https://doi.org/10.46813/2021-134-177

STUDYING THE INFLUENCE OF PLASMA-CHEMICAL AND OZONE
TREATMENT ON ARTIFICIALLY IMPLEMENTED MICROFLORA
IN MODEL AQUEOUS SOLUTIONS

G.V. T aranl, D.V. Kudinl, 0.0. Zamurievl, P.O. Opalevl, M.O. Yaroshenkoz,
O.M. Komeikovz, V.L. Areﬁevz, M.V. Kalashnik’

"National Science Center “Kharkov Institute of Physics and Technology”, Kharkiv, Ukraine;
’National Science Center “Institute of Experimental and Clinical Veterinary Medicine”,
Kharkiv, Ukraine
E-mail: kudin@kipt.kharkov.ua

The pilot studies have been conducted to determine the biocidal effects of ozone and plasma chemical treatment
for 1, 2, and 3 h on the strain “Moldavian” of infectious rhinotracheitis virus, reference strain of Escherichia coli
ATCC 25922, atypical mycobacteria of the species Mycobacusleum phlei and archival strain of Aspergillus flavus
artificially introduced into aqueous solution. It is shown that both treatments of aqueous solution contaminated with
infectious rhinotracheitis virus have virucidal properties at the level of 95...100%. It was found that bactericidal
(bacteriostatic) effect of ozone treatment for Escherichia coli fluid was 100% for all the time parameters. For plasma
chemical treatment, the bacteriostatic effect (23%) was shown after the treatment within 3 h. The bactericidal (bacte-
riostatic) effect of ozone treatment for water samples contaminated with mycobacteria of the species M. phlei was
only 65% at the treatment for 3 h. There was no bacteriostatic effect for plasma chemical treatment at any exposure.
When studying the fungicidal (fungistatic) properties of ozone treatment for aqueous solution contaminated with a
test culture of Aspergillus flavus, fungicidal properties were established (growth retardation by 95...98%). No fun-

gicidal or fungistatic properties were shown for plasma chemical treatment.

PACS: 52.80. Hc, 52.90.+2,52.75.—d

INTRODUCTION

The issue of clean water closely depends on the as-
sessment of the microbiological spectrum for surface
water used in water treatment systems. Species compo-
sition and quantity of microorganisms in drinking water
are the most important indicators of its quality. Water
contaminated with bacteria, viruses, micromycetes may
cause irreparable consequences for life and health of
animals and humans. Natural water may contain a large
number of different pathogens. Therefore, the issue of
non-harmful disinfection of water, i.e. using the meth-
ods that do not pose any danger to living organisms, is
timely and relevant [1].

Nowadays, alternative methods of water disinfection
(e.g., ozone treatment) become increasingly important.
This can significantly improve the quality of drinking
water and solve many issues that arise when using tradi-
tional methods (e.g., chlorination). It is known that more
than 1000 water supply stations in Europe (France,
Germany, and Switzerland) use ozone treatment as a
part of the overall process. Recently, ozone treatment
has been used in Japan, USA, and CIS countries (Mos-
cow, Kiev, Minsk, etc.) [2].

Due to high oxidative potential, ozone interacts with
many organic minerals, including the protoplasm of
bacterial cells, destroying them [3]. The biocidal action
of ozone is the result of its reaction with fatty acids in a
double bond in the cell walls and membranes of bacte-
ria, in the protein shells of viruses. In case of bacteria,
oxidation leads to the changes in cell permeability and
the transition of cell contents into solution. For viruses,
the change in the protein shell prevents them from being
captured by susceptible cells.
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Ozone has a strong bactericidal, virucidal, sporicidal
and fungicidal action [4, 5]. In particular, the greatest
sensitivity to ozone was observed in both indicator bac-
teria and pathogens. But, at the same time, the sensitiv-
ity of viruses and protozoa to ozone is much lower.
Doses of residual ozone required for water disinfection
at different levels of its contamination, such as enterovi-
ruses (duration of contact 12 min) are the following: at
5...50 IU/dm® — 0.2...0.3 mg/dm?; at 400 —> 0.5 and at
4000...30000 —> 0.8. The parameters of effective
modes depend on the quality of water, technology used,
structure of water treatment plant at specific sites, and in
each case should be specified [6 - 9].

However, for all its advantages, the ozone treatment
method has a number of disadvantages. Ozone is not
active enough in the destruction of phenolic compounds.
During ozone treatment, carcinogenic formaldehyde is
produced, the amount of which should be controlled.
Ozone belongs to the high hazard class of substances, so
it should be used in compliance with all the technologi-
cal rules [10].

Therefore, the search for new methods of water puri-
fication to reduce the disadvantages of ozone treatment,
which could replace or supplement the existing meth-
ods, is an urgent task, especially with the pandemic
caused by the virus COVID-19 in the background.

MATERIALS AND METHODS

In connection with the abovementioned and in order
to study the biocidal effect of ozonme and plasma
chemical (PH) treatment, the pilot studies were con-
ducted on the treatment of water with artificially intro-
duced test cultures: infectious bovine rhinotracheitis
(IBR) of the strain “Moldavian”, Escherichia coli ATCC

177



25922, atypical mycobacteria of the species M. phlei
and museum strain Aspergillus flavus (A.X.5).

The research was conducted on two specially de-
signed and manufactured experimental stands for ozone
and plasma chemical treatment of solutions. On the ex-
perimental stand for ozone treatment of solutions, ozone
synthesis was carried out in laboratory air using the bar-
rierless ozone generator. Then the resulting ozone-air
mixture was bubbled through the solution. On the ex-
perimental stand for plasma chemical treatment of solu-
tions, the gas discharge was ignited directly above the
surface of the solution, i.e. the solution was the anode.

The first stand (Fig. 1) included the following func-
tional units: Secoh sangyo air compressor (Japan) with
the capacity of 50 1/min and the maximum pressure of
up to 12.7 kPa, gas flow meter (PM-4 GU3), “StreamO-
zone” ozone generator, Teledyne instruments (USA)
454H ozone monitor with the range of ozone concentra-
tion measurement of 0.1...100 g/m’, laboratory mattress
to accommodate samples of the test solution and ozone
destructor. The volume of solution in the bubbling con-
tainer was 2 1. Ozone concentration in the ozone-air
mixture was 5 g/m’ at the flow rate of 8 I/min.
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Fig. 1. The system for ozone treatment of the solution
under study
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Fig. 2. The system for plasma chemical treatment
of solutions

The second experimental stand (Fig. 2) included: a
specially designed plasma chemical reactor for dis-
charge formation with one liquid electrode, HV pulsed
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power supply with the maximum capacity of 150 W-h,
1000-ZB water pump with the capacity of 60 1/h, Sun-
Sun ACO-003 air compressor with the capacity of
38 I/min to generate air flow through the discharge gap,
flattened bottle for the samples of the test solution, and
destructor. The HV pulsed power supply generates high-
voltage pulses of microsecond duration (1300 ns) with
the pulse repetition rate of 1...15 kHz and the amplitude
of up to 12 kV. The pulse rise time is 500 ns. The vol-
ume of solution in the system was 4 1.

To correctly compare the experimental results on the
biocidal effect of these treatment methods, the parame-
ter of the same input power per unit volume of the solu-
tion at the level of 20 W/l was selected and kept con-
stant throughout the experiment.

Determination of biocidal properties was performed
by bubbling ozone through the aqueous solution and
using high-voltage discharge on the liquid surface. The
volume of the solution was 2 and 4 dm’, respectively,
with a certain working dilution of each test culture. The
study was performed at room temperature
(18.5 £ 0.5)°C with exposure for 1, 2, and 3 h.

When determining the virucidal effect of ozone and
plasma chemical treatment on viral infection, the adap-
tation and restoration of biological properties for the
transplanted calf kidney culture (NT) was carried out as
well as the restoration of infectious activity for IBR
(IRT cattle, BHV-1) of the strain “Moldavian” after a
long-term storage at -70°C. Standardization of the IBR
viral suspension (made on saline) was performed in ac-
cordance with the infectious activity of the virus.

After each time range, aliquots (2.0 cm®) were taken,
the treated virus-containing mixture was applied to the
cell culture monolayer and co-incubated at
(37.0+0.5)°C for 60 min. Then, the virus-containing
mixture was removed from the cell culture monolayer,
the growth medium (2.0 cm®) was added, and the sam-
ples were incubated at (37.0 £ 0.5)°C until the charac-
teristic cytopathic changes occurred in the control sam-
ples. Determination of the effectiveness for different
treatment variants of virus-containing mixture was per-
formed by evaluating the development of virus-induced
cytopathic effect (CPE) on sensitive cell culture. The
results of the study were analyzed in accordance with
the results of 100% CPE of the virus in monolayer cells
of the control samples. The monolayer state, its integ-
rity, changes in cell morphology for the appropriate
controls and test tubes containing different variants and
exposures of pathogen treatment were taken into ac-
count [11 - 17].

Determination of bactericidal (bacteriostatic) proper-
ties of ozone and plasma chemical treatment was stud-
ied using the reference strain of Escherichia coli ATCC
25922, which was stored at low temperature (-70°C). To
prepare the test sample from cryopreserved bacteria, the
working inoculum of Escherichia coli ATCC 25922 was
prepared with the concentration of 1.0x10% colony-
forming units/ml by successive inoculations on nutrient
media. The results were analyzed using parallel bacte-
rial inoculation of inoculum samples exposed to ozone
and plasma chemical discharge at the abovementioned
time parameters. The bacterial inoculum sample taken
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prior to the experiment and stored unchanged was used
as the control sample.

The research to determine the bactericidal properties
of ozone and plasma chemical treatment against atypical
mycobacteria of the species Mycobacterium phlei was
conducted using a five-day bacterial mass of M. phlei
living culture at the concentration of 200 million/cm”.
The experimental and control samples of water from
each individual flattened bottle taken after the treatment
were studied by the culture method for the presence of
viable colonies of M. phlei [18].

Research on the study of fungicidal (fungistatic) ef-
fects of ozone and plasma chemical treatment on the test
culture of Aspergillus flavus, previously introduced into
aqueous solutions (working dilution =~ 120 spores in
1/5 mm?®), was conducted in accordance with generally
accepted and developed laboratory methods [19 - 21].
To count the number of spores that survived after the
treatment, 3.0 cm® of micromycete-contaminated solu-
tion was inoculated in labeled Petri dishes with Chapek
agar medium and incubated at 25...27°C at the above-
mentioned time. The colony counts were performed on
days 3, 5, and 7. After the cultivation, in the abovemen-
tioned terms, a macroscopic study of the cultures and
comparison with the colonies of museum strains were
carried out. The experimental parameters, in which the

death of spores for the test cultures was ensured by
95...98% in the presence of their growth in the control
sample, were considered to be effective [22].

EXPERIMENTAL RESULTS

When determining the virucidal action of ozone and
plasma chemical treatment, the biological properties for
the transplanted culture of calf kidney (CK) cells was
first adapted and restored, and the activity of IBR virus
in cattle (IBR, BHV-1) of the strain “Moldavian” was
confirmed.

The infectious activity of IBR virus in HT cell cul-
ture was (7.6 1IgTCD 50/cm’). The specified indicator is
defined as a start when studying the efficiency of the
activator disinfection methods.

Determination of antiviral efficiency of ozone and
plasma chemical treatment for the pathogen IBR in vitro
was performed 20 h after the application of appropriate
materials to the cell monolayer and infection with the
virus; the changes in cell morphology and monolayer
detachment at the level of 100% were observed in control
samples (CS). During this time, the cell morphology and
monolayer integrity for the control samples of NT cell
culture remained unchanged (Table 1).

Table 1

Analysis of the results for CPE development in 20 h after infection of CK cell culture with IBR

Ne CS CS CS Ozone PCR
Sample| €€ | 5 lh 2h 3h 1h 2h 3h 1h 2h 3h
1 — -+ -+ 4+ +++ — - — I _ _
2 — -+ -+ 4+ +++ — + — — _ _
3 — -+ -+ 4+ 4+ — — + — + _
4 — 4+ 4+ 4+ 4+ — — — — + +
5 — -+ -+ 4+ 4+ — — — + — _
M 0 100 100 100 90 0 1.00 5.00 1.00 2.00 5.00
m 0 0 0 0 6.12 0 1.00 5.00 1.00 1.22 5.00

Note: “—" no CPE of the virus; “+” — CPE of the virus is at the level of 5%; “+” — CPE of the virus is at the
level of 25%; “++” — CPE of the virus is at the level of 50%; “+++” — CPE of the virus is at the level of 75%;

“++++” — CPE of the virus is at the level of 100%.

With regard to the control samples to determine the
virus viability in saline under the conditions of storage
for 1, 2, and 3 h, as in case of infecting the monolayer
cells with IBR, the damage to monolayer cells and their
detachment from glass were observed at the level of
100%. Some decrease in the reproduction intensity of the
pathogen on NT cells was observed for some samples
after the virus was added to saline and stored for 3 h.

As for the samples of the virus-containing fluid
treated with ozone for one hour, its introduction into the
transplanted culture of NT cells did not cause any
changes in cell morphology, death or exfoliation of the
monolayer, which shows the absence of virus reproduc-
tion at the time of registration. Treatment of the virus-
containing fluid by the abovementioned method for 2
and 3 h with the following application of the obtained
samples to the monolayer of NT cell culture resulted in
the damage of monolayer cells for the individual sam-
ples at the level of 5 and 25%, respectively. In general,
under the conditions of using the specified mode of
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sample treatment for 2 and 3 h and subsequent applica-
tion of the samples to the monolayer, the average pres-
ervation of NT cells was (99.0 £+ 1.0) and (95.0 £ 5.0)%,
respectively.

As for studying the effect of plasma chemical treat-
ment on the reproduction of IBR virus after its treatment
in saline for 1, 2, and 3 h, the results similar to those
described above were obtained. Thus, plasma chemical
treatment for 1 hour led to the inhibition of virus repro-
duction and preservation of the monolayer integrity for
NT cell culture at the level of (99.0 + 1.0)%. Discharge
exposure of the virus-containing fluid for 2, and 3 h
resulted in a virostatic effect, which was characterized
by the preservation of cell morphology and monolayer
integrity at the level of (98.0 + 1.22) and (95.0 + 5.0)%,
respectively. It should be noted that, as in case of ozone
treatment, the damaged cells were observed for individ-
ual samples (1-2 of 5), which requires further study. In
addition, the lack of direct correlation between the
treatment time of the virus-containing fluid and the level
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of virus reproduction inhibition encourages further ad-
vanced research in this direction.

When determining the bactericidal (bacteriostatic)
properties of ozone and plasma chemical treatment in
relation to the reference strain Escherichia coli ATCC
25922, it was found that ozone at all stages of exposure
affected the growth of Escherichia coli: no growth was
observed neither in liquid nor in solid culture media. In
comparison with the control for liquid medium, a uni-
form turbidity was noted, which shows the presence of
bacterial growth. As to the control for dense medium, a
significant growth of small colonies was observed over
the entire surface of the agar.

When studying the effect of plasma chemical treat-
ment at the exposure for 1 h, a dense uniform turbidity

was observed on a liquid culture medium, and a signifi-
cant bacterial growth was observed in a solid medium
over the entire surface of the agar. After 2 h of expo-
sure, a noticeable uniform turbidity of the liquid me-
dium was observed, and the growth of single bacterial
colonies was observed in a solid medium. After the ex-
posure for 3 h no growth of bacteria was observed in
either liquid or solid culture medium in comparison with
the continuous growth in the control for both liquid and
solid cuture medium.

When determining the bactericidal properties of
ozone and plasma chemical treatment against mycobac-
teria of the species M. phlei, the results shown in Ta-
ble 2 were obtained.

Table 2

The results on the study of the bactericidal effect of ozone and plasma chemical treatment on M. phlei

Ne Treatment Exposition, The growth of mycobacteria colonies, days
B method h 1 2 4 5 12 19 26
1 - - +++ FH+ FH+ - -
1 Ozone 2 - - - ++ +++ ++++ 4+
3 - - - + ++ ++ ++
Plasma chemi- 1 - - +++ +++ +++ ++++ 4+
2 . 2 - - +++ +++ +++ ++++ 4+
cal discharge
3 - - - ++ +++ 4+ 4+
3 Control 1 - + -+ -+ -+ -+ -+

Notes: “-” — no growth; “+” — growth of 1...10 colonies; “++” — growth of 10...20 colonies; “+++” — growth

of 20...50 colonies; “++++” — more than 50 colonies

In accordance with the results (see Table 2) of ozone
treatment of water samples contaminated with mycobac-
teria of the species M. phlei at the concentration of
200 million/cm’, the bactericidal effect of ozone was
established only at the exposure of 3 hours.

No bactericidal or bacteriostatic action was found
during the plasma chemical treatment of water samples

contaminated with mycobacteria M. phlei at the concen-
tration of 200 million/cm’ and exposures of 1, 2, and 3 h.
When studying the fungicidal (fungistatic) properties
of ozone and plasma chemical treatment of water con-
taminated with standardized by the number of spores
test culture of Aspergillus flavus at the temperature of
(18.0 £ 0.5)°C and exposure time of 1, 2, and 3 h, the
results presented in table 3 were obtained.
Table 3

The results of mycological studies of tap water, artificially contaminated with Aspergillus flavus, treated with ozone
and plasma chemical discharge

Ne of samples and exposure

Ozone treatment | PCR

Time period for calculating the growth
of colonies for A. flavus (days)

3 5 7 3 5 7
Sample Ne1 —1h - 5 5 + + +
Sample Ne2 -2 h - 3 3 + + +
Sample Ne3 -3 h - 4 4 + + +
Positive control (untreated water with A. flavus culture) + + + + + +

100.0 cm® of nutrient medium)

Negative control (untreated water with A. flavus culture and - - - - -
nystatin added to the nutrient medium (100 thousand IU per

In accordance with the results of Table 3, ozone
treatment has fungicidal properties against the test cul-
ture of A. flavus; at the same time, exposure for 1, 2,
and 3 h did not significantly affect the number of new
colonies, which was 5, 3, and 4, respectively, in com-
parison with the continuous growth of A. flavus in the
positive control and its absence in the negative.
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When determining the fungicidal (fungistatic) action
of plasma chemical treatment, it was found that this
treatment did not affect the growth inhibition of the test
culture in water. The continuous growth of A. flavus
test culture was observed for all the experimental time
exposures.
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CONCLUSIONS

1. Pilot studies were conducted to determine the bio-
cidal effect of ozone and plasma chemical treatment on
IBR virus of the strain “Moldavian”, reference strain of
Escherichia coli ATCC 25922, atypical mycobacteria of
the species Mycobacterium phlei and museum strain of
Aspergillus flavus artificially introduced into the water.

2. It was found that both treatments of aqueous solu-
tion contaminated with IBR virus of the strain “Molda-
vian” had virucidal properties at the level of 95...100%,
regardless of the treatment time.

3. Studies on the bactericidal (bacteriostatic) effi-
ciency of ozone treatment for the aqueous solution con-
taminated with the reference strain of Escherichia coli
ATCC 25922 show 100% bactericidal action for all the
time parameters. For plasma-chemical discharge, the bac-
teriostatic action (23%) is shown at 3-hour treatment.

4. Studies on the bactericidal (bacteriostatic) effi-
ciency of ozone treatment for water samples contami-
nated with mycobacteria of the species M. phlei, show
bacteriostatic properties by 65% only at the treatment
for 3 hours. Plasma chemical treatment show no bacte-
riostatic effect at any time of treatment used in this ex-
periment.

5. When studying the fungicidal (fungistatic) proper-
ties of ozone treatment for the aqueous solution con-
taminated with the test culture of Aspergillus flavus, it
was found that ozone had fungicidal properties against
the test culture of Aspergillus flavus: the growth inhibi-
tion by 95...98% was observed. Plasmochemical dis-
charge had neither fungicidal nor fungistatic properties;
the continuous growth of Aspergillus flavus was shown
at all the experimental parameters.

6. The obtained preliminary results show a significant
effectiveness of both methods on viruses and bacteria.
However, the effect of plasma chemical treatment re-
quires further research. The combined action of ozone
and plasma chemical treatment of water to achieve a bio-
cidal effect and reduce treatment time seems promising.
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UCCJIEJOBAHME BJIMSIHUSI IIJIA3SMOXUMHAYECKOM U O30HOBOM OBPABOTKH
HA HICKYCCTBEHHO BHOCUMYIO MUKPO®JIOPY B MO/IEJIBHBIX BOJIHBIX PACTBOPAX

I'.B. Tapan, /I.B. Kyoun, A.A. 3amypues, I1.0. Onanee, M.O. Apowenxo, O.M. Kopneiixos, B./I. Apeghves,
M.B. Kanawinuxk

[IpoBeneHb! MUITOTHBIE UCCIIEAOBAHUS IO ONPEEICHUI0 OMOIUIHOIO BO3/ICHCTBUS 030HA U TUIa3MOXHUMHUYECKO-
ro paspsina B Tedenue 1, 2 u 3 4 Ha BUpYC MH(QEKIMOHHOTO PHHOTpaxeuTa mramma « MosnaBckuidy, pedepeHTHbIH
mraMM KunredHo# majgouku Escherichia coli ATCC Ne25922, atunuuHple MUKOOakTepuu Buaa Mycobacterium
phlei n my3eiinbiii mramm Aspergillus flavus, MckyccTBeHHO BHeceHHBIe B Boay. [lokazaHo, uTo o0e 00paboTKH
BOJTHOTO PacTBOpa, KOHTAMUHUPOBAHHOT'O BHPYCOM HH(EKIIMOHHOI'O PUHOTpaxenTa, OOHAPYKMWIN BUPYJICHUIHbIE
cBoiictBa Ha 95...100%. YcraHOBIEHO, uTO OakTepuItuaHas (OakrepuocraThyeckas) 3(G(eKkTHBHOCTh 030HUPOBA-
HUS BOZBI C KUIIEYHOU masioukoi coctasisia 100% st BceX BpEMEHHBIX MapaMeTpoB, a IS MIa3MOXUMHYECKOT O
paspsia bakTeprocTaTHueckoe neiicteue (Ha 23%) mposBuiiochk npu o0padotke B TeucHue 3 4. [Tpu sToM OGakTepu-
uuaHas (6akrepuocratiyeckas) 3pQekTHBHOCTh 030HMPOBAHHMS MTPOO BO/BI, KOHTAMHUHUPOBAHHBIX MUKOOAKTEPUSI-
My Buga M. phlei, cocraBnsia 65% Tonbpko i 3kcmo3uiu 3 4. O0OpaboTKa MIa3MOXUMHUYCSCKUM pPas3psAiIoM HeE
BbIsSIBIIIa OakTeprocTatuueckoro agdexra npu skcro3unud. [Ipu uzydeHun GyHrumuaHbx (yHrHCTaTHIECKHUX )
CBOWCTB 030HOBOI 00paOOTKH BOJHOTO pacTBOpa, KOHTAMUHUPOBAHHOI'O TecT-KyabTypoii Aspergillus flavus, ycra-
HOBWJIM (D)YHTHITUTHBIE CBOMCTBA — OOHAPYKUIIU 3aJIepKKy pocTta Ha 95...98%. [Inasmoxumudeckas oopaboTka He
NpOsIBUIIA HUA (DYHTHUIMAHBIX, HU ()YHTHCTATHYECKUX CBOMCTB.

JTOCJIJI)XEHHS BILIUBY ILJIASMOXIMIYHOI TA O30HOBOI OFPOEKH
HA ITYYHO BHECEHY MIKPO®JIOPY B MOJAEJBbHUX BOAHUX PO3YNHAX

I.B. Tapan, /I.B. Kyoin, O.0. 3amypies, I1.0. Onanes, M.O. Apowenko, O.M. Kopneiikos, B.JI. Apegh’es,
M. B. Kanawinik

[IpoBeneHo MiIOTHI AOCIIIKEHHS II0OA0 BU3HAUEHHs OiOMUIHOTIO BILIMBY O30HY Ta IUIA3MOXIMIYHOTO PO3PSIAY
BIIponoBX 1, 2, Ta 3 Ton Ha Bipyc iH(peKIiiiHOr0 puHOTpaxeiTy mramMmy « MonaaBCchKuit», peepeHTHU mTaM Kull-
koBoi manuuku Escherichia coli ATCC Ne25922, atumnosi mikoOakrepii Bugy Mycobacterium phlei ta my3einuit
mram Aspergillus flavus, siki mTydso BHeceHi 1o Boau. ITokazaHo, mo o6uaBi 0OpOOKK BOAHOTO PO3YHMHY, KOHTA-
MIHOBAHOT'O BipycOM iH(EKIIHHOrO pUHOTPaxeiTy, BUSBWIN BipyJilmiHi BiacTuBocTi Ha 95...100%. BeraHoBieHo,
mo OaktepuituaHa (OakTepiocTaTHYHA) SPEKTUBHICTH O30HYBAHHS PIAWHHM 3 KHIIKOBOI IAJHUYKOI CTaHOBHJIA
100% my1st BCiX 4acOBHX MapaMeTpiB, a I IIa3MOXIMIYHOro po3psiay OakTepiocTaTiHuHa 1ist (Ha 23%) mposiBIIIOCS
npu 00poOku BrponoBx 3 roxa. Ilpu npomy OaktepununHa (OakTepioctaTndHa) e(DeKTHBHICTH O30HYBaHHS MPOO
BOJIM, KOHTAaMiHOBaHUX MikoOakrepismu Buay M. phlei, cknagama 65% Tinbku 3a excrio3uiii 3 roa. O0poOka riaz-
MOXIMIYHAM PO3PSIIOM He BUSIBHIIA OakTepiocTaTHdHOro eeKTy 3a xomHoi ekcro3uuii. [Tpu BuB4YeHHI QyHrinma-
HUX (pyHricTaTHYHUX) BJIACTUBOCTEW O30HOBOI OOpPOOKHM BOIHOIO PO3YMHY, KOHTaMiHOBAHOT'O TECT-KYJIBTYPOIO
Aspergillus flavus, BcranoBuim QyHrIIMIHI BIaCTUBOCTI — BUSBWIIM 3aTpUMKY pocTy Ha 95...98%. [Tnazmoximiy-
HUH O3PS HE BUSIBHUB Hi (DYHTIIWIHUX, aHi (YHI1CTAaTUYHUX BIACTUBOCTEH.
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