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Abstract. Probiotic preparation containing bacteria of the genus Bacillus subtilis and Bacillus
licheniformis used for feeding broiler chickens to improve feed digestion, nutrient absorption,
increase immune status and productivity, and for the prevention and treatment of various poultry
diseases. The purpose of the study is to conduct histological tests of broiler chicken slaughter
products when they were administered a probiotic biologic medical product in doses of: 0.5 g,
2.0, and 4.0 g per 10 dm?® of water. The material was examined by the histological method. It was
found that the muscle fibres in the pectoralis major are of the same type, evenly directed, the
cytoplasm of muscle fibres is moderately eosinophilic, uniformly light pink, and minor layers of
adipose tissue are found between the bundles of muscle fibres. The morphological architectonics
of the heart muscle are preserved, cardiomyocytes are homogeneous and have a clear orientation.
The microstructure of the liver of broiler chickens is unchanged: hepatocytes are collected in the
same type of groups; the central veins are desolate; the cytoplasm of these cells is homogeneous,
clear, and pink; the nuclei are weakly basophilic. In the spleen, the follicular structure is formed,
leukocytes are diffusely placed at different stages of differentiation; vessels in significant numbers,
thickened, of different calibre. The cuticle of the muscular part of the stomach contains the
epithelial layer, the volume part of the connective tissue base layer is revealed; muscle fibres
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are located under the mesenchymal base of the cuticle. Lungs by morphological structure have
bronchial tubes throughout the structure, which contain blood cells. According to the results of
the conducted studies, a beneficial effect of a probiotic biological product at a dose of 4.0 g/10 dm3
of water on the morphology of the pectoralis major and internal organs of broiler chickens was
established. Therefore, a probiotic at a dose of 4.0 g/10 dm3 of water during the drinking of broiler
chickens can be recommended to increase productivity and produce safe slaughter products. The
practical significance of the results obtained is to determine the features of the effect of feeding
poultry with different doses of probiotics on the microstructure of its slaughter products, which is
important for obtaining the best effect from its use

Keywords: poultry; pectoralis major; slaughter products; histological studies; morphology;

probiotic

Introduction

The poultry industry uses modern intensive
technologies for the production of poultry
slaughter products, in particular, more than
120 million tonnes of chicken, turkey, duck, and
quail meat are produced per year. However, due
to the intensive nature of modern poultry farm-
ing, there are problems with the well-being of
poultry, the impact on the environment, and
the economic stability of the country. There-
fore, it is necessary to develop modern systems
for monitoring and controlling the mainte-
nance of poultry, and well-being, in particular,
improving the diet of feeding with the use of
probiotic drugs (excluding antibiotics), and
monitoring the production of poultry slaugh-
ter products and their safety. A.S. George &
A.S.H. George (2023) pointed out that a modern
monitoring and control system — the HACCP
system — has been widely implemented in ac-
cordance with the requirements of the National
Food Management Standard ISO 22000:2018
and the international food standard Global Food
Safety Initiative (GFSI).

Probiotics, prebiotics, and synbiotics have
had significant positive effects not only on hu-
man health, but also on animal health, accord-
ing to A. Rousseaux et al. (2023), in particular
on the functions of internal organs, muscle
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tissue, and intestinal mucosa, where the com-
position of beneficial microorganisms was
modulated - Bifidobacteria and Firmicute. The
use of probiotics has led to positive results in
the prevention and treatment of a significant
number of diseases, such as infectious diseases,
malignant tumours, allergies, etc. When plan-
ning the development of poultry processing
enterprises, it is necessary to consider the im-
pact of their functioning on the environment.
R. Kler et al. (2022) found that during the pro-
duction of high-quality and safe meat of broiler
chickens, it is necessary to ensure proper sani-
tary and hygienic conditions for their mainte-
nance, feeding, and well-being. S. Tavaniello et
al. (2023) proved a significant effect of the syn-
biotic drug “PoultryStar”, when fed to broiler
chickens, on increasing body weight, carcass
yield, improving the quality indicators of meat
and offal, in particular morphological ones.

J. Lei et al. (2022) noted a significant ef-
fect of the gut microbiota of broiler chickens
on some indicators of meat quality, in particu-
lar, moisture retention capacity and structure.
Therefore, it is necessary to use probiotic drugs
during poultry feeding, which will affect the
state of the intestinal microflora. Y. Zhao et
al. (2020) claimed that when feeding broiler




Microstructural analysis of meat and internal organs...

chickens a dietary probiotic Bacillus licheni-
formis H2 was noted to increase their growth,
improve the morphological characteristics of
the intestine, liver, and other internal organs.
Safety and quality of poultry meat, as noted
by D. Shalginbayev et al. (2022), can be deter-
mined not only by the content of moisture, fat,
dry matter, etc., but also confirmed by histolog-
ical studies during meat production and stor-
age. The researchers established morphological
changes in poultry meat when it was frozen at
a temperature of negative (18+2)°C, which oc-
curred during transportation. Researchers also
developed a colorimetric method for identi-
fying defrosted poultry meat by processing it
with current and gas, which was used to estab-
lish falsification of the thermal state of poultry
meat due to repeated freezing. F. Abdulkhaliq
& A.D. Sabow (2023) evaluated the morpho-
logical characteristics of poultry slaughter
products, considering the effectiveness of the
pre-slaughter state of poultry, the degree of ex-
sanguination of carcasses, the composition of
feed for feeding and the quality of poultry meat.

A.P. Paliy et al. (2020) pointed out the im-
portance of conducting histological studies
of meat raw materials and poultry slaughter
products, since this method can confirm the
safety and quality of meat products. V.G. Stoy-
anovskyy et al. (2020) claimed that the addition
of humic acids and the probiotic “Laktin” with
plant-based preparations to the diet of broiler
chickens increased the immunological status
of the body, increased the safety of poultry, and
the level of productivity. The morphological
structure of the poultry intestinal tissue was
characterised by the presence of immune struc-
tures, which affected the growth and devel-
opment of broiler chickens during the rearing
period. The Regulation of the European Union
No. 1381 (2019) stipulates that monitoring the
safety of meat and slaughtered products should
be carried out transparently, considering the

sustainability of risk assessment in the food
and feed chains. Currently, the use of probiot-
ic biological product “Subtiform” is relevant in
the production of broiler chicken meat.

The purpose of the study is to conduct a
microstructural analysis of the pectoralis major
muscle of broiler chickens and internal organs
(heart, spleen, liver, stomach muscle tissue,
lungs) after feeding probiotic biologics to broil-
er chickens in different doses.

Literature Review

The use of antibiotics in the rearing of broiler
chickens is harmful to their health, due to the
irrational use and accumulation of residues
in poultry meat and the appearance of anti-
biotic-resistant strains of microorganisms.
Q. Zhu et al. (2021) searched for feed additives
that are functional and beneficial for the health
of broiler chickens and affect their growth and
productivity. The researchers preferred to de-
velop diets containing probiotics, prebiotics,
emulsifiers, organic acids, essential oils, en-
zymes, etc.

Use of enzymatic products, probiotics,
and prebiotics as indicated by G. Vinderola et
al. (2023) and J. Choi et al. (2023) brought
health benefits to animals and humans, con-
sidering their microbiological and chemical
properties, and also had a positive effect on the
microstructure of internal organs and muscle
tissue. M.A. Arain et al. (2022) showed that pro-
biotics added to feeding broiler chickens affect-
ed weight gain, organ growth, and development
of digestive organs, muscle tissue, and their
morphological composition. F.U. Memon et
al. (2022) claimed that probiotic preparations
were easily mixed with feed and water, im-
proved feed intake by broiler chickens and their
immunity, digestive process, increased nutrient
absorption, had antimicrobial effects, and did
not negatively affect the morphological param-
eters of the carcass and internal organs.
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R.Jha et al. (2023) pointed out that improv-
ing the efficiency of feeding broiler chickens,
maintaining the physiological health of poul-
try, and the morphological structure of meat
and internal organs was influenced by the state
of the gastrointestinal tract and immune sys-
tem. Therefore, to regulate the process of feed
digestion, it is necessary to use probiotics in
the poultry diet, which positively affected the
microstructural integrity of the intestine and
the stability of the microbiota. O.M. Chechet et
al. (2022) argued that the use of probiotic drugs
in broiler chickens is a promising area for in-
creasing poultry resistance and productivity,
providing prevention of infectious diseases in
poultry. Researchers also pointed out the pos-
itive effect of the synbiotic drug “Biomagn” on
the productivity and quality of poultry meat, in
particular, on its morphological structure.

When feeding broiler chickens vitamin
supplements containing tocopherol acetate
and ascorbic acid, as indicated by O.I. Vish-
chur et al. (2020), there was an improvement
in lipid synthesis in the liver and their depo-
sition in skeletal muscle, and the preservation
of liver and muscle structure. M.A.M. Shaufi et
al. (2023) and G.M. Suliman et al. (2023) noted
a positive effect of probiotics and their combi-
nations on the gut microbiota of broiler chick-
ens and the structure of muscle tissue and in-
ternal organs that did not change. Z. Zhang et
al. (2023) proved that a probiotic Lactobacillus
johnsonii had therapeutic properties in vari-
ous diseases of poultry, had a positive effect on
their performance, structure of internal organs,
intestines, and muscle tissue. S.L. Weimer et
al. (2018) noted a positive effects of probiotic
preparation and yeast Saccharomyces cerevisi-
ae on the structure of internal organs of broil-
er chickens. S. Aslam et al. (2020) found that
the use of probiotic drugs in the diet of broil-
er chickens not only increased productivity,
but also mobilised all processes in the body at
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the cellular level, improved the physical and
chemical parameters of meat, and the struc-
ture of muscle tissue and slaughter products.
R.N. Soomro et al. (2019) proved that the pro-
biotic mixture “Protexin” as a growth stimula-
tor of poultry increased productivity, improved
health and reduced mortality rate for raising
meat-type quails, and improved the qualitative
and morphological parameters of muscle tissue
and internal organs.

Materials and Methods

The research was conducted in 2022-2023 in
the accredited research laboratory of the De-
partment of the Veterinary and Sanitary Ex-
pertise, Hygiene of Animal Husbandry Products
and Pathological Anatomy called after J.S. Za-
haievskyi and accredited research laboratory
of the Department of Veterinary and Sanitary
Expertise of Institute of Postgraduated Educa-
tion for managers and specialists of Veterinary
medicine of the Bila Tserkva National Agrarian
University.

Samples of the pectoralis major muscle of
broiler chickens and internal organs of the bird
— the heart, spleen, liver, the muscular part of
the stomach and lungs — served as material for
the study. A control group of broiler chickens
was formed in the amount of 20 animals, who
were not given probiotic biologics “Subtiform”,
and three experimental groups (each with 20
animals) — who were given probiotic biologics
with water as follows: chickens of the experi-
mental group 1-0.5 g/10 dm?; experimental
group 2-2.0 g/10 dm?; experimental group
3-4.0 g/10 dm3. The drug was given to broiler
chickens from 28 to 42 days of rearing.

According to the methodology of L.P. Ho-
ralskyi et al. (2015) and the national standard
DSTU 7353:2013 (2014) a microstructural anal-
ysis of the pectoralis major and internal organs
(heart, spleen, liver, stomach muscles, and
lungs) of broiler chickens was performed. At
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least three pieces of the pectoralis major mus-
cle and internal organs, 0.2-0.4 cm thick, were
taken from each sample and placed in dispos-
able labelled plastic cassettes, which were then
placed in a container for fixation with a 10%
aqueous formalin solution.

Subsequently, histological preparations
were made from the selected material and
stained with Carazzi’s hematoxylin and eosin
to identify the main structural elements of
tissues and pathological changes. The histo-
logical specimens were microscoped using an
Axioskop laboratory microscope (Poland) on a
“light field” contrast at 10x, 20x, 40x magnifi-
cation and a colour digital camera Industrial
Digital Camera 8.0MP 1/2.5 Color USB 2.0 with
a resolution of 8.0 MP (Poland), which reflected
the actual magnification of the objects in the
field of view. ToupView software was used to
analyse the image. When stained with Caraz-
zi’s hematoxylin and eosin, the cell nuclei were
stained blue-purple, the cytoplasm - pink-
red. Microstructural analysis of the pectoralis
major, heart, spleen, liver, stomach, and lung
muscles was performed in accordance with
the requirements of the regulatory document
(DSTU 7353:2013, 2014).

Scientific research was conducted in ac-
cordance with requirements of DSTU ISO/
IEC 17025:2005 (2006), EUs Directive 2010/63/
EU on the protection of animals used for sci-
entific purposes (2010) and Law of Ukraine
No. 3447-1V (2006, February).

Results and Discussion

According to histological studies of the pecto-
ralis major muscle and internal organs of broil-
er chickens: heart, spleen, liver, muscle part of
the stomach and lungs, it was found that the
microstructure of the pectoralis major muscle
did not change, but revealed muscles consisting

of relatively large fibres, and others — of smaller
fibres. The nuclei had an elongated-oval shape.
In the striated muscles, the nuclei were located
on the periphery of the cytoplasm, the fibers —
near the sarcolemma and are oriented paral-
lel to it by their long axis. Transverse straight
stripes are visible on clearly longitudinal sec-
tions. But on sections that run slightly oblique-
ly, these stripes are arched (Fig. 1-14).

Along the longitudinal section, the muscle
fibres of the pectoralis major muscle of broil-
er chickens of the control group are the same
thickness and evenly directed (Fig. 1).

Figure 1. Morphologically unchanged
structure of the muscle tissue of the pectoralis
major muscle in the control group
Notes: 1 — muscle fibres are the same thickness, evenly

directed. Staining with Carazzi’s hematoxylin and
eosin, x200
Source: developed by the authors

A uniform pale pink cytoplasm and empty
blood vessels were noted. Rather large nuclei of
elongated-oval shape, light, weakly basophilic,
located closer to the sarcolemma containing
nucleoli were observed. It was also noted that
individual muscles had constrictions, which
preceded their fragmentation. Minor fat layers
were found between the bundles of muscle fi-
bres (Fig. 2).
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Figure 2. Morphologically unchanged
structure of the muscle tissue of the pectoralis
major muscle in the control group
Notes: 1 - constrictions in the muscles; 2 - fat layers.
Staining with Carazzi’s hematoxylin and eosin, x200

Source: developed by the authors

Figure 3 shows the microscopic structure of
the heart muscle of broiler chickens in the con-
trol group. Morphologically unchanged struc-
ture of the heart muscle was noted. The heart
muscle tissue looked like a mass of branching
and anastomosing fibres separated by slit-like
spaces. These fibres were made up of individual
cells connected end-to-end. The slit-like spac-
es between the anastomosing fibres were filled
by the endomysium, where capillaries and lym-
phatic vessels passed closely. The fibres of the
heart muscle are characterised by transverse
striation. Individual heart muscle fibre cells usu-
ally contained a single nucleus, but sometimes
binucleated cells were also found. It was noted
that the nuclei are slightly larger and lighter
than in skeletal muscle fibres and are usually
located closer to the central axis of the fibre.

Thus, Figure 3 shows that the structure of
the heart muscle is preserved: cardiomyocytes
(in longitudinal section) are the same thick-
ness, pale pink with homogeneous cytoplasm.
The nuclei are cigar-shaped, basophilic, with a
moderate chromatin content. The vessels are
moderately dilated and thickened.
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Figure 3. Microscopic structure of the heart
muscleofbroiler chickens from the controlgroup
Notes: 1 —cardiomyocytes (in longitudinal section) are
the same thickness. Staining with Carazzi’s hematoxylin
and eosin, x200

Source: developed by the authors

From the cross-section of the muscles, a
uniform pale pink cytoplasm was noted, the
nuclei in which are moderately basophilic. The
vessels are moderately dilated (Fig. 4).

Figure 4. Microscopic structure of the heart
muscle ofbroiler chickens fromthe control group
Notes: 1 — in a cross-section of the muscle - the
structure is preserved, the cytoplasm is uniformly pale
pink; 2 — vessels are moderately dilated. Staining with
Carazzi’s hematoxylin and eosin, x200

Source: developed by the authors

Histological examination of the spleen of
broiler chickens from the control group revealed
that the structure of the organ is represented
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by a diffuse accumulation of leukocytes at var-
ying stages of differentiation. The vessels are
desolate and moderately dilated (Fig. 5).

Figure 5. Microscopic structure of the spleen
of broiler chickens from the control group
Notes: 1 - diffuse accumulation of leukocytes; 2 —
vessels are moderately dilated. Staining with Carazzi’s

hematoxylin and eosin, x200
Source: developed by the authors

The trabecular base of the spleen is poorly
defined (Fig. 6). Lymphoid nodules do not have
a clear structure.

Figure 6. Microscopic structure of the spleen
of broiler chickens from the control group
Notes: 1 - leukocytes in a state of differentiation; 2 —
vessel. Staining with Carazzi’s hematoxylin and eosin,

x200.
Source: developed by the authors

According to the conducted studies, it was
found that the morphological structure of the
liver of broiler chickens of the control group
did not undergo pathological changes. The liv-
er lobules are usually separated from each oth-
er by layers of loose connective tissue called
interlobular septa or interstices. In the liver
of broiler chickens, interparticle layers were
not visible. Figure 7, 1 show that hepatocytes
are collected in groups of the same type. The
central veins are dessolated (Fig. 7, 2), of mod-
erate size. The cytoplasm of hepatocytes is
uniform, clear, and pink. The nuclei are weak-
ly basophilic. Interstitial vessels are desolate
(Fig. 7, 3) or contain isolated blood cells.

Figure 7. Microstructure of liver hepatocytes
in broiler chickens from the control group
Notes: 1 — hepatocytes; 2 — central vein is desolate; 3 —
interstitial vessels are desolate. Staining with Carazzi’s

hematoxylin and eosin, x200
Source: developed by the authors

Histological examination of the muscular
part of the stomach of broiler chickens was ob-
served (Fig. 8) that the cuticle is represented
by a formed epithelial layer (Fig. 8, 1) under
which a sufficiently wide layer is occupied by
the connective tissue base.
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Figure 8. Formed epithelial layer of the muscle
cuticle parts of the stomach of broiler chickens
from the control group
Notes: 1 - epithelial layer; 2 - submucosal base.
Staining with Carazzi’s hematoxylin and eosin, x200

Source: developed by the authors

Under the stromal base there are muscle
fibres that are loosened by rather voluminous
layers of the mesenchyme (Fig. 9, 1). The ves-
sels are dilated, partially filled with blood
cells (Fig. 9; 10).

Figure 10. Microscopic structure of the
muscular part of the stomach of broiler
chickens from the control group
Notes: 1 -longitudinal section of the muscles. Staining
with Carazzi’s hematoxylin and eosin, x200

Source: developed by the authors

The lower layers of muscles (relative to
the cuticle) are characterised by uniformity,
clear orientation (Fig. 11, 1). The nuclei are
elongated-oval in shape and moderately ba-
sophilic (Fig. 11).

Figure 9. Microscopic structure of the muscular
part of the stomach of broiler chickens of broiler
chickens from the control group
Notes: 1 — loose muscle fibres. Staining with Carazzi’s

hematoxylin and eosin, x200
Source: developed by the authors
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Figure 11. Microscopic structure of the
muscular part of the stomach of broiler
chickens from the control group
Notes: 1 - longitudinal direction of muscle fibres.
Staining with Carazzi’s hematoxylin and eosin, x200

Source: developed by the authors




Microstructural analysis of meat and internal organs...

Histological examination of the lungs of

broiler chickens revealed that the bronchial
tubes largely contained blood cells (possibly
post-slaughter artefacts) (Fig. 12).

Figure 12. Microscopic structure of the lungs
of broiler chicken from the control group
Notes: 1 - bronchial tubes; 2 — shaped elements.
Carazzi’s hematoxylin and eosin, x200

Source: developed by the authors

The structure of the lung tissue was in a
state of compression deformation (Fig. 13).

Figure 13. Compression deformity in the lungs
of broiler chicken from the control group
Notes: 1 - deformed wall of the bronchial tube; 2 — a
vessel containing blood cells. Staining with Carazzi’s

hematoxylin and eosin, x200.
Source: developed by the author

The vessels of the organ contained a sig-
nificant amount of blood cells (possibly poor
exsanguination of the carcass) (Fig. 14, 1).

Figure 14. Microscopic structure of the lungs
of broiler chicken from the control group
Notes: 1 - Dblood cells in the vessels of the lungs. Staining
with Carazzi’s hematoxylin and eosin, x200

Source: developed by the authors

Figures 15 and 16 show the microscop-
ic structure of the pectoralis major muscle of
broiler chickens from experimental group 1. It
was found that according to the longitudinal
projection, the pectoralis major muscles are
uniform, striation was not determined, they
have different thickness, single — minor flask-
shaped thickenings. Most muscle groups are
divided into fairly large fragments (Fig. 15, 1).
The cytoplasm of muscle fibres is weakly eosin-
ophilic and has different intensity. The nuclei,
in most cases, are located closer to sarcolemes,
elongated, of which single ones have acquired a
rounded shape, weakly basophilic.

Figure 15. Pectoralis major of broiler chickens
from experimental group 1

Notes: 1 - muscle fragmentation. Staining with

Carazzi’s hematoxylin and eosin, x200

Source: developed by the authors
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Figure 16. Pectoralis major of broiler chickens
from experimental group 1

Notes: 1 - muscle cytoplasm is weakly basophilic.

Staining with Carazzi’s hematoxylin and eosin, x400

Source: developed by the authors

Figure 17 presents the preserved morpho-
logical architectonics of the heart (epicardium,
myocardium, endocardium) of broiler chickens
from experimental group 1. Cardiomyocytes, in
longitudinal section, are homogeneous, had a
cleardirection, the latter anastomosed with each
other, forming specific branched formations.
Intermuscular connective tissue is moderately
loose (Fig. 17, 2), along the course of the fibres,
there are blood capillaries located in the en-
domysium. The cytoplasm of cardiomyocytes is
pale pink, uniformly homogeneously coloured.
The nuclei are elongated (cigar-shaped), mod-
erately basophilic, and the vessels are desolate.

Figure 17. Microscopic structure of
the heart muscle of broiler chickens from
experimental group 1
Notes: 1 — bundles of muscle fibres; 2 — intermuscular
connective tissue. Staining with Carazzi’s hematoxylin

and eosin, x200
Source: developed by the authors
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According to histological examination
of the spleen (Fig. 18) it was found that leu-
kocytes are diffusely placed throughout the
entire structure of the specimen under study
(Fig. 18, 1) at different stages of differentiation.
Lymphoid nodules are single, clearly defined.
Vessels of various calibre, desolate. The trabec-
ular base is poorly developed.

Figure 18. Microscopic structure of the spleen
of broiler chickens from experimental group 1
Notes: 1 - diffuse placement of leukocytes. Staining with
Carazzi’s hematoxylin and eosin, x200

Source: developed by the authors

The liver microstructure of broiler chick-
ens from experimental group 1 is represented
by unformed groups of hepatocytes (Fig. 19).
Hepatocytes are slightly enlarged and displaced
relative to the basement membrane (Fig. 19, 1),
contained clear eosinophilic cytoplasm of var-
ying intensity. The nuclei of such hepatocytes
are enlarged, the karyoplasm is clear. Intersti-
tial vessels (Fig. 19, 2) and the central veins are
desolate. The bile ducts are clearly developed.
The latter do not have an exosecret.

Microscopic structure of the stomach of
broiler chickens from experimental group 1
(Fig. 20) is represented by the developed ep-
ithelial layer of the cuticle (Fig. 20, 1) under
which a sufficiently wide layer is occupied by
a connective tissue base (Fig. 20, 2). Under the
latter are muscle fibres (Fig. 20, 3), which are
separated by rather voluminous layers of the
mesenchyme.
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The vessels of the organ contain a significant
amount of blood cells (poor exsanguination of
the carcass is possible) (Fig. 22).

Figure 19. Microscopic structure of the liver of
broiler chickens from experimental group 1
Notes: 1 - liver plates; 2 - vessel. Staining with Carazzi’s

hematoxylin and eosin, x400

Source: developed by the authors Figure 21. Microscopic structure of the

muscular part of the stomach of broiler
chickens from experimental group 1
Notes: 1 - loose muscle fibres. Staining with Carazzi’s
hematoxylin and eosin, x200
Source: developed by the authors

Figure 20. Microscopic structure of the
muscular part of the stomach of broiler
chickens from experimental group 1
Notes: 1 - epithelial layer; 2 — submucosal base; 3 -

muscles. Staining with Carazzi’s hematoxylin and eosin,
X200 Figure 22. Microscopic structure of the lungs
Source: developed by the authors of broiler chickens from experimental group 1
Notes: 1 — bronchial tubes; 2 — hemolised erythrocytes.
The vessels are intensively dilated, partial-  Staining with Carazzi’s hematoxylin and eosin, x200
ly filled with blood cells. Figure 21 shows that  Source: developed by the authors
the muscle layers below (relative to the cuticle)

are uniform and loose (Fig. 21, 1), have a certain Figure 23 shows the microscopic struc-
orientation. The nuclei are elongated, moder-  ture of the pectoralis major muscle of broiler
ately basophilic. chickens from experimental group 2 - part

The structure of the lungs was charac- of the pectoralis major muscle is thickened
terised by the fact that the bronchial tubes (Fig. 23, 1), contained pale pink cytoplasm; the
(Fig. 22, 1) largely contain blood cells, possibly  nuclei are weakly basophilic, elongated. Be-
a post-slaughter artefact. The structure of lung  tween the fragments of muscle fibres — layers
tissue in a state of compression deformation. of adipose tissue (Fig. 23, 2)
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Figure 23. Microscopic structure of the
pectoralis major muscle of broiler chickens
from experimental group 2
Notes: 1 — muscle fibres; 2 — layers of adipose tissue.
Staining with Carazzi’s hematoxylin and eosin, x200

Source: developed by the authors

Thickened, partially fragmented muscle
fibres of the pectoralis major (Fig. 24, 1) with
a uniform pale pink cytoplasm, oval-elongated
nuclei with a low chromatin content. Adipose
tissue is placed between individual fragments
of muscle fibres (Fig. 24, 3).

Figure 24. Microscopic structure of the
pectoralis major muscle of broiler chickens
from experimental group 2
Notes: 1 — muscle fibres; 2 — muscle fragmentation; 3 —
adipose tissue. Staining with Carazzi’s hematoxylin and

eosin, x200
Source: developed by the authors

Figure 25 shows that the structure of the
myocardium is preserved: cardiomyocytes (in
longitudinal section) are of the same thickness,
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have a pale pink cytoplasm of uniform density
(Fig. 25, 1). The vessels are moderately dilated
and desolate. According to the cross-section
of the muscles, the structure is preserved (Fig.
25, 2), the cytoplasm is uniformly pale pink, the
nuclei are moderately basophilic.

Figure 25. Microscopic structure
of the heart muscle of broiler chickens
from experimental group 2
Notes: 1 - cardiomyocytes; 2 — the muscle structure
is preserved. Staining with Carazzi’s hematoxylin and
eosin, x200
Source: developed by the authors

Individual muscle fibres are clear and con-
tain an enlarged, rounded nucleus with a low
chromatin content (Fig. 26, 2).

Figure 26. Microscopic structure of the heart
muscle of broiler chickens from experimental
group 2: preservation of muscle structure
Notes: 1 — clear muscle karyoplasm; 2 — muscle fibres.
Staining with Carazzi’s hematoxylin and eosin, x400

Source: developed by the authors
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In the spleen, the white pulp was based on
Iymphoid nodules, and diffusely placed leuko-
cytes were recorded at different stages of differ-
entiation (Fig. 27).

Figure 27. Microscopic structure of the spleen
of broiler chickens from experimental group 2
Notes: 1 — lymphoid nodules; 2 - red pulp; 3 — blood
vessels. Staining with Carazzi’s hematoxylin and

eosin, x200
Source: developed by the authors

Histological studies of the liver showed that
the groups of hepatocytes are slightly enlarged
with a uniform pale pink cytoplasm (Fig. 28, 1,
2). The nuclei of such hepatocytes are rounded
and enlarged. They contained a small amount
of chromatin (Fig. 28).

Figure 28. Follicular structure of the liver of
broiler chickens from experimental group 2
Notes: 1 — hepatocytes; 2 — hypsochromic hepatocytes
with cytoplasm.  Staining with Carazzi’s

hematoxylin and eosin, x400

clear
Source: developed by the authors

The apical part of the gastric cuticle of
broiler chickens from experimental group 2 is

presented in a state of desquamation (peeling
epithelium) (Fig. 29, 1). The cuticle is thinned
(part of the epithelium is replaced by reticular
cells and fibrous structures) (Fig. 29, 2).

Figure 29. Desquamation of the cuticle of
the muscular part of the stomach of broiler
chickens from experimental group 2
Notes: 1 - cuticle desquamation; 2 — epithelium; 3 —
submucosal base. Staining with Carazzi’s hematoxylin

and eosin, x200
Source: developed by the authors

The muscles under the subquicular layer
are clearly divided into bundles, and the muscle
structure is somewhat blurred (some bundles
are thicker, others are thinner), the intermus-
cular tissue is loosened. By the longitudinal
section of the muscles — the latter are swollen,
the structure is uniform, and the nuclei are
mostly rounded, although they contain enough
chromatin (Fig. 30; 31).

Figure 30. Microscopic structure of the
muscular part of the stomach of broiler
chickens from experimental group 2

Notes: 1 - muscles; 2 - bundles of muscle fibres. Staining
with Carazzi’s hematoxylin and eosin, x200
Source: developed by the authors
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Figure 31. Microscopic structure of the
muscular part of the stomach of broiler
chickens from experimental group 2
Notes: 1 — muscles; 2 - bundles of muscle fibres;
3 — loosening of muscles. Staining with Carazzi’s

hematoxylin and eosin, x200
Source: developed by the authors

Figure 32 shows the microscopic structure
of the lungs of broiler chickens from experi-
mental group 2 in a state of compression defor-
mation. The bronchial tubes largely contain
blood cells (possibly a post-slaughter artefact).
The vessels of the organ contain a significant
amount of blood cells (poor exsanguination of
the carcass is possible).

Figure 32. Compression deformity of the
lung structure of broiler chickens from
experimental group 2
Notes: 1-bronchial tubes; 2 — compression deformation
of the lung structure. Staining with Carazzi’s hematoxylin

and eosin, x200
Source: developed by the authors

Fig. 33, 34 show the microstructure of the
pectoralis major muscle of broiler chickens from

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 1

experimental group 3. According to the longitu-
dinal section of the muscles, the following was
recorded: muscle fibres of the same type, iden-
tical in thickness, evenly directed (Fig. 33, 1,
2). The vessels are desolate. The cytoplasm of
muscle fibres is moderately eosinophilic, uni-
formly light pink. The nuclei are elongated-ov-
al in shape, weakly basophilic, located closer to
the sarcolemma, and contain nucleoli. Minor
layers of adipose tissue were found between the
bundles of muscle fibres (Fig. 33, 3).

Figure 33. Microstructure of the pectoralis
major muscle of broiler chickens from
experimental group 3
Notes: 1 — muscle; 2 — longitudinal muscle fibres; 3 —
adipose tissue. Staining with Carazzi’s hematoxylin and

eosin, x200
Source: developed by the authors

Figure 34. Microstructure of the pectoralis
major muscle of broiler chickens from
experimental group 3
Notes: 1 - longitudinal direction of muscle fibres; 2 —
layers of fat. Staining with Carazzi’s hematoxylin and

eosin, x200
Source: developed by the authors
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Figure 35 shows the microstructure of the
heart muscle of broiler chickens from exper-
imental group 3. It was found that the mor-
phological architectonics of the heart were
preserved, cardiomyocytes of longitudinal
shape, uniform, clearly directed, anastomo-
sed with each other, forming specific branched
formations. Intermuscular connective tissue is
moderately loose. Blood capillaries in the en-
domysium are located longitudinally, along the
course of the fibres; the cytoplasm of cardiomy-
ocytes is pale pink, uniformly coloured; the nu-
clei are elongated (cigar-shaped), moderately
basophilic, the vessels are desolate.

Figure 35. Morphological architectonics
of the heart muscle broiler chickens from
experimental group 3
Notes: 1 - cross-section of muscles; 2 — homogeneous
eosinophilic karyoplasm; 3 - anastomoses of muscle
fibres.
eosin, x200

Staining with Carazzi’s hematoxylin and
Source: developed by the authors

Figure 36 shows the microstructure of the
spleen of broiler chickens from experimental
group 3. It was found that the follicular struc-
ture is formed with diffusely placed leukocytes
at different stages of differentiation (Fig. 36, 2).
A significant number of thickened vessels of
various calibre were observed.

Figure 36. Microscopic structure of the spleen
of broiler chickens from experimental group 3
Notes: 1 - homogeneous structure of red pulp; 2 -
leukocytes in a state of differentiation. Staining with
Carazzi’s hematoxylin and eosin, x200

Source: developed by the authors

The microstructure of the liver is repre-
sented by hepatocytes collected in homoge-
neous groups (Fig. 37, 1). The central veins are
desolate and moderate in size. The cytoplasm
of hepatocytes is homogeneous, clear, and pink,
their nuclei are weakly basophilic. The intersti-
tial vessels were desolate or contained isolated
blood cells.

Figure 37. Uniformity of the microscopic
structure of the liver of broiler chickens from
experimental group 3
Notes: 1 — hepatocytes; 2 — preserved structure; 3 —
central vein. Staining with Carazzi’s hematoxylin and

eosin, x200
Source: developed by the authors
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Figure 38 shows the microscopic structure
of the muscular part of the stomach of broiler
chickens from experimental group 3.

Figure 38. Microscopic structure of the
muscular part of the stomach of broiler
chickens from experimental group 3
Notes: 1 - cuticle; 2 — connective tissue base; 3 —
homogeneous muscles. Staining with Carazzi’s

hematoxylin and eosin, x200

Source: developed by the authors

The cuticle of the muscular part of the
stomach of broiler chickens contained a formed
epithelial layer (Fig. 38, 1) under which a suffi-
ciently voluminous part of the connective tis-
sue base layer is placed (Fig. 38, 2). Both layers
of the muscular part of the stomach of broiler
chickens form single, well-defined folds. Under
the mesenchymal base of the cuticle are mus-
cle fibres, which in some places are loosened by
insignificant layers of the stroma. The vessels
are dilated, partially filled with blood cells. Be-
low (relative to the cuticle), the muscle layers
are uniform and have a certain orientation. The
nuclei are elongated-oval in shape, moderately
basophilic (Fig. 39).

The microscopic structure of the lungs of
broiler chickens from experimental group 3 is
shown in Figures 40, 41. The bronchial tubes
of the lungs contain blood cells, possibly as a

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 1

post-slaughter artefact (Fig. 40; 41, 1). The ves-
sels of the organ contained a significant amount
of blood cells (possibly poor exsanguination of
the carcass) (Fig. 40, 2).

Figure 39. Uniformity of the microscopic
structure of the muscle part of the stomach of
broiler chickens from experimental group 3
Notes: 1 — longitudinal muscle section. Staining with
Carazzi’s hematoxylin and eosin, x200

Source: developed by the authors

Figure 40. Microscopic structure
of the lungs of broiler chicken
from experimental group 3
Notes: 1 - bronchial tubes of the lungs; 2 —blood cells.
Staining with Carazzi’s hematoxylin and eosin, x200
Source: developed by the authors

The structure of the lung tissue was in a
state of compression deformation (Fig. 41, 2).
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Figure 41. Microscopic structure of the lungs
of broiler chicken from experimental group 3
Notes: 1 — bronchial tubes of the lungs; 2 — structure
of the lungs in a state of compression deformation.
Staining with Carazzi’s hematoxylin and eosin, x200

Source: developed by the authors

Researchers M. Angelovicova et al. (2016)
argue that due to the use of phytogenic ad-
ditives and nutraceuticals in feeding broiler
chickens, the chemical composition of the pec-
toralis major and femoral muscles of carcasses
improved. In particular, a significant increase
in protein content by 3.05% (P<0.001) and fat
content by 2.9% (P<0.001) was observed in the
meat of this bird, which positively affected the
morphological parameters of muscle tissue. The
researchers did not note pathological changes
in the form of granular dystrophy in the mus-
cle tissue of broiler chickens and degeneration
of internal organ tissues. In general, based on
the conducted histological studies, they noted
a positive effect of phytogenic additives and
nutraceuticals on the development of internal
organs of broiler chickens. Thus, the structure
of the heart muscle was preserved. Cardiomyo-
cytes had the same thickness, pale pink colour
with uniform cytoplasm, basophilic nuclei with
moderate chromatin content, slightly dilated
and thickened vessels. In the muscular part of
the stomach, the cuticle was represented by a
developed epithelial layer, below which a sig-
nificant layer of connective tissue base was

found. No pathological changes were detected
in the liver, namely: the hepatic lobules of the
gland were separated from each other by layers
of connective tissue, including no interparticle
layers. The structure of the spleen was marked
by a diffuse accumulation of leukocytes at dif-
ferent stages of differentiation. Thus, the data
of researchers correlated with the results ob-
tained experimentally, according to Fig. 35-39.
The results obtained from this study co-
incide with the results of V.G. Stoyanovskyy et
al. (2020), who found that when the probiot-
ic “Laktin” was added to the diet with plant-
based preparations, the morphological struc-
ture of the pectoralis major muscle of broiler
chickens was characterised by the same type
of muscle fibres, uniform orientation and
looseness of the intermuscular connective tis-
sue, which contained layers of adipose tissue.
These morphological parameters corresponded
to the author’s results of experimental tests in
the control group (Fig. 1, 2) and experimen-
tal groups of broiler chickens: 1 - Fig. 15, 16;
2 — Fig. 23, 24; 3 — Fig. 33, 34. The researchers
also established a morphologically unchanged
structure of the heart muscle, the same size of
cardiomyocytes with a uniform pink cytoplasm
and basophilic nuclei. Histological examina-
tion of the liver revealed that the hepatocytes
were gathered in similar groups, the intersti-
tial vessels and central veins were desolate,
and in some places single blood cells were
found, which confirmed the results of the tests
with the probiotic. Thus, Figure 7, 1 shows that
hepatocytes in the liver are collected in the
same type of groups, the central veins are des-
olate (Fig. 7, 2) and of moderate size. The cy-
toplasm of hepatocytes is homogeneous, clear,
and pink, the nuclei are weakly basophilic, the
interstitial vessels are desolate. The vessels of
the lung tissue contained a significant amount
of blood cells, which indicated non-compliance
with veterinary and sanitary requirements
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when slaughtering broiler chickens and ,as a
result, poor exsanguination of poultry carcass-
es. According to the results of the study, similar
data were obtained, in particular, a significant
number of blood cells were found in the vessels
of the organ, which may be due to poor exsan-
guination of the carcass (Fig. 14,1; 22; 32; 40).
The structure of the lung tissue was in a state
of compression deformation (Fig. 41, 2), which
is also confirmed by researchers.

As noted by G. Vinderola et al. (2023), the
use of probiotic drugs in the poultry diet had a
positive effect on the morphological structure
of the muscle tissue of the pectoralis major,
femoral and cardiac muscles, and desolate ves-
sels were also detected in the structure of the
spleen. It was found that in the structure of the
spleen of the control group of birds, the vessels
are desolate and moderately dilated, the tra-
becular base of the spleen is poorly developed
(Fig.6).Figure 36 shows the uniformity of the red
pulp structure in the spleen of the experimental
group 3 of broiler chickens (Fig. 36, 1) and leu-
kocytes in a state of differentiation (Fig. 36, 2).

But the microstructure of the liver did not
change, but the interstitial vessels contained a
small amount of blood cells. The researchers
found that the microstructure of the muscu-
lar part of the stomach for the use of probiotic
drugs in broiler chickens is represented by the
formed epithelial layer of the cuticle, a wide
layer of intermuscular connective tissue with-
out pathological changes, which coincides with
the results obtained in this study. ]J. Choi et
al. (2023) indicated that probiotic drugs had a
fairly positive effect on the development of the
pectoralis major muscle of broiler chickens in
the intermuscular connective tissue of which
small layers of adipose tissue with muscle fibres
of the same size were found. No pathological
changes were detected in the heart muscle, and
microstructural analysis of the lungs revealed
that the bronchial tubes contained blood cells.
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These data are also confirmed by the study —
there are 3 broiler chickens in the experimental
group, as shown in Figures 40; 41, 1, blood cells
were found in the bronchial tubes of the lungs
(possibly a post-slaughter artefact). Moreover,
the vessels of the organ contained a significant
amount of blood cells, probably due to poor
exsanguination of the carcass (Fig. 40, 2). Re-
searchers have noted that in the cross-section
of the spleen, there were no small accumula-
tions of leukocytes, and the microstructure of
the liver remained unchanged.

The results of the study presented in this
paper are also consistent with the results ob-
tained by Y. Zhao et al. (2020), who claimed
that when feeding broiler chickens a dietary
probiotic Bacillus licheniformis H2 an increase
in poultry productivity, improved immune sta-
tus, and also had a positive effect on the micro-
structure of skeletal muscles and other internal
organs, in particular the liver, heart muscle,
and lungs, were observed. T. Yang et al. (2023)
proved that the addition of probiotic drugs to
the diet of broiler chickens led to rational di-
gestion of feed and improved nutrient absorp-
tion. In turn, this affected the improvement of
the quality indicators of meat and offal — an in-
crease in water content by 2.9% (P<0.001), fat
by 3.2% (P<0.001), protein by 3.2% (P<0.001),
and their micromorphological characteristics —
the development of the pectoralis major muscle
with layers of adipose tissue, which is consist-
ent with the results of microstructural anilisa-
tion described in this paper (Fig. 34, 1; 34, 2); in
the liver, hepatocytes were collected in groups
of the same type, their cytoplasm looked uni-
form, clear and pink, the nuclei had weak ba-
sophilicity and empty interstitial vessels, which
correlates with the data of this study (Fig. 37, 1;
37, 2); the spleen also had empty blood vessels,
and its trabecular base looked underdeveloped,
as shown in Fig. 36, 1; 36, 2; the bronchial tubes
of the lungs contained blood cells, as shown
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in Fig. 40, 1, 40, 2; the muscular part of the
stomach was well developed, had a sufficiently
formed epithelial layer and a voluminous layer
of connective tissue base, which corresponded
to the results of this study (Fig. 38, 1; 38, 2).

To achieve an optimal effect, it is neces-
sary to make a choice in favour of probiotic
strains of microorganisms Bacillus subtilis and
Bacillus licheniformis. ]. Karavolias et al. (2018)
noted that the national policy of most Europe-
an countries is aimed at growing animals and
poultry are free of antibiotics, and therefore,
the use of probiotics is an alternative in animal
husbandry, in particular in poultry farming. Re-
searchers claimed a pronounced positive effect
of probiotics on the well-being of broiler chick-
ens, preventing the occurrence of infectious
diseases, and improving the safety and quality
of slaughter products.

A. Sharma et al. (2019) emphasised that,
guided by European regulations, in par-
ticular Regulation of the European Union
No. 625 (2017), veterinary inspectors should
identify the risks associated with production,
in particular, the inclusion of probiotic drugs in
the poultry diet that affect their health and pro-
ductivity, and control the circulation of meat
and slaughter products of broiler chickens. For
the implementation of the traceability system,
which is an integral part of the functioning of
the HACCP system, at the poultry meat produc-
tion facility, it is necessary to follow the basic
requirements for establishing dangerous risks
at all stages of production and sale of broiler
chicken slaughter products in accordance with
the requirements of Regulation of the Europe-
an Union No. 765 (2008).

The Rapid Alert System for Food and Feed
(RASFF) has provided the competent control
authorities with an effective tool for exchanging
information on sanitary and hygienic measures
to ensure the safety of feed and feed additives
that have affected the safety of broiler chicken

slaughter products in accordance with the re-
quirements of the regulatory document Regu-
lation of the European Union No. 1020 (2019).
The results obtained were consistent with the
requirements of this document. Thus, having
studied the effect of the probiotic “Subtiform”
in different doses on the microstructure of the
pectoralis major muscle and internal organs of
broiler chickens, certain structural and mor-
phological differences were found in the or-
gans, which led to the following conclusions.

Conclusions

According to microstructural changes in the
pectoralis major muscle and internal organs
(heart, spleen, liver, stomach muscle, lungs)
of broiler chickens, the most favourable effect
of the probiotic biological product at a dose of
4.0 g/10 dm3 of water was found (experimen-
tal group 3). The microscopic structure of the
pectoralis major muscle of broiler chickens did
not change, in particular, the muscle fibres did
not differ in thickness, they were evenly direct-
ed, the cytoplasm was uniformly pale pink and
fat layers were visible; the intermuscular con-
nective tissue was somewhat loosened, and the
blood capillaries in the endomysium followed
the fibres. The structure of the heart muscle
has been preserved, its cytoplasm is uniformly
pale pink, the nuclei are moderately basophilic,
cardiomyocytes in the longitudinal section are
of the same size, and the vessels are desolate.
Histological examination of the spleen re-
vealed that the microstructure of the organ is
represented by a diffuse accumulation of leu-
kocytes at different stages of differentiation.
At the same time, thickened vessels of various
calibres were found in significant quantities.
It was also proved that the microstructure of
the liver of broiler chickens did not change
after feeding the probiotic biological product
“Subtiform”. It was found that the hepatocytes
were gathered in groups of the same type, the
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central veins and interstitial vessels were deso-
late or contained single blood cells. The micro-
structure of the muscular part of the stomach
of broiler chickens is formed by the epithelial
layer of the cuticle, under which a fairly wide
layer of connective tissue base is placed, form-
ing single, clearly formed folds. The vessels are
dilated, slightly filled with blood cells, muscle
fibres are located under the mesenchymal base
of the cuticle, which are somewhat loosened by

blood cells (poor exsanguination of the carcass
is possible). It is suggested that histological ex-
amination is an important method for identify-
ing possible pathological changes in the organs
of broiler chickens, which can lead to a decrease
in their productivity, product quality, and asso-
ciated risks. In the future study, it is planned to
conduct microbiological tests of broiler chicken
slaughter products with the use of a probiotic
biological product.

insignificant stroma layers. Histological exami-
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AHoranig. IIpobioTnuHmii mpemapaT i3 ymicrom 6akrepiit pomy Bacillus subtilis i Bacillus
licheniformis 3aCTOCOBYETBHCSI TIPYU TOMiBJIi KypuaT-OGpoitiepiB IJs MOKpAIIeHHs MepeTpaBaeHHs
KOpMY, 3aCBOIOBAHOCTI MOXKMBHUX PEUOBMH, MiJBUIIEHHS IMYHHOTO CTaTyCy Ta MPOAYKTUBHOCTI,
a TakoX [yst mpodimakTukM i JIiKyBaHHS DPi3HOMaHIiTHMX XBOpo6 mnTuli. Mera pobotu -
MPOBECTU TiCTOJOTIUHI JOCTIIKeHHS MPOLYKTIB 326010 KypuaT-6poiiiepiB mpu 3acTOCYBaHHI iM
npob6ioTuuHoro 6iompemnapaty B mo3ax: 0,51, 2,0,14,0 r va 10 ;m3 Boau. MaTepiasn JOCTiI3KyBaIu
riCTOJIOTiYHMM METONOM. BCTaHOBJIEHO, IO M’SI30Bi BOJIOKHA Y BEIMKOMY TPYIHOMY M sI3i
OIHOTUIIOBi, PIBHOMipHO HAaIlpaBJIeHi, IMTOIJIa3Ma M’SI30BMX BOJIOKOH ITOMipHO €03MHOMi/IbHA,
OIHOPiTHO-CBIT/IO-POXKeBa, MK ITydyKaMy M’SI30BMX BOJIOKOH BUSIBJIEHO HE3HAUHi MPOIIAPKU
skMpoBoi TKaHMHMU. MopdosoriyHa apxiTeKTOHiKa cepieBOro M’siza 36epeskeHa, KapLioMiOLUTH
OIHOPiJIHi, MalOTh UiTKY CIPSIMOBaHicTh. [Ipy 11bOMY, He3MiHeHa MiKpPOCTPYKTypa [1eUiHKM KypuarT-
OpoiiyepiB: remaToMTH 3i6paHi B OAHOTUITHI TPYITN; LIEHTPaJIbHI BEHM 3aITyCTi/Ii ; IMTOTUIa3Ma IUX
KJIITMH OHOPiIHA, TPOCBiTIeHA, POKeBa, siapa cinabo 6a3odinbHi. Y cenesinii homikynsapHa CTpyK-
Typa odopmiieHa, nudy3HO po3MilleHi TeMKOIUTY Ha Pi3HUX eTanaxX AudepeHIIiloBaHHS ; CYIVHU
y 3HauHii KiJbKOCTI, 3aryctifii, pisHoro kani6py. KyTukyna M’s130BOi 4aCTMHM NIUTYHKA MiCTUTD
chopmoBaHMit emiTenianbHMIt 1Iap, BUsBIeHa 06’€MHA YaCTHHA MTPOIIAPKY CITOMYYHOTKAHMHHOL
OCHOBM; TIiJ, Me3eHXiMaJbHOI0 OCHOBOIO KYTMKY/IM DO3TallloBaHi M’s130Bi BolOKHa. JlereHi 3a
MOpP(]OIOTiYHOI0 CTPYKTYPOK MalOTh OPOHXia/bHI TPyOOUKM IO BCiii CTPYKTYpi, SIKi MiCTSTh
(dbopmeHi ereMeHTH KPOBi. 3a pe3ynbTaTamMu MPOBeAeHNX AOCTiKeHb BCTAHOBJIEHO CIIPUSI TIUBUIA
BIUIMB pob6ioTyHOTO 6iompenapaty B 103i 4,0 r/10 am® Boay Ha MOPGOJIOTi0 BEIMKOTO IPYHOTO
M’s13a Ta BHYTPIIlIHiX opraHiB KypuaT-6poitnepis. Tomy, mpo6ioTuxk y mosi 4,0 r/10 nm3 Boau Tif,
yac BUIOIOBAHHS KypyaT-6poiiiepiB MOKHA PeKOMEHAYBATH /IS MiABUIIEHHS TTPOAYKTUBHOCTI
Ta OTpUMMaHHSI 6e3MeUHMX MPOAYKTiB 3a6010. [IpakTMyHA 3HAUMMICTh OTPUMAaHMX Pe3y/bTaTiB
MOJISATa€E y BM3HAUEHHI 0COGMMBOCTEN BIUVIMBY BUIIOIOBAHHS MTULI Pi3HMX 03 MPO6GIOTMKY Ha
MiKpPOCTPYKTYPY MPOAYKTiB ii 326010, 1110 BasKJIMBO JJIs1 OTPUMAaHHSI Haiikpaioro eexry Biz itoro
3aCTOCYBaHHS

KiiouoBi cioBa: MTHlls; BEIUKUI TPYIHMIA M’S13; TPOAYKTM 3a6010; TiCTOMOTIUHI JOCTiIKEHHS;
Mopdosorist; mpo6ioTuK
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