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Abstract. The article presents conceptual approaches to solving
technological and technical problems when developing functional food
products. General approaches have been suggested to change currently
used technologies in order to make complex processing of raw materials
more efficient and increase the output of high-quality foods and food
ingredients with antioxidant properties. Cereal crops are the richest
source of functional ingredients and the main component in the human
diet. It has been proved that products of their processing contain a lot of
useful substances. For the first time, polyphenols have been obtained
from grain raw materials by biotechnological methods. It has been
shown that a practical way to purify and cleave a polysaccharide matrix
is pretreatment of raw materials with amylolytic and proteolytic
enzymes. Based on the laws of enzymatic hydrolysis of
polysaccharides, the wheat bran were treated with a multi-enzyme
preparation Viscozyme L with hemicellulase, cellulase, pectinesterase,
and feruloylesterase activities. This caused a high effect of destruction
of certain covalent bonds among polymers of the cell walls of the bran,
and resulted in high extraction of polyphenols from raw materials, for
example, of ferulic acid from 40.99 to 2507.9 ug/g. The effect of plant
polyphenols on cultivation of probiotic microorganisms has been
characterised. The prebiotic properties of polyphenols obtained from
wheat bran and those of a polyphenol concentrate from grape pomace
ENOANT have been compared. It has been shown that enzymatic
hydrolysis of wheat bran allows increasing the content of free
polyphenols. It has been established that a polyphenol extract from
wheat bran can be used for its intended purpose as an effective
antioxidant that has no negative effect on the body’s main physiological
systems.

Keywords: enzymatic hydrolysis of wheat bran, hydrolases,
phenolic substances.

Analysis of recent research and publications

prevent DNA of cancer cells from replicating
(saponins, capsaicin, etc.) and pathogens from adhering

By-products of grain processing are a source of
biologically active substances and biocorrectors of
human nutrition. Their rational use is a task for modern
innovative biotechnology.

Functional properties of cereals are associated
with various minerals, vitamins, and numerous
bioactive compounds present in the grain. Among
them, special attention has recently been paid to so-
called phytochemicals — non-food plant chemicals
having a protective and preventive effect on
health [1-3].

Physiological functions of phytochemicals are
different. They can be antioxidants (carotenoids,

flavonoids, polyphenols, allyl sulphides, etc.),
phytoestrogens  (isoflavones, lignans),  enzyme
effectors (indole, protease inhibitors, terpenes),

antibacterial substances (allicin). Besides, they can
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to the walls of human cells (proanthocyanidins) [4].

Phenolic compounds are the most common
secondary metabolites of plants. Due to their low
toxicity, they have a positive effect on physiological
processes in the human body and increase its
resistance. According to their biological activity,
distribution, and prospective use, phenols fall into three
groups: phenolic acids, flavonoids, and polyphenols.
Today, the most promising direction of applied studies
is studying the antioxidant, antibacterial, cytotoxic, and
neurotoxic properties of phenolic compounds. This will
help obtain environmentally safe drugs of natural
origin for the pharmaceutical, food, and agricultural
industries. New sources of phenolic compounds of
plant origin (for example, cereal crops) are being
searched for, as they can be an effective alternative to
their synthetic analogues.
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Cereals, as sources of phytochemicals and dietary
fibres, can be widely used in food systems being
added as antioxidants and prebiotic substances.
Among phytomaterials contained in cereals,
polyphenols are of the greatest interest due to their
various positive effects on human health. Fortification
of food products with phenolic extracts can be an
effective technological approach to improve the
physiological effects.

Research materials and methods

Food polyphenols are not absorbed in the small
intestine by 90-95%. Thus, they reach the large
intestine, although it should be emphasised that their
absorption and metabolism largely depend on the
chemical structure of polyphenols (PP). Most
flavanoids are poorly absorbed in the small intestine
and are well metabolised in the large intestine. It is
shown by the authors [4,5] that isoflavones are among
the best polyphenols with high absorption capacity;
catechins, flavanones, and glycosides of flavanols are
of medium absorption capacity; and proanthocyalidins,
flavan-3-ols, galates, and anthocyanins are poorly
absorbed in the intestine.

Cereals contain such phytochemicals as phenol
type antioxidants, saponins, sterols, and
phytoestrogens. Some health-improving effects of
cereals are due to the structural features of their dietary
fibre complexes with phenolic compounds, lignin, and
other bioactive molecules. Ferulic acid is the
predominant phenolic compound in cereal bran. Other
polyphenols are phenolic acids, namely: p-Coumaric,
sinigrin, and vanillic [5].

Phenolic antioxidants are especially widely
represented in cereals by phenolic acids. They are
present in cereals in the free form, or are bound
through etheric bonds with fatty acids, sugars, and
polysaccharides of cell walls [6]. Given the fact that
most of the useful substances of grain are found in
bran, using it to manufacture functional ingredients is a
good alternative to synthesised substances, and this
tendency is becoming more and more progressive. So,
secondary products obtained after grain is processed by
biotechnological methods need more research. It can
help use them rationally in food products as correctors
of human intestinal microbiota.

The normal microbiota of the human
gastrointestinal tract (GIT), or its microbial landscape,
is a result of long evolution.

The main active components of probiotic
preparations are live probiotic microorganisms that
have antagonist properties to a wide range of
pathogenic and opportunistic pathogenic bacteria.
Their main purpose is to normalise the host’s
microbiota.

The wuse of antibiotics and pharmaceutical
chemicals, the influence of radio waves and
chemotherapy, the impact of xenobiotics from food
lead to development of diseases of the gastrointestinal
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tract and other organs and systems of the body.
Biological bacterial preparations have proved to be
helpful in preventing and treating GIT dysbiosis.
However, in recent years, a decrease has been observed
in their effectiveness, and results of treatment with
these preparations have been unstable, especially in
sensitised organisms, because the heterogeneous
microbial mass of the preparation and sometimes
additional components in its composition create a
significant antigen load on the body. There are also
other problems of using biopreparations and functional
products: they are not resistant to oxygen, heating, and
GIT protective barriers.

More and more studies testify to the importance of
intestinal microbiota for human health, both mental
and physical. Intestine bacteria not only help the
maximum absorption of nutrients and energy, but are
also important for the health of the entire body [7]. In
particular, microbial intoxication and imbalance in the
intestinal microbiota composition result from intestinal
disorders (like chronic inflammatory bowel disease),
other immune disorders, the use of antibiotics,
etc. [8,9]. Although genetic and environmental factors
are the key ones to determine the composition of the
intestinal microbiota, it has long been established that
diet affects the activity of microbes, the total number
of bacteria, their species composition, and their
viability in the intestine. In fact, inter-individual
variance in intestinal microbiota may, to some extent,
reflect differences in the diet, although changes in the
diet may also cause individual responses of different
people’s intestinal microbiota [10].

Phenolic compounds, or polyphenols, are
secondary metabolites in the plant kingdom. Natural
polyphenols can be classified into two main groups:
flavonoids and non-flavonoids. Among flavonoids,
various groups can be distinguished according to their
C-heterocycle structure: flavonols, flavones, flavan-3-
ols, isoflavones, flavanones, dihydroflavonols,
anthocyanidins, and chalcones (Fig. 1).

It is known that there are three forms of phenolic
compounds in cereals: insoluble (70-80%), conjugated
soluble (15-30%), and free phenols (5-8%). Ferulic
acid in wheat bran is covalently bound with
arabinoxylans. Using organic solvents to extract
polyphenols (PP) is not an effective method to obtain
them, since there is a low yield of PP and a negative
effect of toxic reagents.

Non-flavonoid phenols include phenolic acids that
hydrolyse tannins and stilbenes. PP are also an integral
part of human diet. A lot of them are contained in
commonly consumed fruit, vegetables, and other plant-
based products such as cocoa, tea, or wine. A number
of epidemiological studies have shown that dieting
with an excessive consumption of fruit and vegetables
is directly associated with the risk of various chronic
diseases, such as coronary heart disease, specific
cancers, and neurodegeneration [11,12].
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Fig. 1. Phenolic compounds present in food products

A number of pharmacological effects of various
phenolic compounds, especially flavonoids, have been
analysed in vitro and in vivo [13,14]. However, the
effect of these compounds on human health depends
mainly on their bioavailability. That is why, to
understand their behaviour in vivo, it is important to
find out how they are absorbed, converted in the course
of metabolism, and excreted from the body.

Modulation of gastrointestinal microbiota by
polyphenols has attracted particular interest in recent
years. Various authors have done their research, their
approaches ranging from the simplest experiments to
test the effect of polyphenols on the growth of isolated
intestinal  bacteria to complex approximations
involving a fundamental study of microbiota excreted
with faecal masses. There have also been experiments
on fermentation that consisted in compositional
analysis of faecal samples of animals and humans.

Thus, some authors pay attention to the effect of food
components  (including  polyphenols) on  the
gastrointestinal microbiomes, while others focus on the
effect of food polyphenols on microbial modulation and
their potential consequences for human health [15-19].
Selma et al. published the first review, where they
considered some issues of microbial degradation of
polyphenols and modulation of gastrointestinal
microbiota involving PP and their metabolites [20]. The
effect of PP on intestinal bacteria from grapes and teas has
also been studied [21,22]. The development of biology
and microbial techniques has significantly increased our
knowledge of intestinal microbiota and its modulation due
to food components, including polyphenols. The
opportunities offered by the new metabolomic approaches
in studying the effect of polyphenols on intestinal
microbiota have also been considered [23].
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The purpose of this work was to study in vitro the
PP content in enzymatically modified wheat bran and
their effect on probiotic microorganisms.

The main objectives of the study were:

— obtaining polyphenols (PP) from grain raw
materials (wheat bran) by treating them with enzyme
preparations;

—  determining
characteristics;

— studying the effect of polyphenols on the
cultivation of probiotic microorganisms.

their quantity and quality

Research materials and methods

The materials used in this study were: wheat bran
with the fraction size 1.09 to 1.64 mm (from the
company Sofia LLC), grape pomace of the Cabernet-
Sauvignon variety harvested in 2018, the multi-enzyme
preparation Viscozim-L (with the following activities:
B-glucanasic — 100 Ulg, xylanasic — 50 Ulg,
cellulasic — 70 U/g, pectinesterasic — 40 U/qg),
polyphenol concentrate from grape pomace Enoant,
probiotic microorganisms Lactobacillus plantarum
LB4 Bifidobacterium bifidum BB24 from the museum
of the Department of Biochemistry, Microbiology and
Nutrition Physiology, ONAFT.

A complex of traditional and modern biochemical,
physicochemical, and microbiological methods of
research was applied: proteins were determined by the
Kjeldahl method [24], the mass fraction of lipids by the
Soxhlet extraction method [25], starch by the Ewers
polarimetric method [26], dietary fibres by the
enzymatic method of determining soluble and
insoluble dietary fibres [27].

The diagram of the
in Fig. 2

research is presented
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Fig. 2. Analysis chart of the PP compounds of the modified bran

Enzymatic hydrolysis was carried out at a
temperature of 45°C for 5 hours at pH 6.7. After the
enzymolysis and thermal inactivation of the enzyme at
45°C for 10 min, the solid residue was separated from
the supernatant by centrifugation at 5000 min?, =10
min, with the hydromodulus G1:10 and the
concentration of the enzyme preparation 0.015% of the
dry weight.

Extraction of polyphenols from grape pomace was
carried out with 96% ethyl alcohol during 72 hours in a
dark place.

The quantitative and qualitative composition of
polyphenols was determined by high-performance liquid
chromatography (HPLC) using the system Prominence
LC-20 Shimadzu (Japan). The system consisted of the
following functional modules: degasser DGU-20A3,
pumping module LC-20AD, cooling autosampler SIL-
20AC, photometric detector SPD-20AV, column
thermostat CTO-20A, reversed phase column Agilent
Technologies Microsorb-MV-150 (silica gel with the
grafted group C18 (-(CH2) 17CH3), 150 mm long, 4.6
mm in diameter, the sorbent grain size 5 um).

Preparation of samples for HELC: phenolic
substances from dietary fibre and pomace were extracted
by means of 80% ethyl alcohol, with the hydromodule
1:15, and kept for 72 h in a dark place. The supernatant
obtained after enzymolysis was investigated by the
HELC method for the content of phenolic substances
without any other manipulation.

The mobile phase (eluent) composition: methanol,
and 0.9% solution of phosphate acid in deionised water
(Sigma-Aldrich reagents, Germany).

The substances in the extract were identified by
comparing the retention time and spectral characteristics
of the substances analysed with similar characteristics of
standards according to the PP identification procedure
shown in Fig. 2 [28]. The wavelengths of the
chromatography were 225, 255, 286, and 350 nm [28-
31].
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The following reference substances were used to
identify the substances under study, or determine what
polyphenol groups they belong to: chlorogenic and
caffeic acids (phenolic acids), catechin (catechins), the
flavonols myricetin, quercetin, and rutin, the flavanones
naringenin, naringin, hesperidin, and hesperetin, the
flavones luteolin and apigenin, the anthocyanin cyanidin
(anthocyanins) ~ (Sigma-Aldrich,  Germany). The
identification characteristics of these standards were
obtained under the chromatography conditions described
above. The calibration curves “peak area — reference
substance content” were linear, with an accuracy of at
least r=0.994. Free phenolic acids were determined in
the way described in the works [32,33].

Before the microbiological study, the polyphenol
samples from wheat bran were sterilised at t=120°C,
=20 min. For cultivation, the L. plantarum LB4 Bifidum
BB24 strains of probiotic microorganisms were used.
They were cultivated on an MRS culture medium with
polyphenols added in different concentrations. The
cultivation was carried out by the thermostatic method at
t=30°C, =24 h. After the cultivation, the number of
viable cells was determined by the most probable
number method (MPN) [34].

The medico-biological tests used three groups of
eight male white rats with an average weight of 330-400
g. The first group was intact. The second group included
the animals who had been given the antibiotic
Lincomycin to cause abiosis: the antibiotic had been
administered in 70 mg/kg doses with the drinking water
for 7 days. The third group had also undergone
antibiotic therapy, but with a wheat bran polyphenol
concentrate added to the diet, with the fixed
concentration 2 g/kg, in therapeutic doses, in
combination with products containing live cells of
probiotic microorganisms (Ilg 10.12 CFU/cm?®). The
experimental studies complied with the national General
Ethical Principles for Experiments on Animals.
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Results of the research and their discussion

The enzymatic method of receiving PP has
significant advantages over chemical methods. The main
mechanism of enzymatic hydrolysis is conversion of
insoluble components in a solution. Enzymatic
hydrolysis by multi-enzyme compositions, which
include endo and exo-xylanases, endo and exo-
glucanases, and
B-glucosidases with ferulesterases, is performed under
heterogeneous conditions. Hydrolysis of glycosidasic
bonds of polysaccharides leads to changes in the matrix
structure of grain raw materials (bran), and reduces the
mechanical strength. Since the kinetics of the hydrolase
enzyme action lies in the diffusion zone, which is
explained by the substrate’s low availability, the raw
materials used for the experiments were of a different
particle size (0.59 up to 1.64 mm).

The research  results have shown that
xylooligosaccharides are formed, with a simultaneous
release of polyphenolic compounds, due to
transformation of wheat bran matrix (pre-treated by the
amylolytic enzymes o and y-amylases) in the course of
limited enzymatic hydrolysis by B-xylanases of the
enzyme preparation Viscozyme L, as described in the
section Materials and methods. The total PP yield is 2%
of the bran, which results in redistribution of chemicals
in the dry residue after modification, as shown in
Table 1.

HELC has allowed determining  which
representatives of polyphenols were present in the wheat
bran after their pre-extraction with ethanol. And after
enzymatic treatment, polyphenols were determined in
the supernatant. The results are presented in Table 2.

As it can be seen from Table 2, monomers of
polyphenolic substances in bran are mainly represented
by ferulic acid. After the enzymatic treatment, its
content increased from 40.99 ug/g to 2507.9 ug/g. The
amounts of vanillic, syringic, and salicylic acids
increased significantly, too.

These results can be explained by the following:
during the enzymatic treatment, enzymes with
xylanase, cellulose, and pectinesterase activity
catalysed hydrolytic cleavage of xylooligosaccharides
(X0S), arabinoxylooligosaccharides (ACOS),
hemicellulose, and, partially, cellulose, with the release
of bound polyphenols.

Due to the action of enzymes with Xxylanase
activity, enzymolysates accumulate 33.4% of XOS and
ACOS, as shown in Table 1.

As noted in the review of literature, polyphenolic
compounds, along with antioxidant activity, show
prebiotic properties. To study these properties in wheat
bran polyphenols, we analysed their effect on probiotic
microorganisms in vitro in comparison with classical
grape pomace polyphenols obtained by alcohol
extraction of pomace. The polyphenol composition of
grape pomace is shown in Table 3.
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Table 1 — Chemical composition of bran (n=3, p<0.95)

Original M.odified bran
Parameters Solid | Superna
bran .
residue tant

Protein substances, 13.7 13.3 0.4
%
Lipids, % 3.5 3.02 0.48
Starch, % 22.0 - 22.0
Dietary fibre, % 56.3 45 -
Cellulose 16.3 16.3 -
Hemicellulose 35 4.6 31.4
Lignin 5 5 -
Phytic acid, % 4.1 1.75 2.35
Polyphenols, ug/g 1155 - 1762
Phenolic acids, 1050 B 1216
Ha/g
Flavonols, pg/g 327 54 273

Table 2 — Monomeric composition of wheat
bran polyphenols

Group of monomeric Content, ug/g
components of before after
polyphenols fermentation | fermentation
Gallic acid 32.77 32.77
Protocatechuic acid 3.03 3.03
p-hydroxybenzoic acid 11.17 24.3
Vanillic acid 11.82 30.22
Syringic acid 18.24 52.24
p-Coumaric acid 24.66 136.96
Ferulic acid 40.99 2507.9
Isoferulic acid 26.61 308.81
Salicylic acid 48.2 578.25
Total monomers 217.49 3674.4

Table 3 — Polyphenol composition of grape pomace

Content, Certain Content,
Polyphenols ug/g substances Ha/g
Phenolic
acids 13.70
Catechins 1449.16 catechin 509.48
Catechin-
like 444,48
substances
Rutin 21.11
Flavonols 51.57 Quercetin 5 35
Flavanones 7.73 Naringin 2.78
Stilbenes 21.44 Resveratrol 0
Not
identified 36.72
Total 2024.8

As it can be seen from Table 3, polyphenols of
grape pomace are mainly represented by catechins and
catechin-like substances.

After determining the amounts and types of
polyphenols contained in wheat bran and grape pomace,
the next step was to determine the effect of polyphenols
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from various plant sources on the growth of probiotic
microorganisms.

The results of cultivation are shown in Fig. 4. As
seen in Fig.4, the number of probiotic microorganisms
decreases with an increase in the number of
polyphenols. This can be explained by the powerful
antioxidant properties of polyphenols, which, in turn,
leads to a decrease in the amount of free oxygen in the
medium. Lactic acid microorganisms are aerobic, so the
less oxygen is available, the lower the degree of
accumulation of microorganisms. It can also be noted
that in the samples with polyphenols (at the
concentrations 5 and 10 mg/ml, respectively), there are
more microorganisms than in the control sample. So it
can be concluded that polyphenols of wheat bran and
grape pomace have prebiotic properties. In the samples
with pomace polyphenols, this parameter is lower than
in the bran samples, which can be due to the
peculiarities of the chemical composition of pomace.
Grape pomace is known to contain quite a lot of tannins,
which, along with polyphenols, are released during
extraction, as shown in Fig. 5. It is also a well-known
fact that tannins inhibit microbial growth, so their
presence neutralises, to some extent, the prebiotic effect
of polyphenols.

The study of the effect of wheat bran polyphenols
compared with grape pomace has shown that wheat bran
polyphenols have better prebiotic activity, because their
composition includes polyphenols of different classes,

and besides, because pomace polyphenols contain
tannins that inhibit the growth of probiotic
microorganisms.

10,5 -

10 -

Amount of Lg U/erd
(o]
ol

[N
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10 20
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& Control ® Bran PP £ Pomace PP

Fig. 4. Accumulation of probiotic microbiota
L. plantarum according to the polyphenol concentration

3
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5 10 2
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Fig. 5. Accumulation of probiotic microbiota
B. bifidum according to the polyphenol concentration
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Approbation of results

After the experiments that allowed establishing the
prebiotic properties of polyphenols, it was necessary to
determine how safe these substances are for living
creatures. It was done at the Ukrainian Research
Institute of Transport Medicine.

During the experiment involving the use of a
wheat bran polyphenol concentrate, the test animals
manifested no significant changes in their
morphometric and physiological parameters.

Using the polyphenol concentrate normalised the
morphological composition of intestinal microbiota in
all test groups.

The wheat bran polyphenols introduced in the
experimental animals’ diet in the form of a powdered
dietary supplement caused no functional changes that
could have been attributed to the action of this dietary
supplement.

Thus, the food concentrate of wheat bran
polyphenols can be used as an effective means to
normalise the intestinal microbiota composition.

Conclusion

Polyphenols present in wheat bran have been
identified. High-performance liquid chromatography
has shown that polyphenolic substances in cereals are
mainly ferulic and salicylic acids, their contents being
2507.9 pg/g and 578 pg/g, respectively. Grape
polyphenols are represented mainly by catechins and
catechin-like substances, and their quantities are
1449.16 pg/g and 444.48 ng/g, respectively.

It has been found that most polyphenols are
associated with the bran matrix. The use of Viscozyme
L resulted in high degradation of certain covalent
bonds among the cell wall polymers of the bran, and,
consequently, in high extraction of polyphenols from
the raw material. It has been established that this
method of obtaining the target components under the
optimum conditions (at 45°C, for 5 hours, with pH 6.7
and HM 1:10) increases the yield of polyphenols from
217.49 to 3674.4 ug/g.

The comparative characteristic of the polyphenol
extracts obtained from wheat bran and grape pomace
has shown that the extracts differed in their polyphenol
composition but insignificantly.

The prebiotic properties of polyphenols have been
confirmed. As shown in Fig. 4 and 5, with a certain
concentration of polyphenols, the number of probiotic
microorganisms increases compared to the control,
which proves the prebiotic effect of polyphenols.

It has been shown that a polyphenol extract can be
used as a dietary supplement with antioxidant and
prebiotic properties.

Enzymatically modified wheat bran has been
found to be a potential source of bioactive substances
and antioxidants and can be used as functional food
ingredients.
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AHoTamisi. Y cTaTTi HaBEACHO KOHIETITYaJIbHI ITiIXOM BUPIIIEHHS TEXHOJIOT1YHNX 1 TEXHIYHUX MPOOJIEM IpH CTBOPEHHI
(YHKIIIOHAJTBHUX TIPOAYKTIB XapduyBaHHs. 3alpONOHOBAHO 3arajbHi MiIXOIH IIOJAO 3MiHHM ICHYIOUMX TEXHOJOTIH 3 METOro
TiABUIIEHHS. €(EKTUBHOCTI KOMIUIEKCHOI TepepoOKH CHPOBHHH 1 30UTBIIEHHS BHIYCKY BHCOKOSIKICHHX IIPOIYKTIB Ta
IHIpelieHTIB  XapuyBaHHA 3 AHTUOKCHIAHTHHMH BJIACTUBOCTSIMH. 3JIaKOBI KYIbTYpH € HaifbaraTmmm KeperoM
(YHKIIIOHAJTBHUX 1HTPEIEHTIB 1 OCHOBHOIO CKJIJOBOI0 YAaCTHHOIO B pallioHI XapdyBaHHsS JIIOAWHHU. J[oBeaeHO, IO BeNTHKa
YaCTHHA KOPHCHHMX PEYOBHUH 3HAXOIWUTBCSA Yy HPOAYKTax iforo mepepoOku. Brepme orpumano nomideHonn i3 3epHOBOL
CHPOBHMHH 0i0TE€XHOJIOTTYHUM HUIIXOM. OOPryHTOBHO IOIIIBHICTH IIONEPENHBO0I OOPOOKM CHPOBHHM aMiJONITHYHHMH Ta
MPOTEONITHYHIME (DepMEHTaMH Ul OUMILEHHS Ta PO3LICIUICHHS IIONiCaXapUIHOr0 MAaTPHKCYy. 3TifHO 3aKOHOMIPHOCTI
(epMEHTAaTHBHOTO TiAPONi3y MOJicaXxapyiiB, BUKOPHCTaHO OOpOOKY MIIEHNYHHX BHCIBOK MYIBTH(EPMEHTHUM IpenapaToM
Viscozyme L 3 remiuenronasHo00, LENI0Ia3HO, IeKTHHECTEPa3HOO Ta (epyloecTepasHo aKTUBHOCTSMH, L0 3YMOBHIIO
BUCOKHMH eeKT AeCTPYKIii NeBHUX KOBAJICHTHHUX 3B’SI3KiB MiX MOJiMEPaMH KJIITHHHHUX CTIHOK BHCIBOK i, SIK HACIiJIOK, BUCOKE
BWIIydECHHs TOJIi(EHONB i3 cupoBHHM, Hampukian ¢epynoBoi kuciorn 3 40,99 no 2507,9 mxr/r. Oxapakrepu3oBaHO
MO3UTHBHUI BIUIMB DPOCIMHHHUX MONI()EHONIB HAa KyJIbTHBYBaHHS HPOOIOTMYHMX MiKpoopraHismiB. HamaHo mopiBHSIBHY
XapaKTepUCTUKY NPeOiOTHYHUX BJIACTHBOCTEH MOINiEHONIB OTPUMAHMX 3 IIIEHWYHHUX BUCIBOK, T4 BUHOIPAJHUX BHYABOK.
INokazaHa MOXJIMBICTH 3a JIONIOMOroK ()EPMEHTONI3y MIIEHHYHMX BHUCIBOK 30UIBLIYBATH YACTKY BUIBHUX IOJIi(EHOIIB.
BcraHoBiieHo, 10 eKCTpakT MOMi(eHOINIB 3 MIICHUYHUX BHCIBOK MO)KHAa BHKOPHCTOBYBATH 32 NMPU3HAYCHHSM K €(DeKTUBHUI
AQHTHOKCHJIAHT, KM HE BOJIOJli€ HEraTUBHUM BILUTHBOM Ha CTaH OCHOBHHX (hi310JIOTIUHHUX CHCTEM OpraHi3My.
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