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ABSTRACT
The purpose of the research was to study parameters of immune status and milk yields in those cows that received a bacterial supplement containing live bacteria 
Bacillus subtilis strains B-239906 and B-249909 and their metabolites during a transition period. Animals in the experimental groups (10 animals in each) received 
the microbial supplement according to the following schemes: 14 days before calving (group 1), 14 days after calving (group 2), 14 days before and 14 after calving 
(group 3). Group 4 (n = 10) was a control one. On day 14 and day 28 after calving, the relative level of T-lymphocytes in blood of control cows and experimental 
group 2 did not significantly change compared with the level observed on day 1 after calving. While in groups 1 and 3, this indicator increased by 1.2–1.6 times 
throughout the whole experiment. In all cow groups, B-lymphocyte dynamics during the observation period was similar, i.e. an increase by day 14 and a decrease 
by day 28. The phagocytic activity of neutrophils in animals of all groups changed slightly. At the same time, the phagocytic index increased by 2.5–3.2 times 
throughout the experiment, which indicated an increase in nonspecific resistance of the body. Peak milk yields were recorded in cows of all experimental groups 
on day 90 of lactation. The maximum level (32.17 ± 3.33 kg) was observed in group 3. Within 150 days of observations, the average daily milk yields in animals 
of the experimental groups were: 24.50 ± 4.15 kg in group 1; 25.07 ± 4.38 kg in group 2; 25.33 ± 2.52 kg in group 3 and 22.75 ± 8.82 kg in the control group. 
The mass fraction of milk fat in all groups had no statistically significant differences throughout the entire observation period.
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РЕЗЮМЕ
Целью исследований явилось изучение показателей иммунного статуса и продуктивности у коров при применении композиции, содержащей живые 
бактерии Bacillus subtilis штаммов B-239906 и B-249909 и их метаболиты, в транзитный период. Животным опытных групп (по 10 гол. в каждой) компо-
зицию применяли: в течение 14 дней до отела (1-я группа), 14 дней после отела (2-я группа), 14 дней до и 14 после отела (3-я группа). Четвертая группа 
(n = 10) была контрольной. У коров контрольной и 2-й опытной групп на 14-й и 28-й дни после отела относительное содержание Т-лимфоцитов в крови 
по сравнению с уровнем в первые сутки после отела достоверно не изменялось, в то время как у особей 1-й и 3-й групп данный показатель возрастал 
на протяжении всего опыта в 1,2–1,6 раза. Во всех группах коров динамика относительного числа В-лимфоцитов за период наблюдений была анало-
гичной: увеличение к 14-му дню и сокращение к 28-му дню. Фагоцитарная активность нейтрофилов у животных всех групп изменялась незначительно. 
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MATERIALS AND METHODS 
The experiment was carried out with the support from 

the Department of Ecology and Non-Contagious animal 
pathogens of the Ural Scientific Research Veterinary Insti-
tute, a structural subdivision of the Ural Branch of the Rus-
sian Academy of Sciences. The work was done within the 
framework of the Basic Science Programme of the State 
Academies of Sciences in the field 4.2.1.5 “Development 
of technologies for lifetime quality management of live-
stock raw materials to obtain high-quality and safe food 
products”.

The study was conducted in Holstein cows (n = 40), at 
the age of 2–3 lactations, kept in one of the livestock hold-
ings of the Sverdlovsk Oblast.

Four groups, each consisting of 10 animals, were selec-
ted for the experiment according to the principle of equi-
valents. When forming the  groups, their physiological 
status, weight, age, nutrition level and milk yields from 
the previous lactation were taken into account.

The cows were kept in one typical cattle house, in a tie 
stall, and received a balanced feed. In addition to the ba-
sic diet, the experimental animals were administered 5 g 
of a new, domestically produced supplement, containing 
live bacteria B.  subtilis strains B-239906 and B-249909 
(at a concentration of 103 CFU/g of each species) and their 
metabolites. They received the supplement at different 
times: 14 days before calving (group 1), 14 days after calv-
ing (group 2), 14 days before and 14 days after calving 
(group 3); group 4 was a control one.

Clinical status and behavioural responses of the ani-
mals were daily examined. Starting from day  15 after 
calving, milk quality was assessed using CombiFoss FT+ 
(FOSS, Denmark) instrument. Milk yields were measured 
for 150 days.

Hematological tests were done three times: on day 1, 
14 and 28 after calving with blood sampling taken from 
the tail vein.

Blood morphological composition was analyzed 
in Abacus Junior Vet analyser (Diatron, Austria) using 

INTRODUCTION
In recent years, the milk yield in Russian livestock hold-

ings has exceeded the level of 8,000 kg of milk per year [1].
These achievements undoubtedly result from good 

breeding practice, appropriate conditions for realizing 
genetic potential of  highly productive animals and in-
troduction of physiologically and economically justified 
feeding schemes and control of zoohygienic parameters 
in animal housing [2, 3]. The progress became possible 
because recent observations into digestion processes 
(at the molecular, cellular and body levels) and biological 
protein synthesis had been put into practice. In addition, 
great attention was paid to the principles of adequate nu-
trition, which take into account health status of cows and 
their milk yields [4, 5].

When milk yield increases, vital functions often  weaken: 
the  immunity decreases and productive lifespan is  re-
duced to 2–3  lactations. The animals are most likely re-
moved from the herd due to metabolic disorders resulting 
from unbalanced diet in the pre-calving and post-calving 
periods [6, 7].

Products of microbiological synthesis, their develop-
ment and use, are considered as a solution to the existing 
problems in the livestock sector of the Russian Federation. 
They have proved to be effective in preventing diseases, re-
ducing animal culling and improving digestibility of feed 
components. Their indirect effect is associated with an in-
crease in milk yields, improved product quality, thus, en-
abling to provide people with safe food [8, 9, 10].

Live Bacillus subtilis bacteria and their metabolites that 
stimulate the growth of indigenous intestinal microbiota 
tend to be a promising component in new supplements. 
During their production, it is required to ensure proper 
conditions to maintain long-term stability during storage 
of the finished products [11, 12, 13, 14, 15, 16].

The objective of the research was to study the effect of 
a microbial supplement containing live bacteria B. subtilis 
and their metabolites during the transition period on im-
munity status and milk yields in cows.

Фагоцитарный индекс при этом возрастал в 2,5–3,2 раза на протяжении всего эксперимента, что свидетельствовало о повышении неспецифической 
резистентности организма. Пик молочной продуктивности регистрировали у коров всех опытных групп на 90-й день лактации. Максимальные значения 
(32,17 ± 3,33 кг) отмечали в 3-й группе. За 150 дней наблюдений среднесуточные удои у животных опытных групп составили: 24,50 ± 4,15 кг в 1-й; 
25,07 ± 4,38 кг в 2-й; 25,33 ± 2,52 кг в 3-й и 22,75 ± 8,82 кг в контрольной. Уровень массовой доли жира в молоке у коров всех групп не имел статистически 
значимых различий на протяжении всего периода наблюдений.

Ключевые слова: живые бактерии Bacillus subtilis и их метаболиты, коровы, клеточный иммунитет, гуморальный иммунитет, молочная продуктив-
ность, молочный жир

Благодарности: Работа выполнена при финансовой поддержке Минобрнауки России в рамках Программы фундаментальных научных исследований 
государственных академий наук по направлению 4.2.1.5 «Разработка технологий прижизненного управления качеством животноводческого сырья для 
получения высококачественных и безопасных продуктов питания».

Для цитирования: Опарина О. Ю., Красноперов А. С., Малков С. В., Белоусов А. И., Черницкий А. Е., Вершинина И. Ю. Применение композиции, со-
держащей живые бактерии Bacillus subtilis и их метаболиты, в молочном животноводстве. Ветеринария сегодня. 2024; 13 (4): 366–372. https://doi.
org/10.29326/2304-196X-2024-13-4-366-372

Конфликт интересов: Авторы заявляют об отсутствии конфликта интересов.

Для корреспонденции: Опарина Ольга Юрьевна, канд. вет. наук, старший научный сотрудник ФГБНУ  УрФАНИЦ УрО  РАН, ул.  Белинского,  112а, 
г.  Екатеринбург, 620142, Россия, olia91oparina@yandex.ru

ORIGINAL ARTICLES | VETERINARY MICROBIOLOGY ОРИГИНАЛЬНЫЕ СТАТЬИ | ВЕТЕРИНАРНАЯ МИКРОБИОЛОГИЯ



368 VETERINARY SCIENCE TODAY. 2024; 13 (4): 366–372 | ВЕТЕРИНАРИЯ СЕГОДНЯ. 2024; 13 (4): 366–372

the method P. N. Smirnov et al. (2007)1. The reactions were 
observed in  an  Olympus  BX  43 binocular microscope  
(Olympus, Japan).

The animals were manipulated in compliance with the 
norms and ethical principles of the European Convention 
ETS No. 123.

Experimental data were processed in Excel (Microsoft, 
USA) and Statistica 10.0 (StatSoft Inc., USA) programmes, 
arithmetic means and standard deviations were deter-
mined. Reliability of differences was calculated using Stu-
dent’s t-test (p ≤ 0.05).

RESULTS AND DISCUSSION
The analyzed blood parameters in  experimental 

and  control groups were within the  reference range 
( Table 1). Hemoglobin, red blood cell volume, leukocyte, 
lymphocyte and platelet counts on days 14 and 28 post 
calving insignificantly varied and did not exceed the nor-
mal range. Changes in hematological parameters sugges-
ted normalization of haemopoiesis and restoration of im-
munobiological reactivity during the experiment, which 
did not contradict the works of other researchers [17].

Dynamics of neutrophils functional activity in cows 
during the experiment are given in Table 2.

It was found that on day 14 after calving, phagocytic ac-
tivity and phagocytic index in all groups increased slight-
ly, if compared to day 1, thus suggesting an increase in 
the absorption capacity of neutrophils. By day 28, phago-
cytic activity returned to the level reported during the first 
test, while the phagocytic index continued to increase. 

1 Panel of the most informative tests for assessment of animal resistance: 
methodological recommendations. Compiled by. P. N. Smirnov et al. 
Novosibirsk; 2007. 37 p. https://elibrary.ru/qkpwdx (in Russ.)

 standard reagents (Diatron, Austria). Leukocytic for-
mula was calculated in blood smears stained by the 
Romanovsky  – Giemsa method (300  cells per smear) 
using an Olympus BX 43 microscope (Olympus, Japan). 
Immunological blood tests included assessment of   
T- and B-lymphocytes levels, T/B index, phagocytic index, 
phagocytic activity of neutrophils and monocytes using 
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Table 1
Hematological parameters in cows

Parameters Red blood cells,
1012/L

Hemoglobin,
g/L

Thrombocytes, 
109/L

White blood cells,
109/L

Lymphocytes,
109/L

Standard* 5.0–10 90–120 100–800 4.5–12 2.5–7.5

Control

Day 1 6.41 ± 0.50 100.80 ± 4.44 259.60 ± 179.33 8.44 ± 1.66 4.89 ± 1.22

Day 14 6.75 ± 0.69 107.33 ± 3.51 284.00 ± 67.95 7.24 ± 0.76 4.26 ± 1.41

Day 28 6.30 ± 0.68 99.50 ± 7.05 265.60 ± 115.70 7.54 ± 2.03 3.94 ± 1.37

Experimental 
group 1

Day 1 7.05 ± 0.40 111.00 ± 6.16 327.20 ± 121.91 11.44 ± 3.14 6.13 ± 1.92

Day 14 6.87 ± 0.56 106.50 ± 8.89 426.00 ± 199.26* 9.04 ± 3.10 5.17 ± 0.97

Day 28 6.05 ± 0.76 90.50 ± 6.36* 348.30 ± 110.90 7.05 ± 2.06* 3.65 ± 0.99*

Experimental 
group 2

Day 1 7.49 ± 0.10 113.43 ± 7.28 207.71 ± 86.71 10.41 ± 2.44 5.52 ± 1.32

Day 14 7.12 ± 0.91 106.75 ± 9.78 405.25 ± 140.29* 9.86 ± 5.06 4.84 ± 0.83

Day 28 6.74 ± 0.86 98.33 ± 10.02 310.70 ± 102.50 8.68 ± 0.70 4.37 ± 0.53

Experimental 
group 3

Day 1 6.67 ± 0.52 100.40 ± 10.64 301.40 ± 81.12 9.99 ± 2.15 5.26 ± 1.36

Day 14 6.94 ± 0.60 102.00 ± 5.79 349.60 ± 85.12 7.59 ± 1.23 4.71 ± 1.27

Day 28 6.20 ± 0.50 97.50 ± 2.38 305.60 ± 80.12 8.32 ± 0.55 4.17 ± 0.41

* differences are statistically significant at p < 0.05.

Table 2
Functional activity of neutrophils in cows

Group 
of animals Parameters

Time after calving

Day 1 Day 14 Day 28

Control
PhA, % 37.60 ± 8.41 39.20 ± 8.41 36.00 ± 4.55

PhI, c. u. 1.84 ± 0.19 2.31 ± 0.19 5.85 ± 0.17**

Experimental 
group 1

PhA, % 48.00 ± 8.37 52.60 ± 8.41 32.50 ± 0.71*

PhI, c. u. 1.96 ± 0.22 4.38 ± 0.19* 6.25 ± 0.07**

Experimental 
group 2

PhA, % 42.29 ± 6.55 47.00 ± 8.41 34.00 ± 1.00

PhI, c. u. 2.07 ± 0.37 2.62 ± 0.19 5.83 ± 0.64**

Experimental 
group 3

PhA, % 37.80 ± 9.76 42.80 ± 8.41 33.25 ± 7.45

PhI, c. u. 2.36 ± 0.85 3.29 ± 0.19 5.92 ± 0.05**

PhA – phagocytic activity; 
PhI – phagocytic index;
* differences are statistically significant at p ≤ 0.05; 
** differences are statistically significant at p ≤ 0.01.
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processes, as was confirmed by a  number of  other re-
searchers [4, 18].

Positive effect of the tested supplement was reported 
when assessing the milk yield. Data on average milk yield 
per month and milk fat mass fraction are given in Figures 1 
and 2.

Analyzing the milk yield, we found a positive variation 
in the average daily milk yields in animals that were given 
the supplement containing live B. subtilis bacteria and their 
metabolites as compared to cows from the control group. 
The results obtained suggested the animals were able 
to recover better after calving and were able to withstand 
long physical stress due to continuous milk secretion. 
Thus, by the end of the 3rd month of lactation, peak milk 
yields were registered in cows of all experimental groups 
compared to the first month: month 1 – 28.70 ± 5.92 kg, 
month 2 – 28.94 ± 6.84 kg, month 3 – 32.17 ± 3.33 kg. 
The opposite situation was observed in control animals – 
a decrease to the level of 27.90 ± 7.25 kg.

In the following months, a regular decrease in average 
daily milk yields was observed in cows of all groups, but 
within different ranges. For five months of observations, 
we obtained the following average daily milk yields: Expe-
rimental group 1 – 24.50 ± 4.15 kg, Experimental group 2 – 
25.07 ± 4.38 kg, Experimental group 3 – 25.33 ± 2.52 kg, 
control group – 22.75 ± 8.82 kg.

An important criterion for assessing milk quality is the 
mass fraction of milk fat (Fig. 2).

The mass fraction of  milk fat in all  experimental 
groups increased by the end of the 2nd month of obser-
vation and was: month 1 – 3.63 ± 0.28 g/100 g, month 2 – 
3.62 ± 0.31 g/100 g, month 3 – 3.77 ± 0.35 g/100 g (more 
by 7.1; 4.9 and 4.4%, respectively). These parameters in the 
control group had no significant differences.

Thus, the parameter in cows increased by 2.5–3.2 times 
(p ≤ 0.01), if compared to day 1. The obtained data can 
be regarded as positive and suggesting an increased body 
resistance to negative factors and a reduced risk of inflam-
matory processes [10].

The absolute number of lymphocytes in all groups de-
creased in different ways during the post-calving period 
(Table 3). The most significant decrease was observed on 
day 28, i. e. by 40.5% (p ≤ 0.01) in group 1, if compared 
to day 1 after calving. In other groups, this parameter de-
creased by 19.4–20.8%, but did not exceed the reference 
range. Probably, these changes are associated with meta-
bolic disorders and lack of energy after calving [4].

The relative content of T-lymphocytes in all groups 
on day 1 after calving ranged between 28.00 ± 4.64 and 
36.20 ± 8.17%. On day 14 of observation, a 1.2-fold de-
crease was registered in the control group, and by day 28 
it returned to the level of day 1. In animals of experimental 
groups 1 and 3, dynamical changes in the relative con-
tent of T-lymphocytes was opposite. Thus, throughout 
the whole observation period, this parameter increased by 
1.2 (p ≤ 0.05) and 1.6 (p ≤ 0.01) times, respectively, which 
suggested the stimulation of cellular immunity.

The number of B-lymphocytes in experimental and con-
trol groups at the initial stage of the experiment (on day 1 
after calving) ranged between 18.8 to 24.8%. During this 
period, a  repeated pattern was revealed in all groups: 
an increase in B-lymphocyte synthesis by day 14 and a de-
crease by day 28.

Based on the above, we can assume that the dynamical 
changes in T- and B-lymphocytes levels in the post-calving 
period resulted from the indirect effect of the tested sup-
plement and had a compensatory and restorative mecha-
nism based on the regulation of intensity of bio synthetic 
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Table 3
Indicators of cellular and humoral immunity in cows

Group of animals Time after calving Absolute number of 
lymphocytes, 109/L

T-lymphocytes B-lymphocytes

109/L % 109/L %

Control

Day 1 4.89 ± 1.22 1.42 ± 0.41 36.20 ± 8.17 0.96 ± 0.42 24.80 ± 8.67

Day 14 4.26 ± 1.41 0.65 ± 0.08* 29.20 ± 3.32 0.68 ± 0.11 30.40 ± 5.48

Day 28 3.94 ± 1.37 1.60 ± 0.39 32.50 ± 6.61 1.21 ± 0.42 25.25 ± 10.21

Experimental 
group 1

Day 1 6.13 ± 1.92 1.62 ± 0.41 28.40 ± 8.02 1.08 ± 0.27 18.80 ± 2.68

Day 14 5.17 ± 0.97 1.60 ± 0.24 30.52 ± 2.62 1.36 ± 0.17 26.00 ± 7.01

Day 28 3.65 ± 0.99** 1.56 ± 0.69 35.00 ± 2.83* 1.09 ± 0.18 20.34 ± 5.66

Experimental 
group 2

Day 1 5.52 ± 1.32 2.03 ± 0.73 33.43 ± 6.73 1.31 ± 0.34 24.57 ± 8.56

Day 14 4.84 ± 0.83 1.56 ± 0.26 32.20 ± 2.82 1.27 ± 0.11 26.24 ± 6.31

Day 28 4.37 ± 0.53 1.64 ± 1.11 32.00 ± 18.52 0.79 ± 0.31 20.21 ± 4.51

Experimental 
group 3

Day 1 5.26 ± 1.36 1.26 ± 0.17 28.00 ± 4.64 0.88 ± 0.29 19.00 ± 5.92

Day 14 4.71 ± 1.27 1.78 ± 0.42 37.82 ± 2.44* 1.20 ± 0.19 25.50 ± 5.23

Day 28 4.17 ± 0.41 2.11 ± 1.10* 44.50 ± 15.86** 0.88 ± 0.27 18.75 ± 2.50

* differences are statistically significant at p ≤ 0.05; 
** differences are statistically significant at p ≤ 0.01.
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Higher average daily milk yields were reported in 
cows of Experimental groups 1, 2 and 3, i. e. 24.50 ± 4.15; 
25.07 ± 4.38 and 25.33 ± 2.52 kg of milk, respectively, com-
pared to control group (22.75 ± 8.82 kg).
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