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THE EFFECT OF PROBIOTIC MICROORGANISMS

ON CATALASE ACTIVITY, FRACTIONAL COMPOSITION
OF SOLUBLE PROTEINS, AND INTESTINAL MICROBIOTA
OF HONEY BEES

Recently, there has been a trend toward the use of new effective natural preparations to fight diseases and improve the
health of honey bees. It is also known that a well-balanced structure of the intestinal microbiota of honey bees is the basis
for their growth, development, strengthening of the immune response, and resistance to infections. It has been established
that some strains of lactic acid bacteria that have antibacterial, anti-inflammatory, and immunomodulatory properties,
are promising for the development of broad-spectrum probiotic preparations based on them. Therefore, the aim of the
work was to determine the effect of probiotic strains Lactobacillus casei IMV B-7280 and L. plantarum IMV B-7679 on
catalase activity, protein content and protein profile of hemolymph, as well as microbiota spectrum of different parts of
the intestines of Apis mellifera honey bees. Methods. To conduct the research, a control and two experimental groups
of 60-90 bees each were formed. The bees of the control group were fed 60% sugar syrup + 1 mL of distilled H,O for 28
days. The experimental group of bees D1 received 1 mL of 60% sugar syrup + 1 mL of aqueous suspension containing
cells of the L. casei IMV B-7280 strain at a concentration of 1-10° CFU/mL every day; experimental group of bees D2,
in addition to 1 mL of 60% sugar syrup, received 1 mL of aqueous suspension containing cells of L. plantarum IMV
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B-7976 strain at a concentration of 1-10* CFU/mL. Catalase activity of the whole organism tissues was determined us-
ing the ability of hydrogen peroxide to form a stable colored complex with molybdenum salts on a spectrophotometer at a
wavelength of 410 nm against water. The amount of protein in the whole organism tissues was determined by the Lowry
method. The content of total protein in the body of bees was carried out according to the Kjeldahl method. Determina-
tion of the content of individual fractions of soluble proteins of the hemolymph was carried out by the method of vertical
electrophoresis in a 7.5% polyacrylamide gel. The relative content of protein fractions was determined using the TotalLab
TL120 program and expressed as a percentage of the total pool. To determine the qualitative and quantitative spectrum
of the gut microbiota of bees, the hindgut and midgut were sampled (separately) from bees of control and experimental
groups. The obtained samples were plated on eight selective solid media for cultivation of different groups of microorgan-
isms. Results. A tendency to increase the catalase activity of bee tissues after 28 days of L. casei IMV B-7280 strain use
and a consistently higher activity of this enzyme throughout the experimental period under the action of L. plantarum
IMV B-7679 strain was established. In the control group of 28" days, the content of bees and catalase activity remained
at a constant level. It was shown that on the 14" day and total protein in the body of bees that received L. casei IMV
B-7280 strain increased significantly. Water-soluble fractions of hemolymph proteins were found in bees of both groups:
y-globulins, 3-globulins, a2-globulins, and a1-globulins. It should be noted that the albumin fraction was not detected. It
has been shown that the hindgut contains a much larger number of microorganisms than the midgut. The use of L. casei
IMV B-7280 strain led to an increase in the number of lactic acid bacteria and bifidobacteria in both parts of the gut,
as well as to a decrease in the number of staphylococci, streptococci, and microscopic fungi. The use of L. plantarum
IMV B-7679 strain had a similar effect, but the changes in the composition of gut microbiome were less pronounced.
Conclusions. The use of probiotic strains L. casei IMV B-7280 and L. plantarum IMV B-7679 for feeding bees under the
conditions of a laboratory thermostat led to quantitative changes in the composition of the intestinal microbiota of bees,
namely an increase in the number of lactic acid bacteria and bifidobacteria, as well as a decrease in the number of some
other groups of microorganisms in the gut. Probiotic strains stimulated catalase activity of bee’s body tissues, increased
the level of total protein, and did not significantly affect the ratio of hemolymph protein fractions.

Keywords: Apis mellifera bees, lactobacilli, catalase, protein fractions, hemolymph, intestinal microbiome spectrum.

The honey bee (Apis mellifera L.) plays an impor-
tant role in biodiversity conservation, ecosystem
stability, and agricultural production through
pollination, which contributes to increased
yields. The bees are important producers of safe
and ecological products — wax, pollen, royal
jelly, propolis, etc.

Modern beekeeping is not limited to the
production and profit from the sale of honey
and other products. Large losses of the popu-
lation of honey bees A. mellifera over the past
decades threaten catastrophic consequences for
both the ecosystem and food security of various
countries. Particular attention is paid to identi-
tying factors that worsen the morphofunctional
state of bees.

It has been shown that stress factors of abi-
otic, biotic, and anthropogenic origin (parasites,
viruses, pesticides, insecticides, heavy metals,
climate change, etc.) disrupt physiological pro-
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cesses in the body of A. mellifera, suppressing
their immunity, which leads to the death of en-
tire colonies [1—3].

It becomes clear that the immune system of
bees becomes very vulnerable under such con-
ditions, therefore the search for mechanisms
of activation of the defense systems of honey
bees is extremely relevant. Defense responses
of the honey bee include both cellular and hu-
moral responses, combining many interrelated
systems such as antibacterial peptides, hemag-
glutinins, phenoloxidase, and the antioxidant
system (AOS).

One of the factors that negatively affects the
health of bees and the development of colonies
and causes their death is the deterioration of the
forage base. A slight violation of the component
composition or a lack of food can weaken the
immune system of bees and make them more
vulnerable to the use of chemicals and diseases
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of various origins. This situation promotes the
excessive generation of reactive oxygen species
(ROS), which in turn leads to the development
of oxidative stress.

Oxidative stress is an important process that
can cause serious negative consequences in eu-
karyotic organisms. ROS are formed during
normal metabolic processes and are responsible
for oxidative stress. To prevent or reduce oxida-
tive stress caused by ROS, insects use various
enzymatic mechanisms that cause oxidative in-
activation (superoxide dismutase, catalase, and
peroxidase) or removal of ROS at the intracellu-
lar level with the help of glutathione peroxidase
and glutathione reductase enzymes [4, 5]. One of
the main enzymes that neutralize hydrogen per-
oxide is catalase, which is sensitive to external
stimuli, which makes it possible to consider this
enzyme as an indicator of the general state of the
antioxidant system [5, 6].

Recently, various fungicides, antibiotics, het-
erocyclic organic compounds (indoles), and bac-
teriophages [7] have been used to combat honey
bee diseases, which is promising for controlling
the growth of pathogens both in vitro and in
vivo. In addition, in many EU countries, the use
of antibiotics in beekeeping is prohibited by law
[8] due to the risks of the spread of antimicrobial
genes [9, 10].

Therefore, there is a tendency to use new ef-
fective means of the natural origin for combating
diseases and improving the health of honey bees,
which helps to avoid many side effects, since
their mechanisms of action differ from synthetic
ones due to the activation of the body’s protec-
tive reactions at the physiological level [11, 12].

It is known that a well-balanced structure
of the intestinal bacterial microbiota of honey
bees is the basis for their growth, development,
strengthening of the immune response, and re-
sistance to pathogens [13, 14].

It has been established that the lactic acid
bacteria strain Lactobacillus casei IMV B-7280,
which has antibacterial, anti-inflammatory, and
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immunomodulatory properties, is promising for
the development of probiotic preparations [15].
It is recommended to make dietary supplements
and medicines based on this strain for the pre-
vention and treatment of infectious, inflamma-
tory, and other diseases.

The L. casei IMV B-7280 strain is character-
ized by effective therapeutic action associated
with the normalization of intestinal bacterial
microbiota and participation in the modulation
of inflammatory reactions. Its selective positive
effect on factors of innate immunity, cellular im-
munity, and cytokine profile was also noted [16].

After entering the gastrointestinal tract, mi-
croorganisms with probiotic properties exert
both a direct effect on pathogenic and opportu-
nistic microorganisms and an indirect effect by
activating specific and non-specific protective
systems of the organism.

So, the aim of this study was to determine
the influence of probiotic strains L. casei IMV
B-7280 and L. plantarum IMV B-7280 on the
catalase activity, protein content, protein profile
of hemolymph, and spectrum of the intestinal
microbiome of bees.

Materials and methods. The research was
conducted on honey bees of the Carpathian
breed from the laboratory apiary-vivarium of
the Institute of Animal Biology of the National
Academy of Agrarian Sciences of Ukraine. Ly-
ophilized probiotic strains L. casei IMV B-7280
and L. plantarum IMV B-7976 were used in the
research. These strains were previously isolated
in the Department of Problems of Interferon and
Immunomodulators of the Zabolotny Institute
of Microbiology and Virology of the National
Academy of Sciences (ZIMV NAS) of Ukraine
from the associated culture of biological material
and deposited in the Ukrainian collection of mi-
croorganisms of the ZIMV NAS of Ukraine. Be-
fore each experiment, the viability of lyophilized
strains was checked by monitoring their growth
on Man-Rogosa-Sharpe agar (MRSA) medium
at 37 °C for 24—48 h.
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To conduct the research, a control and two
experimental groups, D1 and D2, of 60-90 bees
each, similar in weight and age, were formed.
In the summer-autumn period, Bees of the
control group (C) were fed 60% sugar syrup
(SS) + 1 mL of distilled H,O in the amount of
1 mL/group/day. Group D1 received 1 mL of
60% SS + 1 mL of L. casei IMV B-7280 cell sus-
pension in distilled water at a concentration of
1-10° colony-forming units (CFU)/mL every
day, and Group D2, in addition to 1 mL of 60%
SS, received a cell suspension of probiotic strain
L. plantarum IMV B-7976 at a concentration of
1-10* CFU/mL. Bees of the control and experi-
mental groups were kept in cages with a volume
of 4 dm? in similar conditions of the TS-80M-3
laboratory thermostat with microventilation at
a temperature of 30 °C and humidity of 74—
76% for 28 days of the study.

After the end of the experiment, 25 bees were
taken from each group. To prepare the homog-
enate of the whole organism of honey bees, they
were crushed and three parallel samples were
formed. A group of bees weighing 0.5 g was ho-
mogenized with NaCl in a ratio of 1:10 using a
homogenizer (Homogenizer Type 302, Poland)
on ice. The samples were centrifuged at 3000 g
for 5 min. The supernatant was used for further
enzymatic measurement. The activity of catalase
(1.11.1.6) was determined using the ability of
hydrogen peroxide to form a stable colored com-
plex with molybdenum salts on a spectropho-
tometer (Unico, USA) at a wavelength of 410 nm
against water [17]. The amount of protein in the
extract was determined according to the Lowry
method [18] using a set of reagents (IE Danysh,
Ukraine). Catalase activity was calculated in
pgMol/min-mg of protein. The content of total
protein in the body of bees was determined ac-
cording to the Kjeldahl method [19].

For the selection of hemolymph, honey bees
were gradually cooled in a refrigerating chamber
at -1 °C. 10 bees were selected from each group
and mechanically fixed in a Petri dish. Hemo-
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lymph was collected using insulin syringes,
puncturing the body of the bee between the third
and fourth tergite from the dorsal surface. The
selected hemolymph was diluted with electrode
buffer (pH 8.3) in a ratio of 1:2. The content of
individual fractions of soluble hemolymph pro-
teins was determined by the method of vertical
electrophoresis in a 7.5% polyacrylamide gel
TL120 program (Nonlinear Dynamics Limited,
Great Britain) and expressed as a percentage of
the total pool.

To determine the qualitative and quantitative
spectrum of the gut microbiota of bees, before
the start of the experiment and on the 14 and
28 days, the midgut and hindgut were sampled
(separately) from the bees of each experimental
and control group. The obtained samples were
homogenized in a sterile 0.15 M NaCl, and serial
10-fold dilutions from 10! to 10”7 were made for
each sample. Then 100 pL of appropriate dilution
was plated on a selective agar medium for culti-
vation of each of the groups of microorganisms:

» Meat-peptone agar (MPA) for aerobic and
facultative anaerobic bacteria,

» BAIRD-PARKER-Agar (Merck, Germany)
for Staphylococcus spp.,

» KF-Streptococcus agar (Merck, Germany)
for Streptococcus spp.,

= MRSA (HiMedia, India) for lactic acid bac-
teria,

» Bifidobacterium agar (BA, HiMedia, India)
for Bifidobacterium spp.,

= Endo (HiMedia, India) for coliform bacteria,

= Sabouraud agar (HiMedia, India) for micro-
scopic fungi,

» Pseudomonas agar (HiMedia, India) for
Pseudomonas spp.

Plates were incubated at the appropriate con-
ditions, and colonies of typical morphology for
each microorganism group were counted. The
data were expressed as Lg of CFU in 1 mg of a
tested sample [21, 22].

The research was conducted in accordance
with the «General Ethical Principles of Ani-
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mal Experiments» (VII National Congress of
Bioethics, Kyiv, 2019) and the European Con-
vention on the Protection of Animals Used for
Experimental and Other Scientific Purposes
(Strasbourg, 1986).

All obtained digital data were processed us-
ing the computer program STATISTICA and
the method of variational statistics, as well as
the Excel program from Microsoft Office-2007
and 2010. Numerical data are presented as the
arithmetic mean (M) and standard error (+ m).
Differences between groups were considered sta-
tistically significant at p <0.05.

Results. The comparative study results in-
dicate the stimulating effect of both probiotic
strains, L. casei IMV B-7280 and L. plantarum
IMV B-7976, on the catalase activity of the en-
tire body tissues of bees (Fig. 1). In particular, on
the 14'" day of the use of probiotics, the catalase
activity of body tissues was 125.6% (P < 0.05) in
Group D1 and 133.4% in Group D2 compared to
the control (P < 0.01).

Further use of probiotic strains with sugar
syrup in the feeding of bees maintained a higher
level of catalase activity of their tissues, which on
the 28t day amounted to 129.9% (P < 0.05) in
Group D1 and 134.0% in Group D2 compared to
the control (P < 0.01).

Analysis of the results presented in Fig. 2 con-
firms the changes during the experimental pe-
riod in the content of total protein in the tissues
of the whole organism of bees that were added
with L. casei IMV B-7280 or L. plantarum IMV
B-7679 to sugar syrup.

Thus, the content of total protein in bees of
Group D1 increased on the 14 and 28t days by
11.1% (P < 0.05) and 16.4% (P < 0.01), as com-
pared to the control group.

In the bees of Group D2, the content of total
protein also increased, but these differences were
unreliable, which may indicate the absence of a
significant effect of L. plantarum IMV B-7679 on
the concentration of proteins in bee tissues. It is
known that proteins are a labile system that re-
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flects the state of the body as well as the changes
that occur in it under the influence of internal
and external factors.

The results of analysis of the effects of probiot-
ic strains L. casei IMV B-7280 and L. plantarum
IMV B-7679 on the body of bees showed detect-
ed fractions of proteins that correspond to the
literature data regarding their electrophoretic
mobility in a polyacrylamide gel of blood serum
proteins of mammals: y-globulins, -globulins,
a2-globulins, and al-globulins (Table 1).

The highest level was established for
B-globulins  (71.29—72.76%), followed by
y-globulins (10.30—11.74%), a2 (8.93—9.92%),
and al-globulins (6.70—8.04%), respectively.
The detected changes in the ratio of the indi-
cated protein fractions in the control and ex-
perimental groups are not reliable. Therefore, it
can be assumed that the addition of L. casei IMV
B-7280 and L. plantarum IMV B-7679 to SS for
the experimental groups of bees did not signifi-
cantly affect the ratio of protein fractions of bee
hemolymph.

Microbiological studies of the midgut of bees
showed that on the 0 day of the study (prepa-
ratory period) in all groups and throughout the
entire period of the experiment in the control
group, a wide range of microorganisms of dif-
ferent groups was represented in the intestines,
in particular, staphylococci, streptococci, mi-
croscopic fungi, and coliform bacteria (Table 2).
Pseudomonads were detected only in two sam-
ples of the midgut of bees of the control and ex-
perimental groups in the preparatory period (0"
day) in small quantities.

The use of both probiotic strains led to a de-
crease in the number of aerobic and facultative
anaerobic microorganisms in the midgut on the
14" and 28™ days in bees receiving probiotic
strain L. casei IMV B-7280 (Group D1) and on
the 28t day in bees receiving L. plantarum IMV
B-7679 (Group D2). The number of staphylo-
cocci and streptococci in the midgut decreased
only under the influence of L. casei IMV B-7280
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strain (Group D1) on the 14" —28t% days and on
the 28t day, respectively.

It should be noted that the use of both probi-
otic strains did not reduce the number of coli-
form bacteria, which are representatives of the
normal microbiota. On the contrary, the use of
L. casei IMV B-7280 strain increased their num-
ber in the midgut on the 28 day of the study.

The number of microscopic fungi decreased
on the 14" and 28™ days after the use of both
probiotic strains; on the 28" day in Group D2,
microscopic fungi were not detected at all. Pseu-
domonads were not identified in the midgut on
the 14" and 28™ days after the use of both Lac-
tobacillus strains.

The number of lactic acid bacteria in the bee
midgut was significantly higher than that for
the control in both groups receiving probiotic
strains, both on the 14" and 28" days (Fig. 3).
The number of bifidobacteria increased in the
group of bees receiving L. casei IMV B-7280
during the entire observation period, and in the
group receiving L. plantarum IMV B-7679 only
on the 28" day.

It was shown that in the hindgut of bees of the
control group, the number of microorganisms
was greater than in the midgut (Table 3).

The use of both probiotic strains led to a de-
crease in the number of aerobic and facultative
anaerobic microorganisms in the hindgut on
the 14 and 28" days in bees receiving L. casei
IMV B-7280 probiotic strain (Group D1) and
on the 28™ day in bees receiving L plantarum
IMV B-7679 (Group D2) strain. The number of
staphylococci and streptococci in the hindgut
decreased under the influence of L. casei IMV
B-7280 strain (group D1) on the 14" —28%™ days
and on the 28t day, respectively. Under the in-
fluence of L. plantarum IMV B-7679 strain, only
the number of staphylococci decreased on the
14 and 28 days, respectively.

The use of both probiotic strains had no ef-
fect on the number of coliform bacteria in the
hindgut of bees.
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Fig. 1. Catalase activity of body tissues of bees, umol/
min/mg, of protein (M + m, n = 3), where C is the control
group, which received sugar syrup (SS), Group DI re-
ceived SS + L. casei IMV B-7280), and D2 (received SS +
L. p lantarum IMV B-7679). *P < 0.05, **P < 0.01 com-
pared to the control group on the same day of the study.
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Fig. 2. The content of total protein in the body tissues
of bees (M £ m, n = 3), where C is the control group
(received SS), D1 (received SS + L. casei IMV B-7280),
D2 — second experimental group (received SS + L. plan-
tarum IMV B-7679). *P < 0.05, **P < 0.01 compared to
the control group on the same day of the study

Table 1. Fractional composition
of bee hemolymph proteins, (M + m, n=3)

Protein Control Group D1 Group D2

fractions. % ou (SS+ L. casei | (SS+ L. plantarum

701 8PNy B7280) | IMV B-7679)

y-globulins | 10.99+0.96 | 10.30 +£0.14 11.74 + 1.67

B-globulins | 72.76 £ 1.15 | 71.91 £ 0.67 7129 +1.69

a2-globulins | 9.55+1.21 | 9.92+052 8.93+049

al-globulins | 6.70+0.97 | 7.87+0.36 8.04+0.30

Albumins Notfound | Not found Not found
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Fig. 3. The number of (a) lactic acid bacteria and (b) bifidobacteria in the midgut of bees (Lg CFU/mg), where C is
the control group (received SS), D1 — experimental Group 1 (received SS + L. casei IMV B-7280), D2 — experimen-
tal Group 2 (received SS + L. plantarum IMV B-7679). *P < 0.05, **P < 0.01 compared to the control group on the

same day of the study
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Fig. 4. The number of (a) lactic acid bacteria and (b) bifidobacteria in the hindgut of bees (Lg CFU/mg), where C
is the control group (obtained SS), D1 — experimental Group 1 (received SS + L. casei IMV B-7280), D2 — experi-
mental Group 2 (received SS + L. plantarum IMV B-7679). *P < 0.05, **P < 0.01 compared to the control group on

the same day of the study

The number of microscopic fungi decreased
on the 14™ and 28™ days after the use of both
probiotic strains, and on the 28" day in Group
D2, microscopic fungi were not detected at all.
The number of pseudomonads decreased on the
14'h and 28 days after the use of both strains, but
complete elimination occurred only on the 28t
day after the use of L. casei strain IMV B-7280.

52

The number of lactic acid bacteria and bifido-
bacteria in the hindgut of bees was higher than
in the control on the 14% and 28" days in both
experimental groups (Fig. 4), but these changes
were more pronounced after the use of L. casei
IMV B-7280 strain (Group D1).

Discussion. The obtained data indicate a ten-
dency to increase the catalase activity of bee tis-
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sues with longer use of L. casei IMV B-7280 and a
consistently higher activity of this enzyme during
the entire experimental period under the action of
L. plantarum IMV B-7679. In the control group of
bees that received SS throughout the experiment,
catalase activity remained at a constant level. It
is known that one of the main indicators of the
general state of the antioxidant system is catalase,

Table 2. Spectrum of the midgut microbiota of bees fed

which is involved in the protection of the body
against excessive action of ROS, which leads to the
development of oxidative stress. Thus, probiotics
can have a stimulating effect on the resistance and
viability of the body of honey bees [23, 24]. Un-
der the conditions of studying their influence, it
is advisable to determine the dosage of probiotic
strains and the schemes of the use of them.

L. casei IMV B-7280 (D1) and L. plantarum IMV B-7679 (D2) strains

The number of microorganisms on selective nutrient media (Lg CFU/mg)
Group | Day of
of study | study BAIRD- KEF-Streptococcus Sabouraud | Pseudomonas
MPA PARKER-Agar agar Endo agar agar
0 4.80+0.12 3.77 £ 0.06 297 +0.11 3.47+£0.05 | 2.97%0.07 <1
Control | 14 4.55+0.04 3.42+0.12 3.02 £ 0.06 3.58+0.08 | 3.11%0.12 <1
28 4.19+£0.07 3.14 £ 0.09 3.13 +£0.08 3.17+0.04 | 2.72£0.09 | 1.25+0.25
0 492 +0.04 3.82 +£0.06 3.12+0.11 3.51+0.05 | 2.85%0.06 <1
D1 14 3.99 £ 0.05* 2.77 £0.08* 2.87 £0.09 3.78+£0.07 | 1.75+0.10** <1
28 3.28 £ 0.06** 2.45 £ 0.05* 2.45+0.05¢ | 3.91 £0.05* <1 <1
0 4.77 £0.11 3.91+£0.11 3.27 £0.05 3224009 | 291+£0.04 | 1.60+0.20
D2 14 417 £0.14 3.15+0.09 3.12 £ 0.09 3.40 £0.05 | 1.75£0.10** <1
28 3.62 + 0.04* 3.27 £0.04 3.45+0.20 3.65+0.08 | 1.25+0.15** <1
*P <0.05, **P < 0.01 compared to the control group on the same day of the study.
Table 3. Spectrum of the hindgut microbiota of bees fed
L. casei IMV B-7280 (D1) and L. plantarum IMV B-7679 (D2) strains
The number of microorganisms on selective nutrient media (Lg CFU/mg)
Group | Day of
of study | study MPA BAIRD-PARK- | KF-Streptococcus Endo Sabouraud agar Pseudomonas
ER-Agar agar agar
0 5.20 £ 0.06 4.48 + 0.06 4.52+0.14 5.80+£0.11 3.28+0.11 | 2.25+0.08
Control| 14 5.47 £ 0.08 4.02£0.11 4.68 £ 0.22 5.82+0.09 3.66 £0.06 | 2.48+0.10
28 5.28 £0.11 4.45 + 0.04 4.80+0.12 5.14+ 0.14 3.89+0.12 | 3.41+0.05
0 5.17 £0.05 4.04 +0.04 4.57 +0.07 5.44+ 0.07 3.65+0.08 | 3.47+0.03
D1 14 4.62 +£0.06** 3.55+0.08* 4.02 +0.04 5.68+0.03 | 1.15+0.10"* | 1.50 £ 0.08*
28 4.11 £0.09** 3.01 +£0.04* 3.18 £0.11* 5.92+0.18 <1** <1**
0 544 +0.11 478 £0.11 4.65 % 0.05 5.81+0.05 3.15+£0.08 | 2.80+0.03
D2 14 5.11 £ 0.06 3.86 £ 0.05* 4.10 £0.10 521+ 0.11 | 2.30+0.11* | 2.01 £0.07*
28 4.88 +0.03* 3.40 £ 0.11% 4.28 +0.06 5.16£0.08 | 2.10+0.05* |1.10£0.10**
*P < 0.05, **P < 0.01 compared to the control group on the same day of the study.
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It should be noted the absence of albumin
fractions, which is also noted in the results of
studies by other researchers [25]. Protein water-
soluble fractions in the blood plasma of verte-
brates consist mainly of albumins and globulins.
In clinical settings, measuring the percentage of
albumins and globulins can provide information
about clinical conditions, such as hydration, on-
cotic pressure, body condition, or inflammatory
processes. In our study, the method used failed
to detect this protein in the hemolymph samples,
which may indicate its absence or small (trace)
amounts. Some authors suggest that insects do
not need this protein to maintain oncotic pres-
sure that liposoluble hormones can be transport-
ed by hemocyanin, and the nutritional function
is performed by a network of intestinal divertic-
ula that reach all parts of the body [25, 26].

The Lactobacillus genus is widely used for fer-
mentation of plant materials and dairy products.
These species are typically found in highly spe-
cialized environments, with the bee gut serving
as one of the niche locations where Lactobacillus
was detected [27]. The bee-associated bacterial
communities did not differ in hive constructions
and varied slightly over the honey production
season. Samples of the gut were usually domi-
nated by taxa belonging to the Lactobacillus,
Bifidobacterium, Bartonella, Snodgrassella, Gil-
liamella, and Frischella genera, as observed in
previous studies [28].

While many recent studies support the idea
of a core microbiota in the guts of younger in-
hive bees, it is unknown whether this core is
present in forager bees or they carry the pollen
back to the hive. Additionally, several studies hy-
pothesize that the foregut (crop), a key interface
between the pollination environment and hive
food stores, contains a set of 13 lactic acid bac-
teria, which inoculate collected pollen and act in
synergy to preserve pollen stores [29].

Nowadays, honey bees are stressed by a num-
ber of biotic and abiotic factors that may compro-
mise to some extent the pollination service and
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the hive productivity. The EU’s ban on antibiot-
ics as therapeutic agents against bee pathogens
has stimulated the search for natural alterna-
tives. The increasing knowledge of the composi-
tion and functions of the bee gut microbiota and
the link between balanced gut microbiota and
health status has encouraged research on the use
of gut microorganisms, especially lactobacilli, to
improve bee health [30].

Fanciotti et al. determined the impact of L. sal-
ivarius A3iob, a honey bee gut-associated strain
(GenBank code access KX198010), on honey
yield. L. salivarius A3iob cells prove to be a natu-
ral alternative that will positively impact the bee-
keepers’ economy by providing a higher honey
yield: all treated bees produced between 2.3 to 6.5
times more honey than the controls [31].

Due to their social behavior, honey bees can
be infected by a wide range of pathogens includ-
ing the microsporidia Nosema ceranae and the
bacteria Paenibacillus larvae. The use of probiot-
ics as food additives for the control or prevention
of infectious diseases is a widely used approach
to improve human and animal health. Another
study has shown that a mixture of four L. kunkeei
strains isolated from the gut microbial commu-
nity of bees has a potential beneficial effect on
larvae and adult bees [32].

Also, A-Tai Truong et al. showed that L. apis
HSY8_B25, L. panisapium PKH2 13, and L.
melliventris HSY3_B5 can be potential probiotic
candidates, and they were selected for probiotic
development to prevent diseases caused by Pae-
nibacillus larvae [33].

Therefore, it can be considered appropri-
ate to continue research on probiotic strains of
lactobacilli to create a complex drug capable of
increasing the life expectancy and honey pro-
duction of bees, as well as to support the homeo-
stasis of their microbiome, which will provide
natural protection against widespread diseases
of different origin.

Conclusions. The use of the L. casei IMV
B-7280 and L. plantarum IMV B-7679 probi-
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otic strains for feeding bees under the condi-
tions of a laboratory thermostat stimulated the
catalase activity of their body tissues in both ex-
perimental groups (P < 0.05, P < 0.01) both on
the 14™ and 28™ days of the study compared to
the control group. The content of total protein
in the body tissues of bees that received L. casei
IMV B-7280 increased by 13.9% and 11.4% on
the 14 and 28" days of the experimental period
compared to the control group. The use of both
probiotic strains led to quantitative changes in
the composition of the intestinal microbiota of
bees, in particular, to an increase in the number
of lactic acid bacteria and bifidobacteria and a
decrease in the number of some other groups of
microorganisms.
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BIUIVB ITPOBIOTUYHIMX MIKPOOPTAHI3MIB HA AKTUBHICTD KATAJIA3Y,
OPAKIIVIHNN CKJIAJT PO3UMHHMX BUIKIB TEMOJIIM®U TA CIIEKTP KMIITKOBOT
MIKPOBIOTV MEJOHOCHUX BIPKII

OcTaHHIM YacOM CIIOCTePiraeThCsl TeH/EHIIiA 10 BUKOPYCTaHHA HOBUX epeKTMBHIX 3aC06iB HaTypaTbHOTO ITOXO/KEH-
HS 151 G0POTHOM 3 XBOPOOaMIL Ta IIOKPAIIEHHS 3[0POB sl METOHOCHNX OpKiT. TaKoXK BifoMo, 1110 fo6pe 36amaHcoBaHa
CTPYKTypa KHUIIKOBOI MiKpOOIOTI METOHOCHNUX OMKIT € OCHOBOIO M1t iX POCTY, PO3BUTKY, MiACUIEHHS IMYHHOI Bifjro-
Bifi Ta cTiitkocTi Ko indexuiit. BcTaHOB/IEHO, 10 AesKi IITaMy MOTTOYHOKMUCIMX GaKTepiit, I10 MaloTh aHTHOAKTepia/IbHi,
IPOTM3AMA/IbHI Ta IMyHOMOZY/TIOBA/IbHI B/IACTVBOCTI, € MIEPCIIEKTUBHYMIL [Is1 pO3POOKH Ha X OCHOBI MPOOIOTIYHIX
Hperaparis MIPOKOro CrieKTpy Ail. OTke, MeTo poboTH Oy/I0 BU3HAYeHHs BIVIUBY HpobioTiaHyx mramis Lactobacillus
casel IMB B-7280 i L. plantarum IMB B-7679 Ha akTMBHICTb KaTasa3y, BMIiCT 6iKa Ta 6inkoBuit mpo¢ins remonimou,
a TAKOX CIIEKTP MIKpOO6IOTH PiSHUX Bifii/IiB KMIIIeIHNKA MeTOHOCHUX OKin Apis mellifera. Metomm. [ljst mpoBenieHHs
mocnimKenHs 6y70 copMOBaHO KOHTPOJIbHY Ta [iBi fOCIinHI rpymu mo 60—90 6mxin y koxHiit. Boxomu koHTp-
onbHOI TpyTy IpoTsAroM 28 Ai6 oTpuMyBam mifrofismo 3 60 % mykposoro cuporry + 1 M guctunbosanoi H)O. Jlo-
oripHa rpyma 6mkin I 1 mopHa orpumysana 1 Mt 60 % mykpoBoro cupony + 1 M1 BofHOL cycneHsii KIiTHH-IITaMy
L. casei IMB B-7280 B konuentpaunii 1-10% KYO/mm; mocnigna rpyma 6mxkin I 2 gogarkoBo o 1 M 60 % 1ykpoBoro
cupoIy oTpuMyBaa 1 M BOpHOI cycrensii kmitud wramy L. plantarum IMB B-7976 B xoHuentpauii 1-10* KYO/
M/I. AKTVMBHICTb KaTajasy B TKAaHMHAX OPraHi3My OIKi/l BM3HAYa/my 3a JOIIOMOTOK 3[JATHOCTI TiIPOTeHIIepOKCUAY
YTBOPIOBATH i3 COMsAMM MOIOIEHY CTIilIKMiT KOIbOPOBMIT KOMITIEKC Ha CrieKTpodoToMeTpi py ZoBKuHi X 410 HM
npory Bopy. KinbkicTh 6inka B TKaHMHAX OpraHisMy O/pKi BusHadanu 3a MetonoM Jloypi. BmicT 3arasibHoro 6inka B
oprasismi 6K nipoBoam 3a MeTofoM Kenpasa. BusHaueHHA BMICTY OKpeMUX (bpaKuiI?[ PO3YMHHUX O1/IKiB TeMOTiM-
¢ IPOBOAMIIN METOZIOM BEPTHKA/IbHOTO eIeKTpodopesy B 7,5 % mosmakpuramifHoMy rerti. BifHocHmit BMicT 6i1KkoBIX
¢dpaxuiit BusHayamy 3a goromoroo mporpamu TotalLab TL120 i Bupakam y BifcoTkax Bif sarambHoro myiy. [
BJ3Ha4YEeHHA AKICHOTO Ta KiIbKiCHOTO CIIEKTPY KMIIKOBOI MiKpo6iOTM 6K IPOBOVIIN 3a6ip CEPENHBOTrO Ta 3aJHHOTO
KHUIIKiBHMKA (OKpeMO) Bifj OIDKi/T KOHTPO/IbHOI Ta focmigHux rpyr. OTpuMaHi 3pasky BUCIBamM Ha BIiCIM CEIEKTUBHIX
MO>KMBHMX arapy30BaHNX CEPENOBULI I Ky/IbTMBYBaHH:A OKPEMIX IPYI MiKpoopraHisMmis. PesynbraTn. Bcranosneno
TEHJIEHIII0 [0 Ti/IBUIIEHHsI KATA/Ma3HOI aKTMBHOCTI TKaHWH OPKiI 3a TpuBaimoro (28 fi6) 3aCTOCYBaHHA IITaMy L.
casei IMB B-7280 i cTabi/IbHO BUIIIOI aKTUBHOCTI I[bOTO €H3MMY BIIPOIOBXK BCbOTO JOC/IIAHOTO Iepiofy 3a Aii mramy
L. plantarum IMB B-7679. Y KOHTPOMbHili IpyIi 6K akTMBHICTb KaTalasy 3a/MIIanacs Ha cranomy piBHi. [TokasaHo,
110 Ha 14 Ta 28 106y JOCTOBIPHO 361/IBIIIYBABCSI BMICT 3ara/IbHOTO IPOTEIHY B Opranismi 61pKis, siki orpumysasm murram L.
casei IMB B-7280. Y 6mpkin 060X rpym BIsB/IEHO BOJOpO34nHHi (pakiyii 6IKiB remonimu: y-rmobyniny, B-rmobyninu,
a2-rno6yniny, al-rmobyninn. Bapro sasHaunty, mwo ¢pakuia anpbymiHiB He BusABIeHa. [IokazaHo, 10 3a[jHs KMIIKA
MICTUTD 3HAYHO OUIBIITY 3ara/IbHY KiIbKiCTb MiKpoOpraHisMiB, Hbk cepenHA. 3acTocyBaHHA mwramy L. casei IMB B-7280
TPU3BOAMIIO [0 30UIBIIEHHS KITBKOCTI MOTIOYHOKUCMX OakTepiit Ta 6idimobakTepiil B 060X Bifjjinax KUIIKIBHIKA,
a TaKOX JIO SHIDKEHHs KiZIbKOCTI CTadilOKOKIB, CTPENTOKOKIB Ta MIKPOCKOIIYHMX IpuOiB. 3aCTOCYBaHHS IUTaMy
L. plantarum IMB B-7679 mano cxoxmnit epexT, ane 3MiHM y CKmafii Mikpo6ioMy KMIIKiBHVMKa Gy MEHII BYpPayKeHi.
BucnoBKu. 3acTocyBaHH: pobioTnyHux mramis L. casei IMB B-7280 i L. plantarum IMB B-7679 mis ninropisi 6mkin
3a YMOB JTA0OPaTOPHOTO TePMOCTATY IIPUBOAIIIO O KiIbKICHMX 3MiH y CK/Iaji KMIIKOBOI MiKpo6ioTI OIpKis, 30KpeMa o
361/IbIIeHHSI Ki/IPKOCT] MOIOYHOKMC/INX GaKTepiit Ta 6idifo6aKTepiil, a TAKOXK 3MEHIIEHH; KUIBKOCTI [IesIKIX IHIIVX TPy
MIKpOOpraHi3MiB B KMIIKiBHUKY. [Ipo6ioTHYHI IIITaMy CTUMY/TIOBA/IN KaTa/la3Hy aKTUBHICTb TKAHIH OpPraHisMy O/pKiTT,
HiABUIIYBa/Iy piBeHD 3aralbHOrO Oi/Ka, ajle CyTTEBO He BIUIMBA/IN Ha CHIBBiTHOIIEHH: OIKOBMX (paKiiit reMoimMdun.

Kniouosi cnosa: 6owonu Apis mellifera, naxmobaxmepii, xamanasa, dpaxyii npomeinis, eemonimga, cnexmp
MiIKpO6GioMy KUWKIBHUKA.
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