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Summary

Unbalanced nutrition as well as diseases of infectious and non-infectious etiology lead to a decrease in
production and a significant loss of farm animals and birds. To mitigate these problems, various probiotic
drugs (probiotics) are introduced into the diets of birds and animals for preventive purposes. The aim of the
research was to study the effect of the Vitafort probiotic, containing antagonistic bacteria of the endophytic
strain Bacillus subtilis B11, on the body of broiler chickens. The effect of Vitafort was assessed by measuring
the live weight and average daily growth of birds. In addition, a morphological study of blood was carried out
and the content of Bacillus subtilis in the small intestine was determined. It was found that the endophytic strain
Bacillus subtilis B11 improved the intestinal microflora. Thus, on day 5 of its use, the number of microorganisms
varied from 4.1 x 10* to 8.2 x 10* CFU/g, and on day 42 the same number varied from 4 x 108 to 5.8 x 108 CFU/g
on day 42, the contents of red blood cells, haemoglobin, and white blood cells in the blood of chickens from the
experimental group were higher by 6.44%, 3.44%, and 2.11%, respectively, than they were in the control group.
Considering the above facts, it can be assumed that the absorption of nutrients in the intestine improved, and

metabolic processes were activated due to an increase in the transport abilities of red blood cells.
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One of the priority tasks of animal husbandry is to
provide the population of the Russian Federation with
products of animal origin. In terms of weight, poultry
meat is among the most important types of meat pro-
duced in the Russian Federation (7). According to FAS
USDA, in 2021, the Russian Federation will produce
4,725 million tons of broiler meat. In order to provide
the population with poultry meat, adjustments are
made to animal breeding and the conditions of animal
maintenance and feeding (40). But the acceleration of
the maturation and growth of birds (32, 33) is accom-
panied by various diseases, such as heart hypertrophy,
dyschondroplasia of the tibial ankle joint (running)
bone, and ascites. All this results in a significant loss
of birds (2, 6, 14, 34). Moreover, the quality of the
resulting meat products is also reduced, since the fat
content of bird carcasses increases (15).

One of the most important factors in raising animals
and poultry is a well-designed feeding diet suited to
the characteristics of the given species (16). A well-
designed diet makes it possible to maximize animals’

inherent qualities and adapt the body to different envi-
ronmental conditions (30). Feed additives and various
Bacillus subtilis are introduced into the diet to enrich
it with minerals and vitamins and increase the feed
palatability (38). Therefore, the probiotic Vitafort (12),
probiotic Prolam (8), probiotic lactobacilli (22, 25),
preparations of the Vetom series (35), bee products
(36), biologics (16), nano-and microparticles of copper
(24), and feed made from sturgeon (4) are introduced
into the diet of animals and birds to increase the digest-
ibility and use of the nutrients of mixed feed.
Probiotics include non-pathogenic microorganisms
that affect the body’s microflora and suppress patho-
genic microorganisms (1, 3, 10, 13, 41). Anaerobic
spore-forming rod-shaped bacteria of the genus
Bacillus produce about 200 antibiotics, about 70 of
which are B. subtilis. Preparations based on B. subtilis
increase the digestibility of feed. They have a beneficial
effect on the microflora of the gastrointestinal tract (26,
29) and the histological structure of the wall of various
parts of the intestine (9). They also prevent dysbiosis,
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stimulate the immune response of the body (17, 19,
21, 39) and its adaptive properties. As a result, dis-
eases of the gastrointestinal tract are either completely
prevented or have a milder and shorter course (8, 25).
In some cases, antibiotics are not necessary (28).
Probiotics have a more pronounced effect on young
animals, which are germ-free. In their case, microbial
colonization of the gastrointestinal tract by microflora,
including pathogenic organisms, occurs faster (18-20).

Probiotics normalize the intestinal microflora and
have additional positive metabolic and immunological
effects. In addition, they possess anti-inflammatory
properties and stimulate local immunoprotection (27).

In connection with the above, this study aimed to
investigate the effect of the local probiotic Vitafort,
produced from antagonistic bacteria of the endophytic
strain Bacillus subtilis B11, on the body of broiler
chickens.

Material and methods

The study site. The research was carried out at a poultry
farm owned by the open joint-stock company Turbaslinsky
Broiler, located in the Blagovarsky district of the Republic
of Bashkortostan, which is a subject of the Russian Fed-
eration. The study was carried out during March and April
2018. Blood analysis and inoculation of intestinal contents
were carried out in the Department of Morphology, Pathol-
ogy, Pharmacy, and Non-infectious Diseases of the Bashkir
State Agrarian University.

Research objects. The objects of the study were broiler
chickens of the ,,Ross 308” cross. One hundred chickens
aged 5 days were selected for the experiment according to
the analogue pair principle, considering their appearance
and body weight. The average weight of the birds was
118.5+ 1.5 g. They were divided into 2 groups. Chickens in
group 1 (control group) were fed the main diet. In group 2
(experimental group), chickens received Vitafort probiotic,
including B. subtillis 11B with water (1 x 108 CFU/ml).
Vitafort used for the experiment is manufactured by the
research and development enterprise Biofort (Ufa, Russia).
For the first five days (from day 5 to day 10), the chickens
received Vitafort at a dose of 1 ml per 50 heads (or 0.02 ml/
head) according to the manufacturer’s recommendations.
Then, the administration of the probiotic was discontinued
until the birds were 28 days old. From the 28" to the 32
day of life, the birds received Vitafort again according to
the same scheme. The experiment lasted 6 weeks (42 days).

The birds of both groups were kept on a deep litter,
according to the breeding technology. Birds from the
experimental and control groups were kept in separate
rooms in special areas. Birds from both groups were fed
the same diet recommended for the Ross 308 cross by All-
Russia Research and Engineering Poultry Institute. Raising
1 broiler chicken up to the age of 42 days requires 4.7 kg
of feed.

Research methods. The following indicators were
recorded: the poultry survival rate, live weight, average
daily growth, blood morphological parameters, the number
of Bacillus subtilis in the contents of the small intestine.
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The live weight of broiler chickens of the experimen-
tal and control groups was determined by weighing each
chicken every 7 days, starting from day 7 and ending on day
42. Electronic scales BE15TE, manufactured by Mass-K,
St. Petersburg, Russia, were used for weighing; the mea-
surement error is £ 0.2 g.

Blood from 5 birds of each group was taken from the
underwing vein for morphological analyses at the beginning
and end of the experiment. An automatic blood analyzer
Abacus junior Vet 5 was used to make the analysis.

The concentration of Bacillus subtilis was determined in
the chickens 5 days after the beginning of the experiment.
For this purpose, the contents of the small intestine were
taken from 5 experimental chickens. The resulting mate-
rial was diluted with saline solution at a concentration of
1 : 10. Then, material inoculation was performed for the
quantitative determination of the Bacillus subtilis content.
Incubation was carried out for 48 hours at a temperature
of 33 + 2°C, after which Bacillus subtilis colonies were
recorded.

Statistical processing. The Student’s criterion (t-test)
was used to determine the statistical reliability. Due to the
relatively small number of groups and a slight deviation of
the variables from normal distributions, a nonparametric
Kruskal-Wallis analysis of variance was performed using
the licensed software package Statistica 10 (Tibco Software
Inc., California, USA). The significance level was p <0.05.

Ethical statement. The authors declare that this paper
was written with due consideration of ethical standards. The
study was conducted in accordance with ethical principles
approved by the Ethics Committee of Federal State Budget-
ary Educational Establishment of Higher Education “Bash-
kir State Agrarian University” (Protocol Ne 6 of 13.06.2020).

Results and discussion

Birds’ growth and development throughout their
lives depend on adequate nutrition, proper mainte-
nance, and breeding technology. In the present study,
a positive trend was noted in the live weight of chick-
ens at all stages (Tab. 1). As shown in Tab. 1, the live
weight of broiler chickens in the experimental group
was significantly greater than it was in the control
group in all age periods. The minimum difference was
observed on day 28, and it amounted to 1.44%. The
maximum difference, amounting to 4.21%, was found
on day 42. On day 42, the feed conversion ratios in
the control group and experimental groups were 1.88
and 1.8, respectively.

Tab. 1. Dynamics of broiler chickens’ body weight (g)

Live weight
Age of chickens

Control Experimental
7 days 168 + 3.3 175+2.9
14 days 43571 445 £ 6.1
21 days 842 £12 862 +10.3
28 days 1360 = 19 1380 + 17
35 days 1940 + 26 2001 + 25
42 days 2500 + 26 2610 + 27
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Thus, it can be assumed that the use of the probiotic
Vitafort has a stimulating effect on the body of broiler
chickens from the first days of life. This is probably
due to the normalization of the microflora of the gas-
trointestinal tract, which directly affects the weight
and livability of birds.

Diet adequacy is directly related to the average daily
increase, and any diet imbalance immediately reflects
on this indicator.

The average daily weight gain is shown in Tab. 2.
As can be seen, the birds of the experimental group

Tab. 2. Average daily gain (g)

Average daily gain
Age of chickens

Control Experimental
0-7 days 38.140.3* 38.5+0.9
8-14 days 58.1+0.1 59.57 £ 0.7
15-21 days 74+1.2 7413
22-28 days 82.85+0.8 88.71:0.7
29-35 days 80:0.6 87+0.5
36-42 days 82.1+0.6 86.6+0.7
0-21 days 39.8+0.6 42.2+0.7
22-42 days 78.73 £ 0.5* 83.46 + 0.65
Whole period 56.5 + 0.45 59.86 + 0.7

Explanation: * p < 0.05.

Tab. 3. Some morphological parameters of chicken blood on
day 42

Indicators Control group Experimental group
Red blood cells, 10'%1 3.09+0.1 3.31+£0.3*
White blood cells, 10%/1 33.120.5 33.8 £ 0.66
Haemoglobin, g/l 90.1x21 93.31+2.3

Explanation: as in Tab. 2.

Tab. 4. Contents of the small intestine of chickens of the experimental group on day

of the experiment
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had a higher average daily weight gain compared to the
control group throughout the entire study period. The
maximum average daily weight gain was recorded on
day 35 of breeding. In the control group, it was 82.85 g,
and in the experimental group, 88.71 g, which was
6.06% higher than in the control group. The livability
of the birds of both groups was recorded throughout
the entire course of the study. In the control group, it
was 92%, and in the experimental group, 95%. The
highest mortality rate in both groups was recorded
from day 7 to day 14.

Morphological blood parameters of broiler chick-
ens of the experimental and control groups on day 5
after birth were within the physiological norm. No
significant differences between them were recorded.
According to Table 3, the concentration of red blood
cells in the chickens of the experimental group on day
42 was 6.64% higher (p < 0.05) than that in the control
group. The amount of haemoglobin in the experimental
group was 3.44% higher than that in the control group.
Thus, the Vitafort probiotic may affect the physiologi-
cal status of the bird’s body. An increase in red blood
cells and haemoglobin contributes to the improvement
of metabolic processes because of an increase in the
transport abilities of red blood cells. The table data
show a slight increase (2.11%) in the level of white
blood cells in the broiler chickens of the experimental
group due to an increase in nonspecific resistance.

To determine the content of Bacillus subtilis and
undesirable microflora in the gastrointestinal tract of
the birds of the experimental group, bacterial inocula-
tion of the small intestine was carried out (Tab. 4, 5).

When analyzing Tab. 4, it was noted that colonies
obtained from the contents of the small intestine of
chickens of the experimental group were colorless,
slightly convex, mostly oval or rounded, with a diam-
5 eter of 2.2-4 mm. In 7-day-old

chickens, the number of Bacillus

— subtilis varied from 4.1 x 10* to
No . . Sample dilution 4
samples Microorganisms e i . e CFU/g 8.2 x 10

The results of inoculation of

1 B. subtilis continuous continuous 35,47, 40 6,55 7.8x10% the contents of the small intestine

2 B. subtilis continuous | continuous 28, 29, 31 3,2,4 4.1x10* of chickens at the age of 42 days

3 B. subtilis continuous | continuous 31,29, 29 54,4 4.4x10 (average values from 3 cups) are

4 | B. subtilis continuous | continuous | 29,30,31 | 3,3,3 | 54x1pr | showninTab.5. .
5 B. subtilis continuous continuous 38, 38, 39 4,4,5 8.2x10* Table 5 shows that colonies

Tab. 5. Contents of the small intestine of chickens of the experimental group on day 42

obtained from the contents of the
small intestine on day 42
had similar characteris-

No | wmicroorganisms Sl L CFU/g tics: they were colorless,
samples 10° 10* 10° 107 10° slightly convex, oval or
1 B. subtilis continuous | continuous 50 21 9 7.8x108 rounded, witha 1.9-4 mm
2 B. subtilis continuous | continuous 58 17 8 6.0 x 108 diameter. The number of
3 B. subtilis continuous | continuous 50 11 6 4.0 %108 fgCi{aIﬁi (f uf? (t)illis 40r>1< (1%3;
4 B. subtilis continuous | continuous 52 14 6 5.2x108 to 5V 8 x 10°. Thus, the
5 B. subtilis continuous | continuous 53 15 6 5.8 x 108 probi otic Vitafort may
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contribute to the normalization of the microflora of the
gastrointestinal tract of broiler chickens.

Probiotics are living microorganisms that can be
part of food products and certain medicines or inde-
pendent probiotic preparations (additives). Strains of
Lactobacterium (21, 24) and Bifidobacterium, Bacillus
subtilis (12) are the most widespread. Probiotic drugs
may consist of one or more strains. Probiotics contain-
ing multiple strains are more appealing since they are
active against various conditions and can be used in
different animal species (10).

The primary role of probiotics is to support the colo-
nization resistance of the intestinal mucosa to opportu-
nistic pathogens and reduce the risk of dysbiosis, which
provokes and complicates gastrointestinal diseases in
animals and birds (8). Probiotics have pronounced
antagonistic properties against specific pathogens
and pathogenic bacteria and the ability to produce
antimicrobial and antibiotic substances (lactic acid,
hydrogen peroxide, lysozyme, bacteriocins, etc.). Thus,
they protect the gastrointestinal tract from inflamma-
tory processes (39). The use of the Vitafor probiotic
also affects the livability of the bird population. Thus,
in the experimental group, its rate amounted to 95%.
Similar data were presented by Teo and Tan (37), who
noted that B. subtilis PB6 helped maintain the number
of beneficial bacteria and reduced the mortality rate of
infected birds in groups treated with antibiotics and in
groups treated with B. subtilis PB6 alone from 14% to
6% and 8%, respectively. In the course of the study,
it was observed that the Vitafort probiotic promoted
the colonization of broiler chickens’ gastrointestinal
tract by Bacillus subtilis and reduced the amount of
pathogenic microflora. Medzhitov (23) obtained simi-
lar results. He noted that an increase in a particular
genus or type of microbes leads to a decrease in the
number of other microbes, which results in a change
in the immune-interactive profile. The interactive co-
existence of the immune system and microorganisms
is particularly well observed in the intestinal tract,
where gut-associated lymphoid tissue has evolved to
provide optimal protection against intestinal pathogens
(11). Fuller (10) emphasizes that the mechanism for
preventing colonization by pathogenic microorganisms
is competition for sites of adhesion to the surface of the
intestinal epithelium. In this regard, when developing
probiotic supplements, it is desirable to use adherent
strains.

When studying the effect of the Vitafort probiotic on
the body of broiler chickens, an increase was observed
in the daily weight gain and live weight of birds in the
experimental group. Vitafort improved the intestinal
microflora. Thus, it may contribute to a better absorp-
tion of nutrients in the small intestine and their more
productive use. Sandeepa and Ammani (31) also noted
changes in the live weight of oysters after the use of
lactobacilli. The use of lactobacilli at a concentration
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of 10% led to an improvement in growth performance,
serum protein concentration, glucose, triglycerides, and
shrimp health. According to Ovcharova, Petrakov et
al. (27) and Blum and Schiffrin (5), probiotic effects
in the body are not limited to the normalization of the
intestinal microflora, but also include metabolic effects
(positive influence on metabolic processes, normal-
ization of the lipid profile, blood sugar levels, etc.)
and immunological effects (improvement of humoral
and cellular immunity, reduction of allergization of
the body). In addition, probiotics also stimulate local
immunoprotection, strengthen the mucous protective
barrier, and reduce the severity of inflammation of
the gastric mucosa. The analysis of the morphological
blood parameters of broiler chickens receiving Vitafort
revealed an increase in the level of white blood cells,
which can be associated with an increase in nonspecific
resistance of the body. Cheremushkina et al. (8), who
used the probiotic Prolam, noted an increase in the
number of activated neutrophils in the bloodstream and
their increased absorption capacity. Microorganisms
present in the Prolam probiotic are involved in form-
ing intestinal biocenosis at the early stages of immune
system development. They are primary antigens for
native white blood cells and stimulate their prolifera-
tion and activation.

The probiotic Vitafort improves the intestinal mi-
croflora. Thus, it can be concluded that it contributes
to a better absorption of nutrients in the small intestine
and their more productive use. The broiler chickens
of the control and experimental groups were fed the
same diet. But a higher growth rate was observed
in the experimental group, as shown by the average
daily growth and live weight of birds. Thus, on day
42 the live weight of birds in the experimental group
was 2610 + 27 g, which was 4.21% higher than in
the control group. On day 35, the maximum average
daily growth (86.71 g) was observed in the experi-
mental group exceeding the control group by 6.06%.
The probiotic Vitafort improved intestinal microflora
and increased feed conversion, resulting in the birds’
weight gain.
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