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Abstract. Decrease in productive longevity of dairy cows in conditions of industrial dairy 
complexes causes another problem, which is connected with the timely replenishment of the 
herd with calves for replacement. Therefore, the cultivation of heifers has very great impact. 
Much attention is focused on early prediction of the future calves productivity for obtaining 
highly productive cows. At the same time, the growth rates and development in ontogenesis are 
studied very often, but blood values are rarely evaluated. In the literature available to us, there 
is little information about the relationship between calves' humoral and cellular immunity values 
with the future productivity of the cow. These indicators are traditionally used to characterize the 
immunobiological reactivity of an organism and the calves' health, and there is practically no 
information on their relationship to the productive longevity of a dairy cow. This is partly due to 
the difficulties associated with the duration of the research, since the cow must complete its 
productive life. A positive and reliable relationship is established between the immunobiological 
characteristics of calves' blood and their lifelong milk yield when they become a cow. The 
greatest correlation was noted between the milk productivity's indicators and bactericidal activity 
of blood serum (r = 0.63–0.69, P < 0.05). The relationship between cellular factors of body 
defense (phagocytic activity of neutrophils) and the immunoglobulins content of classes G and 
M with signs of milk productivity was less dense. It was, respectively, r = 0.31–0.41 and  
r = 0.58–0.63 (P < 0.05). This makes it possible to conclude that the studies conducted in this 
direction are promising, and assessing calves' immune status for predicting the yield of cow 
milk. The results obtained by us require further confirmation in a more significant number of animals. 
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INTRODUCTION 

 

Livestock production around the world is developing at an intensive pace. And even in the 

countries of Western Europe and North America, where small farms are traditionally 

common, there is an increase in the number of animals on farms and a simultaneous 

increase in their productivity (Lowder et al. 2016). Let alone Eastern Europe, which is 

characterized by large dairy complexes of industrial type  (Ilchuk and Konoval 2016). 

An increase in the number of farm animals is associated with the complexities of 

management and veterinary care, and the deterioration of their health (Barkema et al. 2015; 
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Murray et al. 2015; Wolf et al. 2016; Song et al. 2018). Obviously for this reason, as well as 

due to over-intensive exploitation, their morbidity and decrease in the productive longevity of 

dairy cows is occur (Curone et al. 2018; Benvenuti et al. 2018). 

This leads to the problem of timely replenishment of the herd by heifers, so growing 

heifers is an extremely important issue (Imani et al. 2017; Wilson et al. 2017). A great deal of 

attention is focused on early prediction of the future productivity of calves (McNeel et al. 

2017). At the same time, growth and development rates during ontogeny are very often 

examined, but blood values are evaluated rarely (Soberon et al. 2012; De Paula et al. 2017; 

Mirzaei et al. 2018). 

The calf's organism is closely related to the mother, whose influence both during and after 

the calving (by means of colostrums immunity) can influence the growth, health and productivity 

of the future cow (Windeyer et al. 2014; Pardon et al. 2015; Cummins et al. 2017). Initially, 

colostrums immunity and then the immunobiological status of the calf (humoral and cellular 

defense factors) largely affect the health of animals and the success of their growth (Nagy et 

al. 2014; Nagyová et al. 2016). Therefore, their research as predictors of productivity that will 

be obtained from animals in the future is of scientific and practical interest in the dairy industry. 

In the literature available to us, there is little information about the relationship between 

the indices of humoral and cellular immunity of calves with the future productivity of the cow. 

These indicators have traditionally been used to characterize the immunobiological reactivity 

of an organism and the health of calves (Sidel'nikova et al. 2015; Buczinski et al. 2017), and 

little information is available on their relationship to the dairy cow's productive longevity. 

Partly, this is due to the difficulties associated with the duration of research, as the cow must 

complete its productive life. And also many of the experimental animals drop out prematurely 

from the herd, therefore there is always a small number of experimental groups in such 

studies.The aim of the study was to evaluate the correlation between the immunobiological 

parameters of the blood of three-month-old calves which were intensively grown and their 

dairy productivity in a lifetime. We had a hypothesis that the stability of the calf's organism 

should influence the future productivity of the cow, including productive longevity. 

 

MATERIAL AND METHODS 

 

Research was conducted in the private enterprise "Agro-Soyuz" of the Dnipropetrovsk 

region in the conditions of a high-tech dairy complex equipped with the equipment of 

BouMatic (USA). The company is a model farm for the breeding of livestock Holstein. The 

model group of newborn calves was formed in an amount of 30 heads (the animals were 

selected according to the same live weight, sex and breed). Blood was taken at the age of 

one, three and six months. All the rules of bioethics dealing with animals were respected 

(Directive 2010/63/EC and Directive 98/58/EC). The calves were weighed at the age of 3, 6, 

9, 12, 15 and 18 months, and also before insemination. Cow's lifelong milk productivity was 

taken into account in the management system of dairy cattle breeding "Orsek" for indicators 

of milk yield, yield of fat and protein. Were considered only those cows which had completed 

at least two lactations. Laboratory studies were conducted in SRC for Biosafety and 

environmental control of agro-industrial complex Dnipropetrovs'k State Agrarian and Economic 
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University (Dnipro) and in the laboratory of clinical biochemistry and immunochemistry 

National Scientific Center “Institute of Experimental and Clinical Veterinary Medicine” 

(Kharkiv). The parameters of humoral and cellular defense of the body were determined by 

the methods described in the work (Chumachenko et al. 2005). Immunoglobulin’s contents of 

G and M class was measured by the method of radial immunodiffusion in the gel (Mancini 

1965). Biometric data processing (Plohinskij 1969) was carried out using MS Excel software 

using built-in statistical functions and Stat Soft STATISTICA© 10 (McDonald 2009). 

 

RESULTS AND DISCUSSION 

 

The given data shows (Table 1), that the growth of heifers of Ukrainian Holstein in 

postnatal ontogeny was satisfactory. It corresponded to the Holstein breed standard, which is 

adopted in Ukraine (Instruction for estimation of cattle of dairy and dairy-meat breeds, 2004). 

At the age of 9, 12, 15 and 18 months heifers weight exceeded the breed standard by 7.3 kg, 

46.1 kg, 74.0 and 94.4 kg. And this is all despite the fact that the heifers weight in 6 months 

was below the breed standard by 2.9% that we tend to associate with growing the heifers in 

conditions of intensive rearing. 

 
Table 1. Indicators of heifers growth of Ukrainian Holstein in ontogenesis, n = 12 

Index Units M m Cv 

Live weight at birth kg 041.1 0.77 6.2 

Live weight at 3 months kg 093.7 2.80 9.9 

Live weight at 6 months kg 170.0 5.26 7.6 

Live weight at 9 months kg 241.3 9.25 8.5 

Live weight at 12 months kg 334.1 9.17 7.3 

Live weight at 15 months kg 412.0 11.600 7.1 

Live weight at 18 months kg 479.4 10.500 6.2 

Age of insemination day 500.2 19.440 12.90 

Live weight at insemination kg 442.6 15.060 11.30 

M – the arithmetic mean, m – the error of the arithmetic mean, Cv – the coefficient of variability. 

 

Having good growth energy during puberty, the cows that were obtained from these 

heifers had a high enough milk lifetime yield, milk fat yield and protein. Milk yield had a high 

variability (Cv = 51%), since from a separate cow, were obtained from 16,293 to 82,121 kg of 

milk, which had respectively 2 and 7 complete lactations. In general, animals had a low 

duration of productive use (Table 2). 

 
Table 2. Indicators of cows milk productivity of Ukrainian Holstein, n = 12 

Index Units M m Cv 

Lactation period day 01555.0 0194.59 41.5 

Completed lactation amount 00003.4 0000.51 49.1 

Lifetime yield of milk kg 42947.1 6561.01 50.6 

Lifetime yield of milk fat kg 01254.6 0203.14 53.7 

Lifetime protein yield kg 01048.4 0160.87 50.9 

Explanations see Table 1. 
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We attributed this to their very intensive use in industrial milk production technology. This 

was confirmed in our previous works and in the reports of other researchers (McConnel et al. 

2015; Shahid et al. 2015). Therefore, it is important to find markers that characterize the 

state of health and are related to the future productivity of cows. Among them, there are 

blood and immunity values, according to researchers (Nagy et al. 2014; Nagyová et al. 2016). 

Therefore, as such markers, we chose indicators of resistance of the body and immunoglobulins 

content in the calf serum (Table 3). 

 
Table 3. Values of body resistance and the immunoglobulins content of classes G and M in the heifers 
blood at the age of three months, n = 12 

Index Units M m Cv 

Lysozyme activity of blood serum % 31.0 1.78 19.0 

Bactericidal activity of blood serum % 64.8 2.23 11.4 

Phagocytic activity of neutrophils % 26.6 3.10 38.7 

Immunoglobulins G g · l–1 12.9 0.33 08.6 

Immunoglobulins M g · l–1 02.5 0.09 09.6 

Explanations see Table 1. 

 

This age period was chosen because the calves immunological status was fully formed 

(Batista et al. 2015). And also this is a rather convenient age for early prediction of future 

dairy productivity and making the appropriate management decisions for calves. In addition, 

the density of positive correlation between the signs listed below (Table 4–5), in other age 

periods was lower. 

 
Table 4. Correlation between the state of body resistance of heifers at the age of three months and 
milk productivity 

Trait 

Lysozyme activity of 
blood serum 

Bactericidal activity of 
blood serum 

Phagocytic activity of 
neutrophils 

r R2 [%] r R2 [%] r R2 [%] 

Lactation period 0.584* 34.1 0.667* 44.5 0.177 3.4 

Completed lactation 0.636* 40.4 0.691* 47.8 0.375 14.0 

Lifetime yield of milk 0.573 32.9 0.628* 39.5 0.314 9.8 

Lifetime yield of milk fat 0.590* 34.7 0.626* 39.2 0.406 16.5 

Lifetime protein yield 0.566 32.0 0.614 37.7 0.406 16.4 

r – the correlation coefficient; R2 – the coefficient of determination *Р<0.05. 

 
Table 5. Correlation between the immunoglobulins content at the age of three months and milk 
productivity 

Trait 
Immunoglobulins G Immunoglobulins M 

r R2 [%] r R2 [%] 

Lactation period 0.460* 21.2 0.507* 25.6 

Completed lactation 0.615* 37.8 0.657* 43.1 

Lifetime yield of milk 0.558* 31.1 0.587* 34.4 

Lifetime yield of milk fat 0.585* 34.2 0.626* 39.1 

Lifetime protein yield 0.580* 33.6 0.618* 38.2 

Explanations see Table 4. 
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The data given in the Tables (4–5) indicates a reliable positive relationship between the 

signs of dairy productivity of Ukrainian Holstein (lifetime milk yield, milk fat yield and protein) 

and their immunobiological status at the age of 3 months. At the same time, the highest 

correlation was established between the indicators of milk productivity and bactericidal 

activity of blood serum (r = 0.63–0.69, P < 0.05). 

The relationship between cellular factors of body defense (neutrophils phagocytic activity) 

and the immunoglobulins content of classes G and M was less dense. It was, respectively,  

r = 0.31–0.41 and r = 0.58–0.63 (P < 0.05). It is noteworthy that the indicators of productive 

longevity of Ukrainian Holstein cows were due to the immunobiological status of the calves' 

organism by 21–47%, proceeding from the immunity's humoral factors. 

 

CONCLUSIONS 

 

The results of the conducted studies indicate the existence of a positive correlation 

between the values of nonspecific resistance of the calves' organism and their dairy 

productivity in the future. A reliable high positive relationship was found between the 

bactericidal activity of blood serum in heifers at the age of three months and lifelong milk 

yield, the yield of milk fat and protein. Correlation between these parameters and lysozyme 

activity of blood serum, the content of immunoglobulins of classes G and M was less dense. 

At the same time, quite low and unreliable positive relationship was traced between indicators 

of lifelong productivity and phagocytic activity of blood neutrophils. Thus, the expediency of 

using immunobiological indicators of calves' blood is shown with the aim of predicting the 

dairy productivity of cows in the future. However, these results should be considered only as 

preliminary data, which need to be confirmed on larger number of animals. 
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