 

insignificantly in other traits, that is, the phenotypic realization of their genetic 

inclinations turned out to be approximately at the same level. Realization of the 

genetic potential was somewhat higher by MFF (100.7%) in first-calf heifers of 

group 2, by MFP in group 1 (100.0%) (Table 2). 

The genetic potential of animal productivity is realized under the influence 

of paratypic factors in specifically created conditions for growing, keeping, feeding 

and exploitation. The body type of Holstein cattle, along with productive indica-

tors, is one of the selected traits used in the selection improvement of animals. 

The practice of breeding dairy breeds has shown the existence of a positive rela-

tionship between the productivity and duration of the economic use of cows with 

a well-developed physique. 

3. Linear scores of exterior in replacement black-and-white Holstein replacement 
heifers of various origin (M±SEM, Molochnik LLC, Kursk Province, 2020) 

Linear trait   
Group 1  (n = 15) Group 2 (n = 15) 

M±SEM Cv, % M±SEM Cv, % 
L i n e a r  s c o r e  A, points 

Trunk depth 5.7±0.3 20.2 5.4±0.3 22.5 

Fortress physique 5.3±0.2* 22.1 4.6±0.2 21.8 

Dairy cow stature  5.6±0.2 22.8 5.2±0.2 22.0 

Sacrum length 4.5±0.2 25.6 4.2±0.2 26.5 

Pelvic position 5.2±0.3 14.4 4.8±0.2 23.2 

Pelvis width 5.4±0.3 21.0 5.1±0.2 21.4 

Muscularity 5.0±0.2 17.7 4.8±0.1 16.8 

Position of the hind legs 4.8±0.2 24.7 5.0±0.1 24.2 

Hoof angle 4.8±0.2 15.0 4.3±0. 17.0 

Attachment of the front udder 4.8±0.2 20.7 4.5±0.2 22.8 

Length of front udder 5.4±0.2 21.6 5.1±0.1 28.3 

Height of udder attachment 5.3±0.3 21.5 4.9±0.2 21.6 

Rear udder width 5.7±0.3 20.8 5.3±0.2 19.4 

Udder furrow 5.4±0.3 24.2 5.3±0.1 18.6 

Udder bottom position 5.9±0.2 19.5 5.6±0.2 20.4 

Location of the anterior nipples 5.1±0.2 24.6 4.9±0.1 27.1 

Nipple  length 5.3±0.1 15.8 5.3±0.1 20.7 

C o m p r e h e n s i v e  a s s e s s m e n t  a c c o r d i n g  t o  s y s t e m  B (100-point scale) 
Body volume 83.1±0.5 5.2 82.2±0.6 8.1 

Expression of milk traits 83.8±0.7* 6.4 81.7±0.5 7.8 

Limbs  84.9±0.4* 5.1 83.5±0.4 7.2 

Udder 82.5±0.6 5.5 81.6±0.5 7.5 

General appearance  82.7±0.5 7.0 81.9±0.5 6.4 

Overall score 83.0±0.4 3.7 81.7±0.5 3.6 

N o t e. Imported animals of European selection (Denmark) were group 1, heifers derived from mothers born at the 

farm and subjected to adaptation were group 2. 

* Differences between groups are statistically significant at P > 0.95. 

 

A linear assessment of animal physique [24, 25] objectively determines the 

individual constitution in dairy cattle based on independent indicators for each 

parameter [26-28]. Table 3 shows linear measurements of the exterior of first-calf 

heifers. We found significant differences in favor of animals of group 1 for body 

strength by 0.7 points (significance criterion td = 2.13), milking characteristics by 

1.1 points (td = 2.13), limbs by 1.4 points (td = 2.13). The angle of the hoof 

formed by the front wall of the hoof of the hind limb with the floor plane was 

close to ideal (5 points, 45). An acute angle leads to rapid wear of the heel of the 

hoof, a blunt (more than 50, “butt hoof”) poorly amortizes the load on the joints 

of the hind legs. It should be noted that other indicators, except for the setting of 

the hind legs, were higher in the animals of group 1, although the observed dif-

ferences were not significant. 

Cows of group 1 showed high variability for the sacrum length (25.6%), 

setting of the hind legs (24.7%), location of the front teats (24.6%), udder furrow 
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(24.2%), of group 2 — for the length of the anterior udder lobes (28.3%), the 

location of the anterior nipples (27.1%), the sacrum length (26.5%), the position 

of the pelvis (23.2%). 

As per the set of features in the 100-point system, animals of group 1 

had a slight advantage (see Table 3). The volume of the body was higher by 0.9 

points, the classification score of the udder was higher by 0.9 points, and the 

general appearance was higher by 0.8 points vs those in cows of group 2 (differ-

ences are not significant). According to five classification features, animals of 

group 1 had a total score of 83.0 points, of roup 2 81.7 points. A difference of 

1.3 points tended to be close to significant (td = 1.75, P > 0.90). The complex 

assessment data showed that all animals were of the good+ body type, the dif-

ference between the groups was not significant, and the variability of the indi-

cators was low. 

4. Body measurements in replacement black-and-white Holstein replacement heifers 
of various origin (M±SEM, Molochnik LLC, Kursk Province, 2020) 

Measurement, cm 
Group 1 (n = 15) Group 2 (n = 15) 

M±SEM Cv, % M±SEM Cv, % 
Height at the withers 137.5±1.3* 3.00 135.4±2.1 2.77 

Rump height 145.3±1.4* 2.81 142.4±1.7 3.02 

Chest depth 73.8±0.7 2.97 73.7±0.4 4.88 

Chest width 46.4±0.4* 8.06 43.3±0.4 8.00 

Width in hook bones 54.4±0.8* 4.34 51.1±0.9 3.66 

Width at ischial tuberosities 37.1±0.5* 6.12 35.1±0.4 5.89 

Oblique torso length with a stick 164.4±0.5 4.08 163.1±0.4 3.87 

Chest girth 197.5±0.8 5.07 195.7±1.1 5.75 

Pastern girth 19.2±0.4 6.00 19.2±0.4 5.68 

N o t e. Imported animals of European selection (Denmark) were group 1, heifers derived from mothers born at the 

farm and subjected to adaptation were group 2. 

* Differences between groups are statistically significant at P > 0.95. 

 

Comparative analysis of body measurements revealed differences between 

groups (Table 4). At the age of the 1st calving, the animals were quite tall, in 

group 1 and group 2, the height at the withers averaged 137.5±1.29 cm and 

135.4±2.09 cm, respectively, in the sacrum 145, 3±1.4 and 142.4±1.7 cm, respec-

tively. Moreover, the difference between individuals in height at the withers and 

rump (respectively 2.1 cm and 2.9 cm) was significant (td = 2.46 and td = 2.20). 

The width of the chest, the width in the hook bones and the width in the ischial 

tuberosities in the first heifers from group 1 were significantly higher, by 3.1 cm 

(td = 4.07), 3.3 cm (td = 2.13) and 2.0 cm, respectively (td = 2.95). It should be 

noted that, according to other measurements (except for the girth of the metacar-

pus), first-calf heifers from group 1 were characterized by higher rates. Despite 

somewhat lower body measurements, the animals of group 2 also had a fairly good 

physique. 

In contrast to the comparative characteristics of measurements expressed 
in absolute values, the use of physique indices makes it possible to obtain relative 
numerical indicators characterizing the exterior type of dairy cattle in the relative 
harmony of all articles [29]. Dairy cattle have a lower stretch index. In our studies, 
in cows in group 1, it was within 119.6%, in group 2, it was 2.7% higher (differ-
ences are not significant, Table 5). The pelvic-thoracic and thoracic indices testify 
to the pronounced milk type of the evaluated animals. Thus, the chest index in 
cows from group 1 was 3.7% higher than in individuals in group 2 (differences are 
not significant). The overrun index (compactness, index of general development 
and, in particular, live weight) was higher in first-calf heifers from group 1. The 
difference (3.2%) tended to be significant (td = 1.75, P > 0.90). Heifers from 
group 2 were characterized by a higher overgrowth index. According to the bone 
index, the differences between the groups were insignificant, 14.0% in group 1 vs. 
13.9% in group 2. 
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5. Body indexes (%) in black-and-white Holstein replacement heifers of different 

origin (Molochnik LLC, Kursk Province, 2020) 

Index 
Group 1 (n = 15) Group 2 (n = 15) 

M±SEM Cv, % M±SEM Cv, % 

Leggy  46.30±0.19 4.5 45.20±0.88 6.7 

Lengthiness  119.60±0.24 6.6 122.30±2.97 8.6 

pelvic-thoracic  85.30±0.33 9.9 84.70±1.05 7.5 

Thoracic  62.90±0.31 5.4 59.20±0.96 7.1 

Downed  120.10±1.18 8.0 116.90±1.04 8.3 

Overgrowth  105.70±1.41 4.7 106.70±2.11 4.4 

Bonyness 14.00±0.07 5.3 13.90±0.06 6.2 

N o t e. Imported animals of European selection (Denmark) were group 1, heifers derived from mothers born at the 

farm and subjected to adaptation were group 2. 

 

Commercial dairy farming provides for the intensive exploitation of ani-

mals, as a result of which their body is constantly exposed to a wide variety of 

stressors. Stress negatively affects many physiological functions, the intensity of 

metabolic processes, which affects the health and productivity of cows. Metabolic 

disorders are one of the main factors hindering the realization of the genetic po-

tential of animals [30, 31]. 

The results of a biochemical analysis of the blood of first-calf heifers of 

both groups indicated a properly organized, complete and balanced feeding. At 

the 6th month of lactation, all the studied biochemical parameters of the blood of 

animals varied within the physiological norm. The concentration of total protein 

in the blood serum in group 1 averaged 83.11±5.62 g/l, in group 2 it was higher 

by 0.67 g/l (differences are not significant) (Table 6), which indicates the compli-

ance of protein nutrition with current standards. 
6. Biochemical parameters of blood serum in black-and-white Holstein replacement 

heifers of different origin (M±SEM, Molochnik LLC, Kursk Province, 2020) 
Parameter Group 1 (n = 5) Group 2 (n = 5) 

Total protein, g/l 83.11±5.62 83.78±6.04 

Albumins (A), g/l 27.80±1.73 27.17±1.82 

Globulins (G), g/l 54.02±3.94 55.75±5.02 

A/G 0.51±0.06 0.49±0.07 

Glucose, mmol/l 3.74±0.11 3.71±0.16 

Total cholesterol, mmol/l 3.63±0.28 3.76±0.22 

Alanine aminotransferase, IU/l 27.02±2.06 25.19±1.93 

Aspartate aminotransferase, IU/l 80.86±5.72 81.95±6.64 

Alkaline phosphatase, IU/l 128.02±8.47 127.16±8.18 

Ca, mmol/l 2.16±0.09 2.20±0.12 

Р, mmol/l 2.28±0.17 2.34±0.19 

Ca/R 0.95±0.13 0.94±0.16 

Mg, mmol/l 0.98±0.06 0.94±0.08 

N o t e. Imported animals of European selection (Denmark) were group 1, heifers derived from mothers born at the 

farm and subjected to adaptation were group 2. 

 

Aminotransferases belong to a group of enzymes indicative of the func-

tional state of the liver, an organ involved in all metabolic processes [32], including 

the balance of protein nutrition. We found out that in the examined animals the 

activity of AlAT, AsAT and alkaline phosphatase was within the physiological 

norm, the differences in the indices between the groups were insignificant. The 

same can be said about the content of calcium and phosphorus in the blood serum 

(2.16-2.20 mmol/l and 2.28-2.34 mmol/l, respectively) and the ratio of these ele-

ments characterizing the state of calcium-phosphorus metabolism (0, 95±0.13 and 

0.94±0.16). 

Blood is the connective tissue of the internal environment of the body, 

participating in all processes occurring in it, while changing both qualitatively and 

quantitatively. Morphological parameters of blood vary and take values that are 

optimal for the adaptation of an individual to changing environmental conditions 

[33]. We noted a slight increase in the number of leukocytes in the blood of cows 
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of European selection, which may be due to the protective and adaptive reactions 

of their body (Table 7), while the number of erythrocytes and the level of hemo-

globin were slightly lower (see Table 7). 

7. Hematological parameters in black-and-white Holstein replacement heifers of dif-
ferent origin (M±SEM, Molochnik LLC, Kursk Province, 2020) 

Parameter Group 1 (n = 5) Group 2 (n = 5) 
Leukocytes, ½109/l 8.37±1.99 8.19±1.43 

Erythrocytes, ½1012/l 7.33±0.88 7.54±1.05 

Hemoglobin, g/l 99.86±3.27 101.00±3.44 

Hematocrit, % 32.60±1.11* 26.60±1.16 

N o t e. Imported animals of European selection (Denmark) were group 1, heifers derived from mothers born at the 

farm and subjected to adaptation were group 2. 

* Differences between groups are statistically significant at P > 0.95. 

 

The number of red blood cells in the blood of cattle is determined by sex, 

age, productivity, feeding and housing conditions. The ratio of the volume of 

formed elements to the total volume of blood characterizes the hematocrit. The 

sizes of erythrocytes, as a rule, are inversely related to their number per unit vol-

ume of blood and the metabolic activity characteristic of the body [34, 35]. 

Our data on the acclimatization features and productive qualities of dairy 

cattle are consistent with the results of other researchers. Thus, it is reported about 

the successful adaptation of Holstein cattle of domestic and American selection in 

the conditions of the Kabardino-Balkarian Republic [36, 37]. It is important to 

assess the state of cattle of various selections in conditions of ecological trouble. 

Realization of the genetic potential of black-and-white Holstein first-calf heifers 

of Hungarian selection of different lines is shown (from 78.9 to 91.42%, an average 

305-day milk productivity of 6957 kg, a fat content of 3.75% and protein content 

of 3.06%) [38]. 

The study of blood parameters is an objective method for assessing the 

functional state of an animal's body in conditions of adaptation to technology and 

environmental factors [2, 39]. For example, it was noted that in Holstein animals 

brought to the Samara region from Holland, each new generation improved blood  

morphology and biochemical parameters, and elevated the level of cellular and 

humoral factors of natural resistance. As a result, adaptation to new natural-eco-

logical, fodder and technological conditions took place [40]. 
Large-scale studies of economically useful features of Holstein heifers im-

ported from the USA, Denmark, Germany and Australia to the Lower Volga re-
gion showed that animals of American and German origin had a higher level of 
natural resistance and adaptability to the natural and climatic conditions of the 
region. They also had higher productivity and improved reproductive function 
compared to their peers of Danish and Australian selection. A comparative study 
of economically useful traits of black-and-white heifers of the Leningrad and Dan-
ish selection in the conditions of the Rostov region showed that Danish heifers 
had a higher resistance to changing environmental conditions compared to their 
peers of the Leningrad selection. In the conditions of the Central Non-Black Earth 
Region, imported black-and-white Holstein animals realize their high genetic po-
tential of milk productivity, significantly exceeding domestic breeds in terms of 
milk yield [41-44]. 

So, in our studies, we compared animals of European selection (Denmark) 

(group 1) and those derived from mothers born at the farm and undergone adap-

tation (group 2), according to the age of the 1st calving, milk productivity, milk 

fat and protein yield, body measurements, exterior signs, biochemical parameters 

and blood morphology. Significant (P > 0.95) differences occurred only in milk 

yield normalized to standard fat content (by 134 kg in favor of animals born at 

the farm), in exterior, i.e., in the strength of the physique, milking characteristics, 
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the condition of the legs in favor of imported animals. Hematocrit was also higher 

in imported animals. Animals of group 1 and group 2 realized their genetic po-

tential for milk yield by 93.1 and 93.0%, for mass fraction of fat by 99.5 and 

100.7%, of protein by 100.0 and 99.3%. When comparing the type of physique 

according to five classification criteria, the scores for the groups were 83.0 and 

81.7 points. A slight increase in the number of leukocytes occurred in first-calf 

heifers of European selection. It can be assumed that in this group, the ongoing 

adaptation led to more intense metabolic processes. Thus, under conditions that 

meet the biological needs of animals, the acclimatization of cows of European 

selection is quite successful. 
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