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In modern beekeeping it is important to get safe ecological products, stimulate reproduction and
increase the resistance of bees to various diseases as well as to protect them from adverse environmental
conditions. Due to this, in recent years there has been a tendency to use biologically active preparations
and means of protection of natural origin in beekeeping. They may help to avoid many side effects,
because the mechanisms of their biological action are significantly different from synthetic and are based
on the physiological activation of the organism s protective reactions. The aim of the research was
to determine the biological activity of Lactobacillus casei IMV B-7280 immunobiotic strain in honey
bees and. its influence on their life expectancy and the content of certain mineral elements in organism
tissues. Methods. The research was conducted on honey bees of the Carpathian breed, 25—45 individuals
in each group, formed in gardens from three bee families from the apiary-vivarium of the Institute of
Animal Biology of NAAS of Ukraine. To determine the influence of the immunobiotic, a control (I) and
three experimental (I1, 111, 1V) groups were formed. The bees of the experimental groups were fed with
sugar syrup together with the immunobiotic strain in various concentrations. The alimentation of bees
of control and experimental groups was provided under similar conditions of the laboratory thermostat
with microventilation at a temperature of 30.0 °C and relative humidity of 74-76 % during 12 days of
research. During the research period, daily counting of the number of live and dead bees, their motor
and forage activity was performed. After feeding, 25 bees were selected from each group and grounded
on homogenizer. Got homogenate of tissues was used to search the content of individual trace elements
on atomic absorption spectrophotometer SF-115 PC with a computer program for calculating the
concentration of elements. Results. The corrective influence of the immunobiotic on the content of Fe, Zn,
Co, Cu, Cd, Pb in the tissues of bees and their viability depending on the used concentration has been
established. Under the conditions of immunobiotic strain addition to the sugar syrup at a concentration
from Ix10° to Ix1(Pcells/ml, an increase in the Cobalt content was observed against the background of a
decrease in Cadmium and Lead content in tissue samples of bees of the experimental groups compared
to the control. The best dynamics in the number of live bees in gardens was observed under the action of
high concentration of immunobiotic strain, with the preservation of 100 % of live bees during the first 8
days of immunobiotic use. During the period from 9" to 12" days a decrease in the number of live bees
from 88 to 82 % was detected. In the control group, the survival of bees in this period was 7.3 and 2.4 %
respectively. Conclusions. The use of Lactobacillus casei IMV B-7280 immunobiotic strain with sugar
syrup for feeding bees provides stimulation of their viability, the development of bee colonies, increases
the organism s resistance and optimizes the content of certain mineral elements in tissues. The expediency
of further researches of the biological activity and safety of the immunobiotic in different experimental
models using honey bees is substantiated.
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In modern beekeeping it is important to get
safe and ecological products (honey, royal jelly
that do not contain antibiotics); stimulation of
reproduction and increasing of bees resistance
to parasites and viral diseases, as well as their
protection from adverse environmental conditions
are also important tasks [1, 2, 3]. In recent years
there is a tendency to use preparations of natural
origin, which help to avoid many side effects,
because the mechanisms of their action are
significantly different from synthetic and are based
on the physiological activation of the organism’s
protective reactions.

According to the instructions of the Food
and Agriculture Organization (FAO) working
group and the World Health Organization, the
safety of probiotic cultures is recommended to
be determined using a number of tests [4], which
also include assessing of their ability to over-
stimulate the immune response. It has been found
that probiotic strain Lactobacillus casei IMV
B-7280 with antibacterial, anti-inflammatory and
immunomodulatory properties is promising for the
development of probiotics [5]. It is recommended
to make dietary supplements and medicines based
on L. casei IMV B-7280 strain for the prevention
and treatment of infectious-inflammatory and other
diseases.

Lactobacillus casei IMV B-7280 was charac-
terized by effective therapeutic action in various
experimental infectious-inflammatory animal
models (infection caused by Staphylococcus
and Candida), as well as in models of metabolic
disorders of the organism. The physiological
influence of this immunobiotic is associated with
the normalization of various cavities microbiota
and the modulation of the inflammatory response.
Its selective positive influence on innate immune
factors, its cellular immunity and cytokine profile
were also noted [6, 7].

Analysis of literature data about the validity
and expediency of the use of preparations, which
belong to the pharmacological group of probiotics,
indicate the possibility of their use for the
prevention of a number of diseases and recovery of
bees. Defined systematization of probiotics by the
complexity of their action, by generations, species
composition and the forms of release is of practical
interest in the scientific approach in the selection
of probiotic strains for beekeeping. After entering
the gastrointestinal tract, probiotics have both
a direct action on pathogenic and opportunistic
microorganisms, and indirect — by activating
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specific and nonspecific defense systems of the
organism [8—10].

In connection with the above-indicated, the
purpose was to determine the biological activity
of L. casei IMV B-7280 immunobiotic strain
in vivo on honey bees and its influence on their
life expectancy and the content of certain mineral
elements in organism tissues.

Material and methods. The research was done
on honey bees of Carpathian breed, formed from
three bee colonies from the apiary vivarium of
the Institute of Animal Biology of the NAAS of
Ukraine. The lyophilized probiotic strain L. casei
IMV B-7280 was used for the research. This strain
was isolated in the laboratory from the associated
culture of biological material and deposited in
the Ukrainian collection of microorganisms of
Zabolotny Institute of Microbiology and Virology,
NAS of Ukraine. Before each experiment, the
viability of lyophilized L. casei IMV B-7280 strain
was tested by monitoring of its growth on the Man-
Rogosa-Sharpe (MRS) agar media at 37 °C for
24-48 h.

To perform the research, a control and three
experimental groups were formed: Group I —
control, received daily 1 ml of 50 % sugar syrup
(SS) + 1 ml of distilled H,O; Group II — received
daily 1 ml of 50 % SS with the addition of 1 ml of
L. casei IMV B-7280 solution at a concentration of
1x10° cells/ml; Group III — received daily 1 ml of
50 % SS with the addition of 1 ml of L. casei IMV
B-7280 solution at a concentration of 1x10° cells/
ml; Group IV — received daily 1 ml of 50 % SS
with the addition of 1 ml of L. casei IMV B-7280
solution at a concentration of 1x10° cells/ml. SS and
immunobiotic solution were applied to the feeders
fixed in the gardens, formed from native beeswax.

Bees of control and experimental groups
were kept in cages with a volume of 4 dm® under
similar conditions of the laboratory thermostat
TS-80M-3 with microventilation at a temperature
of 30 °C, humidity of 74-76 % during 12 days of
investigation. During the research period, daily
control of the number of live and dead bees in the
gardens was performed, their motor and forage
activity was estimated. On the 12" day, journal
records were compared to the actual number of
live and dead bees and the daily dynamics of bee
survival was determined. The coefficient of average
life expectancy (CALE) of bees was calculated by
the formula: CALE =(al +a2 +a3 +...... al2)/N,
where CALE is the coefficient of average life
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expectancy of bees; al + a2 + a3 + ... al2 — the
number of live bees on the 1%, 2", 31 etc. day;
N — the number of bees at the beginning of the
research.

After completion of feeding, 25 bees were select-
ed from each group and kept for 10—-15 minutes in
the freezer. To prepare a homogenate of tissues of
the organism, honey bees were grounded, 3 paral-
lel samples from each group weighing 0.5 g were
formed. The obtained homogenates of honey bees’
tissues were ash-dried in porcelain crucibles in a muf-
fle furnace at a temperature from 100 °C at the ini-
tial stage to 400450 °C at the final stage of ashing.
The duration of the whole ashing process was 10—12
hours. After mineralization, the ash was dissolved in
10 ml of 6N HCl, filtered and poured into tubes with
stoppers to determine the content of Fe, Zn, Co, Cu,
Cd, and Pb. The concentration of each of these trace

elements was determined by a computer program on
an atomic absorption spectrophotometer SF-115PK
and expressed in mg/kg of natural weight [11].

The research was conducted in accordance
with the “General Ethical Principles of Animal
Experimentation” adopted by the First National
Congress on Bioethics (Kyiv, 2001) and the
European Convention for the protection of animals
used for experimental and other scientific purposes
(Strasbourg, 1986) [12].

All received digital data were processed using
the computer program STATISTICA using the
method of variation statistics, as well as Excel
program from the Microsoft Office-2007 and 2010
service package. Numerical data were presented
as the arithmetic mean (M) and standard error
(£ m). Differences between groups were considered
statistically significant at p <0.05.
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Fig. 1. Daily dynamics of the number of live bees during 12 days. A — changes in the absolute
number of bees, pcs.; B — dynamics of changes in the relative number of bees, %
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Results. The results of research indicate a
stimulating influence of the immunobiotic strain
on the resistance and viability of honey bees
depending on the applied concentration (Fig. 1). It
was set that for the first 8 days of the experiment,
the highest indicators of viability with 100 %
preservation of bees in the gardens was observed
in the experimental group II.

The survival of bees in the group I during
this period changed from 100 % on the 1* day to
7.31 % on the 8" day. Among 3 experimental
groups the lowest indicators of bees preservation
during this period was observed in the experimental
group IV, which in addition to 1 ml of 50 %
SS/garden/day obtained 1 ml of immunobiotic
solution at a concentration of 1x10° cells/ml.
On the 9-12™ days of the research the better
bee preservation was noted in the experimental
group III (their number decreased from 97.7 to
75.5 %) in comparison with the control. The highest
preservation of bees from 9™ to 12" days was

observed in the group II — their number decreased
from 87.9 to 81.8 %. The number of live bees in the
group IV decreased significantly on the 10" days
from 52 to 4 % with their complete death on the
12 day.

Analysis of the CALE parameter calculation
during 12 days showed a different strength of the
pronounced influence of immunobiotic on the
resistance of the organism of bees (Fig. 2). The best
result in terms of life expectancy of bees was noted
for group II, which was equal to 11.4 conventional
units (c.u.) under the action of immunobiotic at a
concentration of 1x10° cells/ml.

Life expectancy of bees of the group III, which
were fed with SS with the addition of immuno-
biotic strain at a concentration of 1x10° cells/ml,
was 10.9 c.u. An even lower life expectancy result
(6.1 c.u.) was observed for bees of experimental
group IV, which received a solution of immuno-
biotic at a concentration of 1x10° cells/ml.
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Fi g.2. Coefficient of average life expectancy (CALE) of bees during the research, c.u.

Thus, the highest number of live bees in
the gardens was observed in group II, with the
preservation of 100 % of live bees during first 8
days and decreasing from 87.9 to 81.8 % from the
9% to 12" day and CALE — 11.4 c.u. Compared to
group II, from 9™ to 12™ day the preservation of bees
of III (from 100 to 75.5 %) and IV (from 72.0 to
4.0 %) experimental groups was lower, against the
background of rapid decrease of their number (from
100 to 2.4 %) in the control group.

It is known that the organism of honey bees is
able to actively deposit such mineral elements as
Cu, Zn, Co, Fe. Macro- and microelements in the
organism of animals, including honey bees, are
part of the active centers of enzymes as a part of
cofactors of biochemical catalysis in the reactions
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of proteins, lipids and carbohydrates metabolism.
However, it is known that excessive intake of
certain heavy metals — Pb, Cu and Cd in the
organism of bees reduces the number of dominant
cations of certain metals in the circulatory system
of hemolymph [13]. According to the results of
the research, an increase in the level of Co against
the background of Cd and Pb reduction in samples
of bees of experimental groups compared to the
control (Table 1) was observed.

The need of bees for micro- and macroelements
is provided by their receipt with plant pollen,
water and nectar, however, depends largely on the
synergistic or antagonistic relationships between
the various, including insufficiently studied
elements. The accumulation of iron in the organism
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of bees during ontogenesis is uneven in nature
and its metabolism changes under the influence
of external factors. Excessive intake of iron is
characterized by an increase in its concentration in
tissues regardless of the stage of bee development,
which entails a change in its distribution in the

organism [14]. The addition of immunobiotic
to the syrup decreased Fe concentration in the
tissues of bees of II and III groups (p <0.05),
but increased its level in the experimental
group IV (p <0.05) compared to the control
group L.

Table 1
The content of mineral elements in the homogenate of bees tissues under the conditions
of their feeding with SS and immunobiotic (IB), mg/kg

Groups of honey bees
Trace Control Experimental
elements | Group I, I ml 50% | Group II, 1 ml 50% SS| Group III, 1 m150% | Group IV, 1 ml 50%
SS+1 ml H O + 1 ml «IB» 1x10° SS+ 1 ml «IB»1x10° | SS+ 1 ml «IB» 1x10°
Fe 79.90 +4.87 71.80 £2.95 67.50 £2.25° 94.20 +2.63"
Zn 54.60 £ 2.33 42,70 + 1.84™ 62.50 +£2.13" 55.90+2.14
Co 0.20 + 0.009 0.20 £ 0.009 0.60 £ 0.05™ 0.90 +0.03""
Cu 7.20+0.34 4.80+0.11™ 9.80+0.47" 9.90+0.22"
Cd 0.09 = 0.005 0.04 +0.002™" 0.06 + 0.002%* 0.10 £ 0.005
Pb 0.80 +0.06 0.60 + 0.04 0.50 +0.06" 0.70 = 0.05

Legend: difference relative to control: * — P <0.05; ** — P <0.01; *** — P <0.001.

It is known that Zn is important for the
organism’s vital functions which had an influence
on the normal development of bee brood and
the viability of bee family. This trace element
is required for the functioning of more than 100
enzymes, including DNA and RNA polymerases,
carboxypeptidases, oxidoreductases, transferases,
dehydrogenases. These enzymes are associated with
the metabolism of carbohydrates, proteins, nucleic
acid and heme synthesis, CO, transport, etc. [15].
The content of Zn in the tissues of mammals and
plants is characterized by significant variability. Its
content in the organism of honey bees also varies
depending on the age of the insects. Regarding
the initial level of Zn in the organism tissues, its
decrease was observed under the conditions of
immunobiotic feeding in the experimental group I1
(p <0.01) against the background of an increase in
the experimental group IV (p <0.05) compared to
the control group.

It is known that Co increases the biosynthesis
of proteins and the concentration of y-globulins in
the fractions of total hemolymph protein, as well
as lipid synthesis and hemolymphogenesis [16].
The highest Co content was found in bees of 11
and IV experimental groups (p <0.001) fed with
immunobiotic at a concentration of 1x10° and
1x10° cells/ml respectively.

It should be noted the increase of copper level
in the tissues of bees from experimental groups
III and IV. However, the use of immunobiotic at a
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higher concentration of 10° cells/ml (experimental
groups II) caused a probable decrease of copper
concentration, which may be due to the inhibitory
influence of this concentration on the absorption
of copper in the digestive tract of bees and
accumulation in organism tissues.

Pb and Cd do not accumulate evenly in the
tissues of the organism of honey bees. The content
of Cd was 2.2 times lower (p <0.001) in the tissues
of bees of group II and 1.5 times lower — in group
IIT (p <0.01) compared to the control. The Pb
content was characterized by a lower level in the
tissue samples of bees from experimental groups
1T and III (p <0.05) compared to the control group.

Therefore, the addition of L. casei IMV
B-7280 immunobiotic strain to SS during the
feeding of bees stimulates their viability in the
applied concentrations, which is more pronounced
at a concentration of 1x10° and 1x10° cells.
The influence of concentration 1x10° cells was
characterized by lower preservation of bees, but the
number of live bees and the coefficient of average
life expectancy were greater than these values in
the control.

Discussion. The results of the research showed
that under the influence of the immunobiotic there
was a positive dynamics of preservation of bees for
8 days with lower death compared to the control
group during this period. Under the conditions
of immunobiotic application, no deterioration
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of the physiological state was observed in the
motor and foraging activity of bees in the II and
IIT experimental groups. In particular, bees of
these groups were characterized by better motor
activity and SS with immunobiotic eating, which
may indicate its stimulating action in the applied
concentrations compared to the experimental group
with a lower concentration.

According to the literature, the use of probiotics
has a positive influence on the growth and
development of the pertrophic membrane in the
midgut [17]. Its thickness is positively correlated
with the life expectancy of bees. It should be
noted that the density of the pertrophic membrane
depends on the permeability of pathogenic
microorganisms in the digestive tract, as well as the
immunity of bees. The use of a concentrate of lactic
acid bacteria leads to an increase in life expectancy
by 9.5 %, the mass of rectums with undigested
remains decreases by 18.0 %, but does not have
an influence on the mass of milk in the cells with
larvae [18, 19].

Stimulating effects of lactobacilli are appeared
in the mechanisms of gastrointestinal tract
reticuloendothelial system activation and the
production of a number of cytokines, providing
a balance between humoral and cell-mediated
immunity. The most important mechanism of
lactobacilli and obligate microbiota interaction with
the host organism, which is directed at homeostasis
maintaining, is the stimulation of the production of
a number of cytokines [20, 21].

Physiological functions of the intestinal
microbiota of bees are diverse, but one of the main
functions is to ensure colonization resistance — a
set of mechanisms, providing stability to useful
microbiota and prevent colonization of intestines
by pathogenic microorganisms. The symbiotic
intestinal microbiota is important for the life of
bees. This is due to bacterial enzymes that break
down carbohydrates and convert nectar into honey
and take part in protein assimilation from nutritional
components [22]. Decreased life expectancy
of bees in the experimental group that received
immunobiotic at a concentration of 1x10° cells/
ml obviously associated with low assimilation of
carbohydrate components of the feed. An inhibitory
factor in these processes can also be a decrease in
the intensity of water removal from their organism
through the body coverings and respiratory system.

The balance of chemical elements in living
organisms is the basis of their normal vital
activity. It is known that synergistic or antagonistic
interactions have the same significance as their
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deficiency or toxicity. The main amount of trace
elements enters the organism of honey bees with
plant pollen, which they absorb from the soil. Much
less with nectar and water. A significant amount
of trace elements is included in the metabolic
processes of the organism of bees and is actively
used in biochemical reactions in the process of
nectar and pollen processing. It is proved that
mineral components, including Co, Zn, Fe, pollen
and nectar of forage plants play an important role
in the functioning of the microbiota, carbonate-
bicarbonate buffer system and regulation of
acid-base balance in the digestive system. Their
role in the formation of the organism’s resistance
and viability of bees and the functioning of
the potassium-histidine-glutamine system in
hemolymph is especially important [23].
According to the results of the research, the
corrective influence of different concentrations
of L. casei IMV B-7280 probiotic strain on the
assimilation of certain mineral elements in the
digestive tract of bees was defined. This caused
differences in the content of Fe, Zn, Co, Cu, Cd,
Pb in the tissues of the organism of honey bees.
It is known from the literature that increasing the
daily use of iron compared to physiological needs
leads to inhibition of copper, manganese and
cobalt absorption, and hence to their deficiency
in the organism. However, the absorption of iron
by mitochondria of erythrocytes is significantly
reduced in the case of acute copper deficiency. It is
possible that such connections are due to synergistic
and antagonistic aspects of the interaction of these
trace elements. Analysis of the causal relationships
of the content of these elements in tissues indicates
the different ability of their biotransformation in the
organism under the action of various factors [24].
It should be noted that feeding of bees with SS
with L. casei IMV B-7280 was characterized by an
increase in the content of copper. It is known that
Cu is actively involved in biochemical processes
as a part of electron-transfer proteins that carry out
the oxidation reactions of organic substrates with
molecular oxygen, and is also part of the active
centers of amino oxidases. In addition, under the
influence of L. casei IMV B-7280, the participation
of Cu in the catabolism and inactivation of a number
of physiologically active biogenic amines, namely
histamine and serotonin, may have increased.
Because it has been proven that histamine is
found in large quantities in bee poison [25]. The
potential places of accumulation of copper and its
metabolites in the organism of bees, in addition to
the colon, may be nerve nodes and fat body. Excess
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copper causes zinc and molybdenum deficiency,
leading to immunological disorders caused by zinc
deficiency [26].

It should be noted that Cobalt plays an
important role in metabolic and immunobiological
processes, has a positive influence on the growth
and development of the bee family, its viability
and productivity. The level of Co in the organism
of insects, including bees, has an influence on
the content of total protein in the hemolymph
depending on the age and functional characteristics
of their organism. In some cases, this action occurs
due to an increase in beta and gamma globulins, but
the content of alpha globulins is reduced. However,
in other cases — due to an increase in albumin,
beta and gamma globulins with a simultaneous
decrease in alpha globulins. This testifies a
corrective influence of Cobalt on the level of
immunoglobulins in hemolymph, which increases
the resistance of bees and immunobiological
activity of the organism [27].

It is proved that together with water, which is
adsorbed by hemolymph from the contained goiter,
metals, including toxic, are transported through its
walls. They are accumulated in small quantities
in the fat body and other anatomical structures of
bees’ organism [28]. Excess minerals, including Pb
and Cd, are excreted by excretory organs. Pb and
Cd are mostly accumulated in the rectal glands of
honey bees, which affects the increase in their water
content. Obviously, this occurs due to inhibition of
the rectal glands function, weakening the resorption
of water from their secretory fluid, which can
inhibit the vital processes of bees. Decreased
viability of bees, apparently, is also associated with
a decrease in the intensity of water excretion from
the organism of bees through the body coverings
and respiratory system [29, 30]. Characteristically,
the content of Cd and Pb was lower in the tissue
samples of bees from experimental groups II
and IIT (p <0.05-0.001) compared to the control.
This may indicate the optimizing influence of the
immunobiotic at a concentration of 1x10° cells/ml
on the level of harmful metals in the rectal glands.

Thus, probiotics can have stimulating action on
the resistance and viability of the organism of honey
bees. Under the conditions of research of their
influence it is expedient to define concentration,
schemes and dosage of probiotics.

Conclusions. The results of the researches
showed that L. casei IMV B-7280 immunobiotic
strain is promising for the development of a
preparation with the ability to stimulate the
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resistance and viability of bees and the development
of bee colonies. The use of L. casei IMV B-7280
immunobiotic strain have positive influence on
the number of bee family. Based on the obtained
results, it is possible to recommend further research
of the biological activity of L. casei IMV B-7280
immunobiotic strain and safety of its use in various
experimental models, as well as in combination
with organic compounds of individual trace
elements.
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Peswome

VY cydacHOMY O/UKITTBHUIITBI aKTYaJIbHUM € OTPH-
MaHHs 0€3MeYHOT eKOJIOTTYHOT TPOIYKIiT, CTUMYIISI-
Iisl PO3MHOXKEHHS 1 MiJBHIIECHHS CTIHKOCTI OMKiJ
JI0 PI3HUX XBOPOO, a TaKOX 3axUCT iX Bij Jii He-
CIPUSATIMBUX YMOB HaBKOJUIUIHBOTO CEPEAOBHILA.
VY 3B’S13Ky 3 IUM B OCTAHHI POKU IPOSIBISIETHCS TEH-
JICHIIIsI 10 3aCTOCYBaHHS y OJUKUTLHHUIITBI O10JI0T1YHO
AKTUBHUX IPETaparis i 3aCO01B 3aXUCTY MPUPOTHOTO
moxo/pkeHHs1. e m03Bomse YHUKHYTH Oararbox Io-
0iuHuX e()eKTiB, OCKUIBKU MEXaHi3MH iX 0iojoriu-
HOT JIii iCTOTHO BiApI3HSIOTHCA BiJi CHHTETHYHHUX 1
IPYHTYIOThCSI Ha (Di310IOTIUHIN aKTHUBAI] 3aXMCHUX
peakiiii opranizmy. MeToro aocjinxeHns Oyno BU-
3HAYEHHS 010JI0T19HOT aKTUBHOCTI IMyHOOI0THYHOTO
mramy Lactobacillus casei IMB B-7280 y menoHoc-
HUX OJDK1I Ta OTO0 BIJIMBY HA TPUBAJICTD iX KUTTA 1
BMICT OKpEMHUX MiHEpaJbHUX €JIEMEHTIB y TKaHWHAX
opranizmy. Metoau. JlociipkeHHS MPOBEICHO HA Me-
JIOHOCHUX OJpKONIaX KapraTchbKoi Mopojau, 1mo 2545
OCOOMH y KOXHIM TpyITi, COPMOBAHUX y CAJKH BiJl
TPHOX OJKOJIOCIMEI 3 aciku-BiBapito [HCTUTYTY Oio-
norii TBapudn HAAH VYkpainu. [{ns BusHaueHHs aii
iMyHOOi0THKa Oyno chopmoBaHO KOHTpOJdbHY (I) 1
tpu nocigdi (1L, I, IV) rpynu. Bmkonu gocminHux
TPy OTPUMYBAJIHN MiATOMIBIIO IIYKPOBUM CHPOIIOM
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pazoM 3 iIMyHOOIOTHKOM y PI3HHUX KOHIIEHTPALisX.
YTpumaHHS O/KiaT KOHTPOJIBbHOI Ta AOCIIAHUX TPyl
3a0e3revyBanocs 3a aHAJOTIYHUX YMOB J1adopaTop-
HOTO TEPMOCTATY 3 MiKPOBEHTHJIALIEIO IPH TEMITCpa-
typi 30 °C i BimHOCHI# Bosorocti 74—76 % BIpoIoBkK
12 ni6 mocmikeHb. Y Mepioa A0CTiIKEHb BUKOHY-
B 10A000BUH MiIPaXyHOK KIIBKOCTI KMBUX 1
MEPTBHX OJIK1JI, OLIHIOBAJIU 1X PYXOBY 1 KOPMOBY aK-
TUBHICTG. [licns 3aBepIIeHHS MiATrOAiBII BiIOUpaIH
1o 25 OmKin 3 KOKHOI TpynH 1 oxpiOHIOBAIH iX Ha
romoreHizaropi. OnepkaHuii TOMOTEHAT TKAHWUH Op-
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