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Abstract. The relevance of the study is conditioned by the growing demand of the population for
safe and organic poultry products. Various microbiological preparations are used as therapeutic
and preventive means and alternatives to the use of antibiotics in organic poultry farming. The
purpose of the study is to determine the effect of preparations of probiotic microorganisms and
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their metabolites on the optimal composition of the microflora of the digestive canal, the general
condition, and the liveability of broiler chickens. The effect of various types of drugs on broiler chickens
was investigated: the probiotic LactoPharm LP12, the postbiotic Bacteriosan, and a bacteriocin nisin
solution. The qualitative and quantitative composition of the microflora of the digestive canal of
broiler chickens was determined by the method of bacteriological cultures. The disc diffusion method,
using commercial discs with a minimum inhibitory concentration, revealed sensitivity to antibiotics.
The effective effect of the new postbiotic Bacteriosan on the intestines of poultry was confirmed — no
coagulase-positive Staphylococcus aureus was isolated on the 30th day of the experiment, and the
lowest titre of Escherichia coli was recorded on days 30, 60, and 81 of the experiment. In terms of the
content of lactic acid bacteria in the intestines of broiler chickens, the highest concentration was
found in the experimental groups that used the probiotic LactoPharm LP12 and the experimental
postbiotic by 21% and 32%, respectively, compared to control group. Treatment of bedding material
with prophylactic drugs in poultry houses of experimental groups contributed to air sanitation and a
decrease in the microbial background of the room compared to the control. The lowest mortality rate
of chickens (-12%) was observed when using probiotics and postbiotics, due to the positive effect on
the microbiocenosis of the digestive canal. When using an aqueous solution of nisin, the mortality
rate was 14%. Thus, the use of the postbiotic Bacteriosan at a dose of 5 mL/kg of feed and the probiotic
LactoPharm LP12 at a dose of 1 g/L of drinking water for seven days with a weekly break during
the entire period of poultry rearing was experimentally substantiated, which will allow for effective
prevention of infectious diseases and increase the liveability of broiler chickens

Keywords: microbiocenosis; intestine; postbiotic; nisin; organic poultry farming

Introduction

The poultry industry is developing rapidly and
is an important component in providing the
population with meat products. Organic prod-
ucts, which are characterised by higher quality
and safety compared to inorganic ones, are be-
coming widespread and popular in the world.
Domestic production of organic poultry prod-
ucts is controlled by the State Service of Ukraine
for Food Safety and Consumer Protection. The
establishment of principles and requirements
for the organic industry, turnover and labelling
of these products is carried out in accordance
with Law of Ukraine No. 2496-VII “On the Basic
Principles and Requirements for Organic Pro-
duction, Circulation and Labelling of Organic
Products” (2018). Organic poultry farming is a
promising industry, driven by increased con-
sumer demand for natural and healthy products,
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and a fast return on investment period, com-
pared to other livestock industries.

The use of antibiotics is one of the most
pressing environmental issues. These drugs
are used not only for therapeutic purposes, but
also for the prevention of diseases and stimu-
lation of animal growth (antibiotic growth pro-
moters (AGPs), and their widespread use leads
to the development of antimicrobial resist-
ance (Krysiak et al., 2021). Antimicrobial-re-
sistant pathogenic strains of microorganisms
can spread in the environment and compli-
cate the treatment of poultry, animals, and
humans. The ban on the use of antimicrobial
agents as growth stimulants (AGP) for animals
in the European Union countries came into
force in 2006, in accordance with Regulation
1831/2003/EC (Regulation (EU)..., 2003). This
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event initiated a similar practice in other coun-
tries of the world. In recent years, governments
and professional organisations have developed a
number of legislative documents, requirements,
and recommendations based on the concept of
“One Health” (Kosenko et al., 2022).

As an alternative to the use of antibiotics in
organic animal husbandry and poultry farming,
prebiotics, probiotics, and postbiotics that have
a positive effect on the body are increasingly
being used (Reuben et al., 2021). Prebiotics are
used by microorganisms as food, the available
forms of which include oligosaccharides, lac-
tulose, and inulin derivatives. Probiotics have
a direct effect on the intestinal microbiome by
selectively supplying beneficial microorgan-
isms to the bird’s digestive canal. Probiotics are
living microorganisms that can suppress path-
ogenic microorganisms in the gastrointestinal
tract of animals and poultry, while they are eas-
ily combined with other feed additives, while
additionally reducing the anthropogenic im-
pact on the environment. Probiotics are most
commonly used in clinical practice: bacteria of
the genus Lactobacillus, Lactococcus, Bifidobac-
terium and Streptococcus, as well as yeast Sac-
charomyces (Kothari et al., 2019).

The current strategy for raising poultry
without antibiotics is aimed at the fastest pos-
sible development of proper intestinal microbi-
ocenosis by adjusting the species composition.
The immune status and homeostasis of the
body depend on the functioning of the digestive
system and metabolism. For each animal spe-
cies, the optimal microbiocenosis will be dif-
ferent in terms of the species and quantitative
ratio of microorganisms. There is an increase
in the number and diversity of microorganisms
of the gastrointestinal tract in the direction of
progression from the duodenum to the large
intestine. Lacto- and bifidobacteria increase
the fermentation of carbohydrates. Butyrate is
produced, which is a useful energy substrate for

enterocytes and for maintaining the integrity of
the intestinal wall (Zhang et al., 2021).
Postbiotics are metabolites of probiotics
containing live microorganisms. Cell wall com-
ponents and cytoplasmic extract of many Lac-
tobacillus species have been proven to be effec-
tive postbiotics (Abd ElI-Ghany et al., 2022). For
the manufacture of postbiotic drugs, non-path-
ogenic microorganisms are used that are re-
sistant to acid and bile, are able to modulate
immune responses, and have a positive effect
on intestinal metabolic activity. The advantage
of postbiotics is their resistance to acids and en-
vironmental conditions, so they can be stored
for a long time under different temperature
conditions. Studies have confirmed that feeding
postbiotics to poultry improves the functioning
of the gastrointestinal tract and supports immu-
nity (Zhong et al., 2022; Ducatelle et al., 2023).
Thus, since organic animal husbandry re-
stricts the use of a whole list of veterinary drugs,
alternative means are needed to prevent infec-
tious diseases, and reduce or eliminate the use
of veterinary antibacterial drugs. The purpose
of the study is to investigate the effect of dif-
ferent types of preparations on the indicators
of survival and intestinal microbiota of broiler
chickens: probiotic LactoPharm LP12, postbiotic
Bacteriosan, and solution of bacteriocin nisin.

Literature Review

Probiotics have a positive effect on the living or-
ganism, are able to maintain the homeostasis of
the digestive canal of poultry and increase their
productivity by changing the composition and
function of the intestinal microbiota, as a result,
they are increasingly used in poultry farming
(Zommiti & Ferchichi, 2021). The most common
probiotics include bacteria of the genus Lactoba-
cillus (Xu et al., 2022).

Lactobacilli are widely represented in the
environment and are a component of the normal
intestinal microflora in animals. Lactobacillus
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bacteria are able to colonise the epithelial tis-
sues of the poultry intestine and exhibit bacteri-
cidal and bacteriostatic effects on foreign micro-
flora due to the synthesis of organic acids (lactic,
acetic), hydrogen peroxide, and antibiotic sub-
stances. S. Gujvinska & A. Paliy (2018) investi-
gated the biological properties of various strains
of lactobacilli and bifidobacteria and found
different degrees of inhibitory effect on oppor-
tunistic microorganisms in the cultures under
study. High antagonistic activity was shown
by the following strains from the experimental
cultures: Lactobacillus plantarum 37, Lactoba-
cillus casei 27 N, Lactobacillus plantarum 7-317,
Lactobacillus plantarum 22 N., Bifidobacterium
adolescentis 3 N, Bifidobacterium adolescentis
47, Bifidobacterium adolescentis 17-316.The use
of experimental strains reduced the number of
Escherichia coli bacteria, fungi of the genus Can-
dida, and the number of microorganisms of the
genus Staphylococcus (Gujvinska & Paliy, 2018).
A group of researchers from China found
that L. plantarum ST is a promising probiot-
ic strain that is characterised by resistance in
the conditions of the artificial gastrointestinal
tract, has high antibacterial activity, and has an
antagonistic effect on Salmonella typhimurium
and Escherichia coli (Yang et al., 2022). This
strain has been found to have a large number of
genes involved in carbohydrate transport and
metabolism. According to recent studies, inclu-
sion of L. plantarum in the diet increases the av-
erage daily growth of broiler chickens, increases
the content of IgG and IgA in the blood serum,
and significantly reduces the number of Escher-
ichia coli (Wang et al., 2023), which is consistent
with the results of other experiments.
Postbiotic is a product of the metabolism
of probiotic microorganisms that affects the bi-
ological functions of the body. A promising area
for creating new postbiotics is the combination
of organic acids and bacteriocins (natural anti-
biotic substances of protein or peptide nature),
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which are already in industrial production
(Kucheruk et al., 2018). Nisin is a lantobiotic
that is of great interest as an alternative to an-
tibiotics, is characterised by a broad spectrum
of action against Gram-positive bacteria and
acid-resistant mycobacteria. This antimicrobial
drug is synthesised by strains of Lactococcus lac-
tis approved for use in the food industry as a pre-
servative by the World Health Organisation and
the European Union. A number of studies have
established the immunomodulatory effect of ni-
sin on the animal body, which indicates the ther-
apeutic effect of this compound (Malaczewska
& Kaczorek-Lukowska, 2021). The expediency
of using nisin as a feed additive in animal and
poultry feeding requires additional scientific ev-
idence (Kieronczyk et al., 2017).

The use of organic acids as antimicrobial
agents is promising. When selecting and de-
veloping appropriate drugs, the specific effect
of various types of acids on pathogenic agents
is considered: lactic acid is characterised by
greater antimicrobial activity; sorbic acid -
antifungal effect, etc. The addition of organic
acids to the diet affects the histological struc-
ture of the gastrointestinal tract, increases the
length of villi, and improves the absorption
function of the mucous membrane. Nutrients
are better absorbed, which has a positive effect
on the growth rate of the poultry. Organic ac-
ids, in particular lactic acid, are used in poultry
farming to prevent bacterial and fungal con-
tamination. They are able to reduce the patho-
genic effects of bacterial infections, such as Sal-
monella, Campylobacter, Clostridium perfringens
etc. (Khan et al., 2022).

Therefore, normalisation and maintenance
of a stable composition of the intestinal micro-
flora of poultry acts as a preventive measure
for the occurrence of diseases, since it ensures
the full functioning of the digestive, hormonal,
and immune systems of the body, the health of
poultry and its productive indicators.
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Materials and Methods

Testing of microbiological preparations and
their metabolites was carried out on the prem-
ises of the organic poultry farming enterprise
of Ukraine - farm “Dacha” - during 2017-2022.
A total of 200 units of broiler chickens of the
Cobb-500 cross were selected for the study.

To establish the preventive effect of drugs
based on probiotic microorganisms and their
metabolites, a production study and a series
of laboratory analyses of the microbiological
composition of the small intestine of broiler
chickens were conducted, the composition of
microflora was determined, depending on the
composition of the diet and the duration of use
of probiotic drugs and their metabolites. The
effect of the following drugs was investigated:
the probiotic LactoPharm LP12, (LLC “LAC-
TOPHARM” Ukraine), an aqueous solution of
nisin, manufactured by “Bio-engineering Co”
(China) and postbiotic Bacteriosan. Probiotic
LactoPharm LP12 is a drug based on the strain
Lactobacillus plantarum AMT 12. Morphological
features of this strain — gram-positive, immo-
bile bacilli that do not form spores, are placed
in the form of filamentous rods or chains.

Postbiotic Bacteriosan was developed and
patented by employees of the Department

of Veterinary Hygiene named after Professor
A.K. Skorokhodko. Experimental drug-postbi-
otic in 1,000 mL contains: 1 g of nisin (China),
100 mL of 40% lactic acid (Ukraine), and 899 mL
of distilled water. Basic physical and chemical
properties of the drug Bacteriosan is a clear liq-
uid of light yellow colour, which has a specific
smell, and foams slightly when shaken. Before
the start of the experiment, isolated rooms
were built at the “Dacha” farming enterprise
and the territory was fenced off for keeping
experimental groups of broiler chickens. The
poultry was kept in wooden houses equipped
with local heating (underfloor heating and in-
frared lamps), provided with ventilation and
separate fenced paddocks covered with vegeta-
tion, at the rate of 4 m? for 1 animal. The birds
were provided with feeders and a nipple water-
ing system. To protect broiler chickens from
predatory birds, a safety net was installed over
the paddocks. To determine and compare the
effectiveness of the drugs under study in the
conditions of organic farming, according to the
principle of live weight analogues, four groups
were established: one control and three exper-
imental groups, each with 50 animals, respec-
tively (Table 1).

Table 1. Research scheme

Number of animals in

Group
a group
Control group 50
Experimental 1 50
Experimental 2 50
Experimental 3 50

Source: compiled by the authors

Chickens of the control group received
organic feed without microbiological prepara-
tions and their metabolites. No treatment of
the bedding material was carried out. Chickens
of the first experimental group were fed organic

Feed composition

Organic feed, without the use of preparations

Organic feed and water were replaced with a probiotic solution

LactoPharm LP12

Organic feed treated with an aqueous solution of nisin

Organic feed and Bacteriosan

feed, and water was replaced with a solution
of the probiotic LactoPharm LP12 in a dosage
of 1 g/L twice a day, for 1 hour in the morn-
ing and evening for 7 days, then a week break.
This scheme was used to feed the probiotic
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throughout the production period. The probi-
otic preparation was stored in the refrigerator
in a tightly closed container. Additionally, the
probiotic LactoPharm LP12 was treated with
bedding material once every three days by ir-
rigation, at a dose of 5 mL/m2. Chickens of the
second experimental group were provided with
organic feed treated with an aqueous solution
of nisin. To prepare the solution, the prepara-
tion in an amount of 0.1 g was dissolved in 1
litre of water, the feed was treated at the rate
of 5 mL/kg. Chickens of the third experimental
group were fed organic feed treated with the
postbiotic Bacteriosan at a dose of 5 mL/kg of
feed, the drug was prepared ex tempore. Drink-
ing was combined with the treatment of bed-
ding material, carried out by spraying, once
every three days, at the rate of 5 mL/m? of room
surfaces and bedding. Combined bedding was
used for chickens. When keeping chickens on a
warm floor, a gauze cloth was used, which was
replaced once a week. The rest of the floor was
covered with a layer of pine sawdust.

Before starting the treatment of bedding
material and during the study, sanitary and
hygienic indicators were determined, such as
the microbial count of air, temperature, and
humidity in the poultry house. The cleanli-
ness of the air in the poultry house was eval-
uated by counting the number of microorgan-
isms per 1 m®. Air samples inside closed spaces
were taken by sedimentation. Petri dishes with
meat-peptone agar were used, and the expo-
sure time lasted 1-3 minutes. Three air samples
were taken from each experimental and control
group. The samples were cultured at 37°C for
18 hours, then kept at room temperature for
24 hours. The composition of the microflora of
the digestive canal of broiler chickens was de-
termined by taking intestinal samples and con-
ducting microbiological studies on days 30, 60,
and 80 of the experiment. Three samples were
selected from the control and experimental
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groups, according to Rules for the selection of
samples of pathological material, blood, fodder,
water and their forwarding for laboratory re-
search. No 15-14/111 (1997). Determination of
the composition of the microflora of the diges-
tive canal of broiler chickens was carried out in
the laboratory “Ukrainian Laboratory of Qual-
ity and Safety of Agricultural Products”, which
operates in accordance with the requirements
EN ISO/IEC 17025:2017 (2017).

When taking samples to investigate the
microflora of the digestive canal of poultry,
ligatures were applied to the small intestine,
below the duodenum. The intestines were sus-
pended together with their contents by adding
an isotonic NaCl solution, swirled in a rotation
shaker for 10 minutes and allowed to infuse
for another 10 minutes, and then inoculated
on nutrient media. The study determined the
number of lactic acid microorganisms DSTU
ISO 4833:2006 (2007). ISO 15214:1998 (1998),
coagulase-positive Staphylococcus aureus using
Baird-Parker agar medium (DSTU ISO 6888-
1:2003 (2004), Salmonella spp. (Guidelines
“Methods of isolation and identification of sal-
monella”) and Enterobacteriaceae (DSTU ISO
6887-1:1999 (2004).

The susceptibility of Salmonella spp. to an-
tibiotics was determined by the disc diffusion
method, using commercial disks with a mini-
mum concentration of a drug that inhibits the
growth of the microorganism. The research
was conducted according to the recommen-
dations of EUCAST (European Committee on
Antimicrobial Susceptibility Testing) (n.d.) of
the European Society for Clinical Microbiology
and Infectious Diseases (Giske et al., 2022). The
production study using live poultry was carried
out in accordance with the ARRIVE guidelines
(Percie du Sert et al., 2020).

Staining of isolated microorganisms was
performed, followed by determination of mor-
phological features by microscopy. A set of
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reagents “Gram colouring” (Ukraine) and a
laboratory microscope “Granum” (China) were
used. Statistical analysis was performed using
the Microsoft Excel computer programme. The
arithmetic mean (M) and statistical error of
the arithmetic mean (m) were determined. The
significance of the differences was assessed by
Student’s t-test. The difference between the in-
dicators was considered significant at P<0.05
or 5%, which is acceptable for most biological
studies.

Results and Discussion

In order to improve the efficiency of organic
meat production, natural preventive measures
were tested. It was found that in the first period
of growth, chickens are most sensitive to var-
ious pathogens. According to L.K. Nolan et al.
(2020), the immune system of chickens is not
fully developed at hatching, so the body is sus-
ceptible to various infections. Especially in the
first weeks of life, chickens often suffer from
bacterial infections, which lead to significant
livestock deaths and economic losses. One of
the causes of high mortality is Escherichia coli
infections, which cause enteritis, disrupt the
respiratory tract, and cause septicemia.

During the first stage of the study, the
number of dead chickens was recorded and
the cause of their death was determined. From
day 1 to day 30 of the study, a high mortality
rate was observed, with the highest number of
chickens dying in the control group — 9 animals.
In the first experimental group, three chickens
died, one of them due to mechanical injury, and
one died as a result of gastric obstruction. In
the second experimental group, five chickens
died, one of them due to gastric obstruction.
In the third experimental group, three chick-
ens died, one of them as a result of mechanical
injury. The heat also contributed to the deaths
of chickens in the experimental groups, as the
young organism could not sufficiently carry

out proper thermoregulation. M.E. Abd El-Hack
et al. (2022) in their paper report on the effect
of hyperthermia on poultry immunity, a possi-
ble immunosuppression that contributes to the
occurrence of infectious diseases. Y. Wu et al.
(2019) note that heat stress affects the home-
ostasis of the bird’s body, increases the coloni-
sation of pathogenic microorganisms, and can
lead to increased mortality. T.A. Johnson et al.
(2019) report that it is possible to reduce the
harmful effects of heat stress by using a mix-
ture of probiotics. The results of the studies by
various researchers are confirmed by the data of
a production trial.

The presence of Salmonella spp. infection
was found in the body of chickens of the control
group. After overcoming the hyperthermic cri-
sis and restoring normal ambient temperature
on day 40 of the study, no chicken deaths were
recorded in any experimental group. In the con-
trol group, bird deaths began on day 20 of the
study, and characteristic dysbiotic manifesta-
tions were observed.

During the study, in the control group,
weakened chickens that were lagging behind in
growth and development died first. In the fu-
ture, clinical signs of the disease began to be
observed in other chickens of the control group.
The bird had no or reduced appetite, gait be-
came unsteady, and general depression of chick-
ens was documented, they stood with their eyes
closed, heads lowered down, and diarrhoea was
white or greenish-brown in colour. The mani-
festation of these clinical signs was exacerbat-
ed during periods of high ambient temperature.
Considering the high mortality rate in compar-
ison with the experimental groups and clinical
signs, a laboratory study of chicken corpses
was conducted. According to clinical, pathoan-
atomical signs and laboratory test results, the
chickens were diagnosed with Salmonella spp.
and E. coli of mixed bacterial aetiology. Charac-
teristic pathological changes were found in the

?V/X Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 3



Daskalova et al.

heart and intestines of chickens - fibrinous per-
icarditis, and catarrhal-hemorrhagic enteritis.
The heart was enlarged, covered with fibrin in
the form of films, and the cavity of the cardiac
jacket contained serous-fibrinous exudate with
fibrin flakes. The liver was dark brown in colour
with a dull surface, enlarged in size, blood ves-
sels and mesentery of the intestine were filled
with blood.

To select an effective therapeutic drug
for broiler chickens of the control group, the

sensitivity of Salmonella spp. and E. coli from
dead birds to antibiotics of different groups was
investigated. Sensitivity to chloramphenicol,
penicillin, tetracycline, cephalosporins, mac-
rolides, aminoglycosides, and fluoroquinolones
was established. The most effective antibiotic
was tetracycline. The effect of the postbiotic
was quite pronounced, only in the third experi-
mental group of chickens no coagulase-positive
Staphylococcus aureus was isolated from the in-
testine (Table 2).

Table 2. Microflora isolated from broiler chickens on the 30th day of the experiment

Group of Group of broiler chickens
LUISICOEEEIIISTHS control experimental 1 experimental 2 experimental 3
Staphylococcus 3.0%10° 4.5x10? 1.0x10° Not detected
aureus, CFU/g
. E. coli in the liver, .E‘ i it .E' i in i E. coli in the liver,
Enterobacteriaceae . . liver, stomach, liver, stomach, . -
stomach, intestines . - . . stomach, intestines
intestines intestines
Bacteria of the
E. coli group 1.3x108 1.9x10¢ 6x10° 6.7x10*
(BECG), CFU/g
Salmonella spp. Isolated from the liver Not detected Not detected Not detected

Source: compiled by the authors

Postbiotic Bacteriosan was created by a
synergistic combination of organic acid and
bacteriocin, which is obtained naturally from
the biomass of probiotic bacteria. High anti-
bacterial activity of postbiotic against Staphy-
lococcus aureus presumably, in addition to the
nisin content, is associated with the lactic acid
content, which according to R.U. Khan et al.
(2022) is characterised by high antimicrobial
activity. A.M. Humam et al. (2019) note that
antimicrobial metabolites can lower the intes-
tinal pH value and inhibit the proliferation of
opportunistic microorganisms in animal feed
and intestines. A number of publications report
on the inhibitory effect of postbiotics obtained
from Lactobacillus plantarum on various path-
ogenic bacteria (Yang et al., 2022), including
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Salmonella typhimurium and Escherichia coli
(Wang et al., 2023), which is consistent with
the results obtained. The salmonellosis patho-
gen was not detected in the third experimental
group, with the lowest content of E. coli bacteria
compared to the other experimental groups.
Staphylococcus aureus is a bacterium that is
widely distributed in the environment, includ-
ing air, various surfaces of objects, etc., and is
able to develop resistance to antibiotics that
are used for treatment. Moreover, Staphylococ-
cus aureus is the most pathogenic type of path-
ogenic staphylococcus species isolated from
poultry. Infections associated with S. aureus
are a global problem of poultry farming, caus-
ing economic losses due to diseases and mor-
tality of poultry. The pathogen is dangerous
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for humans; some strains that produce enter-
otoxins cause food poisoning. An in vitro study
by H. Harmentis et al. (2020) reports that lactic
acid bacteria of the species Lactobacillus are
able to inhibit Escherichia coli, Salmonella ente-
ritidis, and Staphylococcus aureus. In addition,
there is a known case of the appearance of a
resistant strain of Staphylococcus aureus in the
bedding of poultry (Pugazhendhi et al., 2020).
In this regard, probiotic, postbiotic, and nisin
solution were included in the diet of broiler
chickens, and additional treatment of the bed-
ding material was carried out.

It was found that the treatment of bedding
material in the poultry house with safe and nat-
ural preparations contributes to air sanitation
and reduces the microbial background of the
room. At the beginning of the experiment, the
content of microorganisms in the room air was
the same in all groups and amounted to 1.3x10?
CFU in 1 m3. The microbial count of air was
determined every 10 days, considering the dy-
namics in the control and experimental groups,
it was found that the content of microflora in
the experimental and control rooms increases
in accordance with the age of chickens, despite
periodic cleaning and treatment of bedding
material. The experiments of M.C. Oliveira et al.
(2015) indicate that the treatment of poultry
bedding with zeolite, aluminium sulphate, and
quicklime does not affect poultry productivity
and is economically inexpedient. According to
other researchers, there are substances that
lower the pH of the bedding, reduce ammonia
evaporation, and contribute to an increase in
poultry body weight by improving housing con-
ditions. The expediency of processing bedding
material requires further investigation. Nowa-
days, the issue of minimising the harmful ef-
fects of animal husbandry on the environment,
including poultry farming, is extremely rele-
vant. In organic poultry farming, bedding that
has been treated with a probiotic or postbiotic

can be used as fertiliser in the soil, unlike tradi-
tional poultry farming on bedding with residual
amounts of antibiotics.

In the digestive canal of broiler chickens
of the first experimental group that received
a probiotic Lactobacillus plantarum, in com-
parison with the indicators in chickens of the
control and second experimental group, which
received a solution of nisin, the number of
Staphylococcus aureus microorganisms was an
order of magnitude smaller. The highest con-
tent of Staphylococcus aureus was found in the
intestines of broiler chickens of the control
group - 3x10° CFU/g, a fairly high titre was
also recorded in the intestines of chickens of
the second experimental group - 1x10% CFU/g.
Salmonella was also isolated from the liver of the
control group of broiler chickens. The concen-
tration of microorganisms of the Lactobacillus
group was significantly lower compared to sim-
ilar indicators of the experimental groups.

In broiler chickens of the control and ex-
perimental groups, Escherichia coli microorgan-
isms were isolated from the liver, stomach, and
intestines. The smallest titre — 6.7x10* CFU/g —
was found in the digestive canal of chickens
from the third experimental group, which
received postbiotic with feed, in the control
group — 1.3x10% CFU/g, respectively. Escheri-
chia coli is well preserved in poultry droppings,
dry air is a favourable condition, and it can be
found for a long time in the bedding material, on
mechanical particles, and dust on various sur-
faces of poultry houses. Increasing the humid-
ity level helps to reduce the amount of E. coli in
the room air. Therefore, there is a possibility of
re-contamination of livestock with E. coli with
altered enzymatic properties.

On day 60 of the experiment, the composi-
tion of the microflora of the digestive canal of
broiler chickens was analysed. Staphylococcus
aureus was not detected in the control and ex-
perimental groups of broiler chickens, which
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indicates the effectiveness of the therapeutic
measures in the control group and the preven-
tive effect of microbiological preparations and
their metabolites in the experimental groups.
On day 60, microbiological studies revealed the

absence of pathogens in the control group and all
experimental groups in the intestinal samples
of broiler chickens. Thus, the bodies of broiler
chickens of the experimental groups overcame it
with the help of preventive drugs (Table 3).

Table 3. Microflora isolated from broiler chickens on day 60 of the experiment

Group of broiler chickens

Group of
TUSICOLSS NSNS control experimental 1 experimental 2 experimental 3
Stap :;L): iz;t;ccus Not detected Not detected Not detected Not detected
E. coli in the .. . E. coli in the E. coli in the
. . E. coli in the liver, . .
Enterobacteriaceae liver, stomach, . . liver, stomach, liver, stomach,
. . stomach, intestines . . . .
intestines intestines intestines
Bacteria of the E. coli s ; . .
group (BECG), CFU/g 2.3x10 7.6x10 1.6x10 2.1x10
Salmonella spp. Lsalleizedl rom Ere Not detected Not detected Not detected

liver

Source: compiled by the authors

In the control group of broiler chickens, in-
tense poultry mortality with characteristic clin-
ical symptoms was observed. Therefore, on day
34 of growing, after determining the sensitivity
of pathogenic microflora to antimicrobial drugs,
a course of antibiotic therapy was started. Chick-
ens of the control group were given the antibi-
otic tetracycline with drinking water at the rate
of 0.5 g/L of water, lasting a course of 7 days. Ac-
cording to the forecast, the poultry of this group
were expected to achieve complete body sanita-
tion. The staphylococcal infection was overcome,
however E. coli, as before, was released from the
liver, heart, stomach, and intestines, despite the
course of antibiotic therapy. The pathogen of
Salmonella spp. was isolated from the liver of
chickens of the control group, although imme-
diately after completing the course of antibiotic
therapy, the clinical condition significantly im-
proved - the manifestation of digestive disor-
ders decreased, appetite improved, and activity
increased. The full recovery of the livestock after
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treatment did not occur. This probably indicates
the presence of adaptive properties in microor-
ganisms that are pathogens.

In the control group of broiler chickens,
symptomatic signs of salmonellosis were fur-
ther observed. There were isolated symptoms
of Salmonella spp. in combination with the clin-
ical picture of escherichiosis. Violation of the
microbiological composition in the digestive
canal led to dyspeptic phenomena. The pro-
gression of diarrhoea led to a significant loss of
electrolytes and proteins, which accelerated de-
hydration and cachexia. Some strains of E. coli
can colonise and destroy the intestinal epi-
thelium (enteritis). The affected poultry died
suddenly or from exhaustion. Due to damage
to the intestinal surface by bacteria, toxins and
other pathogenic agents, the digestibility of
feed components is suppressed and the growth
of microorganisms of some species is activated.
Violation of the balance between obligate and
facultative microflora of the digestive canal of
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broiler chickens causes a change in the com-
position of microbial enzymes, disrupts the
processes of metabolism and digestion, first
the breakdown of polysaccharides, and then
proteins and fats. This leads to increased gas
formation in the intestines of poultry, fermen-
tation and putrefaction processes begin, and as
a result - intoxication of the body. Microorgan-
isms of opportunistic and pathogenic species
begin to multiply in the small intestine.

From days 30 to 50 of the study, the high-
est mortality rate was observed in the control
group — 9 animals died. After treatment, poul-
try mortality decreased. From days 50 to 70 of
the experiment, only one case of chicken death
from the group was registered. However, start-
ing from days 70 to 80, mortality was again ob-
served — 4 chickens died. Without treatment,
the mortality rate would have been higher,

with up to 70% of the poultry population dying
when affected by Salmonella spp. Considering
the presence of other infectious agents that
deplete the bird’s immune system, the prog-
nosis was unfavourable. Three chickens died in
the first experimental group, two chickens died
in the second experimental group, and three
chickens died in the third experimental group.
In each group, from 4 to 5% of birds died due
to non-infectious pathology — gastric obstruc-
tion or mechanical injury. When studying the
effect of microbiological preparations and their
metabolites on the content of lactic acid bacte-
ria in the intestines of broiler chickens, a sig-
nificantly higher concentration of lactobacilli
was found in samples from poultry of the first
and third experimental groups compared to the
indicators of the control group throughout the
experiment (Table 4).

Table 4. Amount of lactic acid bacteria in the intestines of broiler chickens, LgCFU/g, M*m, n=3

Group of chickens

30
Control 5.13+0.39
Experimental 1 7.03+0.22*
Experimental 2 5.71+0.08*
Experimental 3 7.10£0.05*

Note: *P<0.05 compared to the control
Source: compiled by the authors

J. Wang et al. (2023) report the positive im-
pact of introducing Lactobacillus plantarum to
the poultry diet, which helps increase immu-
nity, improve digestion and absorption of feed
nutrients L. plantarum can also produce lactic
acid bacteriocins during reproduction. X. Zhang
et al. (2020) note that lactic acid bacteria, when
entering the digestive canal, quickly colonise
and compete for nutrients with harmful mi-
croorganisms, including E. coli. Due to the high

Day of experiment
60 81
5.09%0.70 4.53%0.13
5.89%0.07* 5.50+0.10*
6.07£0.71* 4.23%0.19
6.15+0.07* 6.00+0.03*

concentration of lactic acid in the digestive canal
of poultry, the pH value of digestive juices de-
creases. In the conducted studies, an increase in
the number of lactic acid bacteria was observed,
while the content of E. coli bacteria in the exper-
imental groups decreased, which is fully consist-
ent with the above data. In chickens of the third
experimental group, a 38% higher content of lac-
tic acid bacteria was recorded in the intestines
on day 30 compared to the control group (Fig. 1).
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In addition, the experimental postbiotic
showed a preventive effect, stopping the at-
tachment of staphylococcus to the intestinal
wall of chickens. Broilers have a less robust im-
mune system, their growth rate is fast, and their
immune levels do not develop at the same rate,
which explains their susceptibility to many in-
fectious diseases. R.U. Khan et al. (2022) indi-
cate an improvement in the immune response
of broilers when organic acids are introduced
to the main diet, which is consistent with the
results described in this paper. The mechanism
by which organic acids regulate immunity is not
fully understood. Improved broiler immune re-
sponse may be associated with increased num-
bers Lactobacillus spp. in the gastrointestinal
tract, which has a positive effect on the immune
system of poultry. The antibacterial properties
of nisin consist in permeabilising the bacterial
cell membrane by forming pores, which leads to
leakage of cellular contents and destruction of
the cell. It is assumed that lactic acid together
with bacteriocin nisin create favourable condi-
tions and stimulate the reproduction of symbi-
otic microorganisms, in particular lactobacilli,
which has a positive effect on the microbiome
of the digestive canal of broiler chickens.

On days 60 and 81 of rearing chickens of the
first experimental group, a decrease in the aver-
age number of lactic acid bacteria was noted by
16% and 22%, respectively, although their con-
tent remained at a fairly high level compared
to similar indicators in broiler chickens of the
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Figure 1. Growth of lactic acid bacteria at a dilution of 1x10-° on day 30 of the experiment

control group. It is assumed that this phenom-
enon is caused by weekly breaks in the use of
probiotic drugs. With this scheme of use of mi-
crobiological preparations, the microbioceno-
sis of the digestive canal is stabilised and the
digestive process and homeostasis of the bird’s
body are maintained. In the intestinal samples
of broiler chickens of the second experimen-
tal group, the number of lactic acid bacteria
increased by 6% on day 60 of the experiment
compared to the indicators on day 30 of rearing,
but on day 81, their content in the intestines of
chickens of this group was the lowest compared
to other experimental groups. As for the broiler
chickens of the third experimental group, it can
be argued that the intestinal microbiocenosis
is stable, there were slight fluctuations in the
content of lactic acid bacteria, the difference
between the content of lactobacilli at days 60
and 81 was 2%, respectively, the indicators are
quite high, indicating the stable operation of
homeostasis processes.

According to the results of laboratory tests,
a significant concentration of Escherichia coli
in the digestive canal of broiler chickens was
established, however, in the first, second, and
third experimental groups, no deaths of poultry
were observed after 50 days of rearing. Analysis
of laboratory tests indicates the corrective ef-
fect of preventive drugs (probiotic LactoPharm
LP12, bacteriocin nisin, postbiotic Bacteriosan)
on the intestinal microflora of broiler chickens,
a decrease in the concentration of Escherichia
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coli bacteria was observed in the experimental
groups. On day 60 of the experiment, an increase
in the number of E. coli bacteria was found in
the intestines of broiler chickens of the control
and all experimental groups. Presumably, this
is due to weather conditions, there was a pro-
longed increase in ambient temperature from
day 40 to 50 of the experiment, which acted as
a stress factor and reduced the overall resist-
ance of the broiler chickens. The best preven-
tive effect of the drugs was manifested in the
third experimental group. The content of E. coli
was the lowest in comparison with the control
and other experimental groups, as an increase
in the number of Escherichia coli can cause the
development of colibacillosis.

The absence of coagulase-positive Staphylo-
coccus aureus in the digestive tract of broiler chick-
ens on day 81 of the experiment indicates a satis-
factory result of treatment with antibiotic drugs
in the control group and an effective preventive
effect of microbiological preparations on their
metabolites. The highest concentration of E. coli
was isolated from the contents of intestinal and
gastric samples in poultry of the control group.
The lowest content of E. coli bacteria was isolat-
ed from the intestines of broiler chickens of the
third experimental group, which received the de-
veloped new experimental postbiotic. In chickens
of the control group, E. coli was also isolated from
the heart and liver, which may indicate a weak-
ening of the body’s immune defence (Table 5).

Table 5. Microflora isolated from broiler chickens on day 81 of the experiment

Group of Group of broiler chickens
microorganisms control experimental 1 experimental 2 experimental 3
Staphylococcus aureus Not detected Not detected Not detected Not detected
Enterobacteriaceae E. coli from the E. coli from E. coli from E. coli from
heart, liver, the stomach, the stomach, the stomach,
stomach, intestines intestines intestines intestines
Bacteria of the E. coli
group 8.7x107 2.2x10° 6.3x10° 2.9x10*
(BECG), CFU/g
Salmonella spp. Detected in the liver Not detected Not detected Not detected

Source: developed by the author

In experimental groups of broiler chickens,
colibacillosis was not clinically manifested, the
birds were active, lively, and had a good appe-
tite. Consequently, these microorganisms did
not have an enteropathogenic effect, presuma-
bly high concentrations of symbiotic microflora
contributed to the competitive displacement
of other microorganisms, including opportun-
istic ones, from the sites of attachment to the
intestinal epithelium. Colimorphic bacteria can
exchange plasmids, thus developing strains
that synthesise endotoxins and cause diseases
with clinical signs associated with primary or

secondary infection. In the control group, Sal-
monella spp was isolated from the liver of chick-
ens. Some of the chickens in this group were
frail, did not consume food and water or had a
reduced appetite, and symptoms of dysbiosis
were observed. A pathoanatomical autopsy con-
firmed the presence of characteristic changes in
a mixed infection caused by isolated pathogens
(Salmonella spp., E. coli). At the end of the ex-
periment, the number of microorganisms in the
air increased. In the control group, where the
bedding material was not treated, the micro-
bial count was 2.6x10% CFU/m?. In the air of the
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poultry house of the first experimental group,
this figure was 1.0x10° CFU/m3, in the second
experimental group — 1.3x103, and in the third
experimental group - 1.1x10° CFU/m?.

During the entire period of the experiment,
12% of chickens died in the first and second
experimental groups, and the mortality rate
in the second experimental group was 14%.
Most chickens died in the control group — 49%.
The paddocks of the control and experimen-
tal groups of broiler chickens were separated
only by a metal net, but no infection of the ex-
perimental groups occurred. The use of natu-
ral preventive drugs tested in the experiment
provided a high percentage of the liveability
of chickens of experimental groups in compli-
ance with the requirements for organic poul-
try rearing. W.A. Abd El-Ghany et al. (2022),
K. Krysiak et al. (2021), and R.U. Khan et al.
(2022) reported the prospect of using probi-
otic drugs and their metabolites as therapeutic
and preventive agents in poultry farming. The
study confirmed the positive effect of the pro-
biotic LactoPharm LP12, nisin, and the postbiot-
ic Bacteriosan on the body of broiler chickens.
However, probiotics, according to K. Krysiak
et al. (2021), have certain disadvantages, in
particular, sensitivity to temperature and hu-
midity during storage, which can affect their
effectiveness. With the use of bacteriocin nisin
in the intestines of poultry, a decrease in the
concentration of lactobacilli and a lower live-
ability of chickens were observed compared to
other study groups that were treated probiotic
and postbiotic. Considering the effect on the
microbiome of the gastrointestinal tract, the
liveability of chickens, and the conditions and
shelf life of the studied microbiological prepa-
rations, the postbiotic Bacteriosan turned out
to be the most effective and convenient to use.

Therefore, an integrated approach to main-
taining the health of poultry, their feeding
and maintenance with the use of preventive
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measures, systematic control of sanitary and
hygienic standards and microclimate param-
eters in poultry houses ensures the successful
development of organic poultry farming and
obtaining high-quality and safe products.

Conclusions
The production of organic products and the
rejection of the use of antibiotic drugs are ex-
tremely important and relevant issues. The use
of natural preparations for broiler chickens,
namely postbiotic Bacteriosan and probiotic
LactoPharm LP12 provided higher poultry live-
ability compared to the control group. It is es-
tablished that the use of probiotics LactoPharm
LP12 and Bacteriosan has a preventive effect
on the contamination of broiler chickens with
Salmonella spp. and Staphylococcus aureus. In
poultry fed a postbiotic, the highest concentra-
tion of lactic acid bacteria was recorded in the
intestine, ranging from 6.0 to 7.1 LgCFU/g. The
drug Bacteriosan has an advantage in terms
of storage time and conditions compared to
probiotics, which require certain temperature
conditions, are less stable, and are unsuitable
for long-term storage after dilution. During the
production experiment on poultry under the
conditions of organic rearing of chickens, the
preventive effect of drugs based on probiotic
microorganisms was established due to the full
formation of microbiocenosis in the digestive
canal, since it serves as a powerful link in the
body’s immune defence. The effect of the post-
biotic was quite pronounced on the 30th day
of the study, only in the experimental group of
chickens treated with Bacteriosan, no coagu-
lase-positive Staphylococcus aureus was isolated
from the intestines. The use of these drugs can
be considered as an alternative to the use of
preventive antibiotics. Meanwhile, it is neces-
sary to comply with high sanitary and hygienic
standards of production, as housing conditions
play an important role in maintaining good
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poultry health. Treatment of bedding mate-
rial with postbiotic Bacteriosan and probiotic
LactoPharm LP12 is allowed in the presence of
poultry. When treating bedding material, con-
ditionally pathogenic microflora is replaced by
lactobacilli, which are antagonists, postbiotic
exhibits an antimicrobial effect and, as a result,
the release of microflora from the bedding into
the air decreases. Poultry is not re-contami-

will facilitate the proper development of the
intestinal microbiocenosis of chickens, preven-
tion of dysbiosis and other diseases.

In the future, it is planned to investigate
the effect of these natural preparations on the
sanitary and hygienic indicators of the micro-
climate when using various types of bedding
and establish the optimal type of bedding ma-
terial for use in organic poultry farming.

nated with opportunistic microflora, and the

sanitary and hygienic indicators of the indoor Acknowledgements
microclimate are improved. Postbiotic Bacteri-  None.
osan and probiotic LactoPharm in combination
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AHoTanisi. AKTyaJgbHICTb JOCTIIKeHHS 3YMOBJIEHa 3pOCTAIOUMM IIOIIMTOM HacejleHHS Ha
6e3MeyHi Ta OpraHiuHi MPOAYKTU MTaXiBHUIITBA. B SIKOCTi JIiKyBa/JIbHO-MTPOQiNaKTUUHKUX 3aC06iB
Ta aJbTepPHATMBY 3aCTOCYBAHHSI aHTMOIOTMKIB B OpraHiuHOMY MTaxiBHUIITBI BUKOPUCTOBYIOTb
pi3Hi Mikpob6ionoriuni nmpemapaTt. MeTa po60TH — BU3HAUMTHM BILUIMB IIpeIapariB MpobioTUUHMUX
MiKpOOpraHiamiB Ta ix MeTa6oOiTiB Ha ONMTMMAaIbHMUII CKJIa[ MiKpOQJIOpM TPaBHOTO KaHAY,
3araJibHUil CTaH Ta 36epexkeHHs Kypuar-GpoiinepiB. JOCTiIkeHO BIUIMB Ha KypyaT-Gpoiiiepis
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Effect of probiotic drugs and their metabolites...

pi3HMX BUAIB mpemapariB: mpo6ioTuka «LactoPharm LP12», moct6iotTuka «BakTepiocan» Ta
pO3uMHy 6GakTepiouyHy Hi3uMHY. MeTomoM 6aKTepiosoriuHMx MOCiBiB BM3HAUEHO SIKiCHMI i
KUTbKICHMIT CKJIam MiKpoQopu TpaBHOTO KaHamy KypuaT-6GpoiutepiB. ducko-audysiiiHum
METOJIOM, BMKOPMCTOBYIOUM KOMEPIiiiHi AMCKM 3 MiHiMaJbHO iHTi6YI0UOI0 KOHIIEHTpalli€lo,
BUSIBJIEHO YYTIMBICTh [0 aHTUOIOTHMKIB. ITimTBepmskeHO e(PeKTUBHY [Oil0 Ha KUIIEUHUK IITUII
HOBOTrO MocT6ioTuKa «bakrepiocan» — Ha 30 MO0y HOCTiAY HE BUIIISIM KOAryia3o-rmo3suTUBHUX
Staphylococcus aureus Ta 3adikcyBaau HaliHuskumit TuTp Escherichia coli mig yac mocmimkeHHsT Ha
30 mo6y, 60 ta 81 mo6y mocniny. [py JOCTiIKeHH]I BMiCTy MOJOYHOKMUCINX OAKTEPiil Y KUIIKiBHUKY
KypuaT-6poiisiepiB HaliBUIla KOHIIEHTPAallisl BCTAaHOBJIEHA B IOCTiAHUX IPYTIax, SKMM 3aCTOCOBYBAIU
npo6iotuk «LactoPharm LP12» i ekcriepMMeHTanbHMit MOCTOiOTMK Ha 21 Ta 32%, BimmoBimHo,
MOPiBHSIHO 3 KOHTPOJBHOW0O Ipymno. O6pobKa MifCTUIKOBOTO MaTepiany MpodilakKTMUHUMU
rpenapaTaMy B MNTallHMKax NTULI NOCTIZHMX TPYH CIpMsUIa CaHallii MOBITPS Ta 3HVDKEHHIO
MiKpo6HOro (OHY MpUMillleHHs MMOPiBHSAHO 3 KOHTpPOJieM. BcTaHOB/IeHAa HaliMeHIIIa JeTalbHiCTh
Kypuat (-12%) mpu 3acTocyBaHHi TPO6iOTMKA Ta MOCTOIOTMKA, BHACTINOK MO3UTUBHOTO BIUIMBY
Ha MiKpo6ioIleHO3 TpaBHOTO KaHaiy. [IpM BUKOPUCTAHHI BOMHOTO PO3UMHY Hi3MHY MOKAa3HUK
JIeTAJIbHOCTi CTaHOBUB 14%. TakKuMM UMHOM, €KCIIEPMMEHTATbHO OGIPYHTOBAHO BUKOPMCTAHHS B
opra”iuHoMy NTaxiBHULTBI ocT6ioTuka «bakTepiocan» y f03i 5 MJI/KT KOPMY Ta IIPOOiOTMUHOTO
npernapaty «LactoPharm LP12» B 103i 1 r/1 muTHOI Bogu KypcoM ciMm Aib, 3 TVSKHEBOIO TiepepBOI0
BIIPOAOBX YChOTO I€piOmy BMPOIIYBAaHHSI IITUIL, IO JO3BOJUTh 3[i/ICHIOBATU e(QEeKTUBHY
podinakTuKy iHpeKIiiiHuX XBOpoO Ta MiABUIIUTH 36epekeHicTh KypuaT-6poiinepis
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