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The experimental results on the effect of grain treatment with ozone-air mixture on the level of artificial grain
contamination with micromycetes are presented. The contamination dynamics for 1000 kg of wheat grain
contaminated with Penicillium nordicum and Aspergillus flavus and stored in the prototype grain storage unit in
ozone environment for 6 months is shown. The study on the effect of ozone on the growth inhibition of Aspergillus
flavus for maize grain and Penicillium verrucosum for wheat grain in a 100 dm? silo is presented. The effect of
ozone on the content of aflatoxins in maize grain additionally contaminated with Aspergillus flavus is studied. The
efficiency of ozone technologies for large-scale grain storage, as well as for reducing fungal contamination and

controlling mycotoxin content in food grains, is shown.
PACS: 52.75.-d, 52.77.-j, 52.90.+z, 81.20.-n

INTRODUCTION

The most attractive aspects of its application in
comparison with the traditional chemical and
technological processes are no liquid solutions required
and significantly lower energy consumption in these
plasma processes. Plasma processes are potentially
environmentally-friendly.

Also, plasma processes are more energy efficient.
Physical and chemical activities of plasma have been
known for more than 100 years. However, the systematic
extensive studies on chemical reactions under such
conditions began only in the late 50s after significant
advances in plasma physics were achieved and high-
voltage equipment was developed [1].

The main feature of plasma-chemical processes is that
many reactive particles, such as excited molecules,
electrons, atoms, atomic and molecular ions, free radicals
(some of these particles can be formed only in plasma)
responsible for the new types of chemical reactions, are
formed in plasma in much higher concentrations than
under normal conditions of chemical reactions. Plasma-
chemical reactions, as a rule, are multichannel processes,
due to which the whole variety of experimental reactions
is determined in low-temperature plasma. [2, 3]. By
changing the conditions of plasma generation and
regulation of its composition, reactions can be directed
through one or another channel [4].

The main feature of plasma-chemical processes is
formation of reactive particles in plasma in much higher
concentrations, than under normal conditions of chemical
reactions. The reactive articles such as excited molecules,
electrons, atoms, atomic and molecular ions, free radicals
(some of these particles can be formed only in plasma)
are responsible for new types of chemical reactions.
Plasma-chemical reactions, as a rule, are multichannel
processes, due to which the whole variety of
experimental reactions is determined in low-temperature
plasma. [2, 3]. By changing the conditions of plasma
generation and regulation of its composition, reactions
can be directed through one or another channel [4].
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One of the most promising types of gas discharge for
effective implementation of plasma-chemical processes is
a barrierless discharge which occurs in sharply
inhomogeneous electric fields and is characterized by a
diffuse glow in the discharge gap. This type of discharge
is characterized by ionization propagation over the entire
discharge gap, which makes it possible to obtain large
amounts of weakly ionized gas at atmospheric pressure
[5].

The issue of environmental pollution and
contamination of feed substrates with the spores of
microscopic fungi becomes more acute every year [6-9].
This problem is associated with violation of ecological
balance in myco- and microcenoses, increasing the
photooxidant concentration in the atmosphere (air
pollution), decreasing the resistance to phytopathogens
and using fertilizers and pesticides

Each type of parasitic fungi has its own physiological
characteristics and methods of influence on the growth
substrate, respectively. The development of such fungi as
Aspergillus flavus in maize grain and Penicillium
verrucosum in wheat grain during storage leads to
product quality deterioration. As a result, such grain
cannot be used for food purposes [7]. Therefore, the main
goal of the experimental studies was to determine the
ozone treatment effect on the level of contamination with
micromycetes at artificial contamination. A wheat grain
was artificially contaminated with  Penicillium
verrucosum and a maize grain — with Aspergillus flavus.
The effect of ozone on the content of aflatoxins in maize
grain additionally contaminated with Aspergillus flavus
was studied.

MATERIAL AND METHOD

The effect of ozone on fungal infection was studied
using the prototype unit for wheat storage in ozone
environment. The prototype consists of the following
functional units: the air compressor GOORUI (China)
with a capacity of up to 47 m*h and the maximum
pressure of up to 100 kPa, the float-type flowmeter
(DFG-25), the ozone generator "Stream Ozone" with the
maximum ozone productivity of 10 g/h, the ozone meter
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"Stream Ozone™ with a measurement range of
0...1000 ppm, the silo prototype with a volume of 2 m®
made of moisture-resistant wooden board OSB-3 to
accommodate 1 t of grain (Fig. 1). Some part of grain
(250 kg) was artificially contaminated with a complex of
fungi (Aspergillus flavus and Penicillium nordicum) to
study.

Ozone-air mixture with the flow rate of 17 m*/h was
fed to the grain. Ozone concentration in the mixture was
100 mg/m*® (~50 ppm). The treatment was carried out
every other week within 3 days. Sampling was carried out
once a month. Both the quantitative (the number of
spores in 1 g of grain) and qualitative characteristics of
contamination (the percentage of contaminated grain in
its total mass) were studied. During the experiment, the
ambient temperature was monitored.

Fig. 1. The silo simulator for a ton of grain

To study the effect of ozone on the inhibition of
Aspergillus flavus and Penicillium verrucosum growth
in artificially contaminated maize and wheat (grain
weight of 100 kg, respectively), a model silo with the
volume of 100 dm® was developed (Fig. 2). The grain
was treated for 3 days once in 2 weeks in a 100-liter silo
simulator. Ozone concentration in the mixture was
100 mg/m?. The grain was stored at the temperature of
15...20 °C and humidity of 40...50 %.

Fig. 2. The silo simulator for 100 kg of grain

The content of mycotoxins in wheat and maize
samples was studied using a specially designed
experimental stand. The experimental stand included
such functional units as the air compressor “Secoh
sangyo” (Japan) with the capacity up to 50 I/min and the
maximum pressure up to 12.7 kPa, gas flow meter (RM-
4 GU3), laboratory ozone generator “Ozone-agro 1L,
ozone monitor “Teledyne instruments” (USA) 454H
with the measuring range of 0.1...100 g/m® test
chamber for samples and ozone destructor (Fig. 3).

Liquid chromatography method (LC/MS/MS) was
used to study the content of Aflatoxins (B1, B2, Gl1,
G2) in the wheat grain volume additionally
contaminated with Penicillium verrucosum at a low
level of fungal contamination (less than 1-10* spores/g).
The samples of wheat and maize grain were treated with
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ozone-air mixture for 3 days. The ozone concentration
was 100 mg/m®.
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Fig. 3. The block diagram of the third experimental
stand

To obtain a high level of fungal contamination (about
3-10° spores/g), the culture of Aspergillus flavus was
incubated on a sterile maize grain at the humidity of 70%
and temperature of 27 °C for 14 days in thermostat. Then
the whole mass of the contaminated maize was divided
into two parts in the ratio of 1 to 3. One part was kept as a
reference and 3 parts were treated with ozone at the output
concentration of 100 mg/m?. The samples of treated maize
were taken after 3, 4, and 5 days of treatment.

Mycotoxin content was determined in accordance with
the “Guidelines for sanitary-mycological assessment and
improvement of feed quality” by thin-layer
chromatography (TLC) on “Sorbfil” plates. The plates
were chromatographed in TEM (toluene-ethyl acetate-
formic acid) system at the ratio of 6:3:1. To detect
Aflatoxin B, the plates were examined under a UV
radiation source with the wavelength of 254 and 365 nm
(chromatographic emitter UFS-254). Aflatoxin B was
visualized as a fluorescent bright blue spot of Rf of 0.36.

EXPERIMENTAL RESULTS

As a result of studies, it is shown that ozone-air mixture
has inhibitory effect on the spores of the studied
microscopic fungi. The research lasted within 6 months
(November 2018-May 2019) has shown that ozone inhibits
fungus growth during storage. The percentage of
contamination with Aspergillus flavus after ozone
treatment at wheat storage for 6 months without additional
contamination with Penicillium nordicum averaged 25 %
(75 % was inhibited).

The percentage of residual contamination with
Aspergillus flavus at additional contamination with
Penicillium nordicum was 40% (60% was inhibited). At
contamination with Penicillium nordicum, the percentage
of residual fungal contamination in both cases was 40 %
(60 % was inhibited). Variability of data on the quantitative
content of micromycetes at different periods of storage is
associated with temperature fluctuations and uneven
contamination distribution over the stored grain volume.
Changes in the level of fungal contamination with
Aspergillus flavus are shown in Figs. 4, 5.
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Fig. 4. Dynamics of the influence of ozone-air mixture
on Aspergillus flavus contamination for 6 months (in %)
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Fig. 5. Dynamics of the influence of ozone-air mixture
on Aspergillus flavus contamination for 6 months
(in CFU/g)

The Ozone effect on the development of Aspergillus
flavus in artificially contaminated maize, as well as of
Penicillium verrucosum in artificially contaminated
wheat (grain samples were taken 2 times a month) was
studied during the experiments. It has been found that
ozone not only inhibits fungal growth and its content in
samples, but also reduces significantly d the number of
colonies in 1 g of grain (from 3 to 6 times in different
grain samples) (Figs. 6, 7).
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Fig. 6. The influence of ozone-air mixture on
Aspergillus flavus in maize grain
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Fig. 7. The influence of ozone-air mixture on
Penicillium verrucosum in wheat grain

The effect of ozone on the content of mycotoxins in
wheat and maize samples was studied. As a result of the
experiments, it was shown that at a low level of wheat
grain  fungal contamination  with  Penicillium
verrucosum (less than 1-10* spores/g), Aflatoxins (B1,
B2, G1, G2) were not detected in both control and
treated samples (less than 0.002 mg/kg). Then, the
content of Aflatoxins at a high level of fungal
contamination (about 30-10* spores/g) was studied. The
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culture of Aspergillus flavus was grown on sterile maize
grain at the humidity of 70% and temperature of 27 °C
for 14 days in thermostat.

Maize grain contaminated with Aspergillus flavus is
shown in Fig. 8 after the treatment with ozone-air
mixture.

Fig. 8. Maize grain contaminated with Aspergillus
flavus and treated by ozone during 3, 4, and 5 days

In Fig. 9, the “Sorbfil” plate is shown in the process
of chromatographic run.

Fig. 9. The plate with Aflatoxin stains in the
process of chromatographic run

Changing Aflatoxin B content (in mg/kg) in the
reference sample as well as in samples treated with
ozone-air mixture for 3, 4, and 5 days is presented in the
graph (Fig. 10).
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Fig. 10. Changes in the content of Aflatoxin B for
the control sample and after the treatment with ozone-
air mixture
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In the graphs above, it is shown that ozone reduces
the content of Aflatoxin B in maize grain by more than
2 times in 5 days of treatment.

CONCLUSIONS

As a result of studies carried out using a 1000 kg
grain silo, a persistent effect of growth inhibition for
Aspergillus flavus up to 75 % and Penicillium nordicum
up to 60 % was shown during 6 months. Additional
contamination of the part of grain volume with
Penicillium  nordicum  reduced the level of
contamination inhibition for Aspergillus flavus to 60 %.
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The ozone effect on the development of
micromycetes in maize and wheat grain artificially
contaminated with Aspergillus flavus and Penicillium
verrucosum respectively in 100 kg silo was studied. It
was found that ozone inhibited the growth of fungal
contamination and the number of colonies in 1 g of feed
grains decreased on average by 3-6 times.

In accordance with the experimental results on the
effect of ozone on the content of mycotoxins in wheat
grain contaminated with Penicillium verrucosum at a
low level of contamination (less than 1.0-10* spores/g),
Aflatoxins (B1, B2, G1, G2) were not detected (less
than 0.002 mg/kg). At a high level of maize grain
contamination with Aspergillus flavus (more than
3.0-10° spores/g), the content of Aflatoxins decreased by
2.5 times (by 60%). These data are consistent with the
results of changes in the number of spores after the
treatment with ozone-air mixture.

Thus, the efficiency of ozone technologies for large-
scale storage of grain was shown both to reduce the
level of fungal contamination and control the content of
mycotoxins in food grains.

ACKNOWLEDGEMENTS
This work has been carried out within the
framework of the MycoKey project of the European
Horizon 2020 program.

REFERENCES

1.L.S. Polak, A.A. Ovsyannikov, D.l. Slovetskiy.
Theoretical and applied plasma chemistry. M.:
«Nauka», 1975, 304 p.

2. 0.V. Manuilenko,  A.Yu. Dulphan, V.I. Golota,
D.V. Kudin. Ozone decay in chemical reactor with the
developed inner surface: air-ethylene mixture //
Problems of Atomic Science and Technology. Series

«Plasma Electronics and New Methods of Accelerationy
(116). 2018, Ne 4, p.139-143.

3.V.l. Golota, O.V. Manuilenko, G.V. Taran,
L.M. Zavada, D.V. Kudin Decomposition of ethylene in
low temperature plasma of barrier less discharge //
Problems of Atomic Science and Technology. Series
«Plasma Electronics and New Methods of Acceleration»
(116). 2018, Ne 4, p.160-163.

4.Mc Taggart F. Plasma-chemical reactions in
electrical discharges. M.: «Atomizdaty, 1972, 256 p.

5. V.l. Golota, G.V. Taran, A.A. Zamuriev,
P.O. Opalev, S.G. Pugach, S.N. Mankovskyi,
V.P. Petrenkova, |.N. Nyska. The use of ozone

technologies in grain storage // Problems of Atomic
Science and Technology. Series «Plasma Electronics
and New Methods of Acceleration» (116). 2018, Ne 4,
p. 185-188.
6. A.M. Kholdoenko. Epizootological monitoring under
the conditions of industrial poultry farming // Extended
abstract of Cand. Sci. (Veterinary Science) Dissertation.
2002, v. 24, p. 123.
7.V.l. Bilay, N.M. Pidoplichko. Toxin-forming
microscopic fungi and the diseases they cause in
humans and animals. K.: «Naukova Dumkay», 1970,
291 p.
8. D. Sutton.  Determinant of pathogenic and
opportunistic fungi: Translation from English. [Text] /
Manual for universities / O. Sutton, A. Fothergill,
M. Rinaldi; under general editorship of D.G.
Zvyagintsev. M.: «Mir», 2001, 487 p.
9.S.V. Abraskova, Yu.K. Shashko, M.N. Shashko.
Biological safety of feed. Minsk: «Belaruskaya
Navukay, 2013, 257 p.

Article received 10.09.2020

MJIABMOXUMHYECKHA METOJ KOHTPOJISA KOHTAMUHALIMUA T'PUBHON WHOEKIMENR
3EPHOBBIX KYJIBTYP

I'.B. Tapan, C.I'. Ily2au, A.A. 3amypues, I1.0. Onanes, M.O. Apouwienko

[prBeieHBI PE3yIbTATH IKCIEPUMEHTAIBHBIX HUCCICAOBAHUN BIHSHHS O0OpabOTKH O30HOBO3IYIIHON CMECHIO
3€PHOBBIX KYJIBTYp Ha CTEIEHb HX KOHTAMHHAIIMA MHUKPOMHUIIETAMH [IPU UCKYCCTBEHHOM 3apaxeHuu. Mccmenopana
JUHAMHUKA CTENeHW KOHTaMHMHAlMKM 3epHa mmeHunbl Maccoil 1000 kr, koTopoe ObLIO 3apakeHo TpUOHOI
unpexnueir Penicillium nordicum u Aspergillus flavus u xpaunnocs B mpoTOTHIIE MTPOMBIIIICHHONW YCTAHOBKH ISt
XpaHEHWsI 3epHa B Cpele 030HA B TedeHHe 6 MecsueB. [IpUBEJEHO HCCIEAOBAaHUE BIWSHHS O30HA HA YTHETCHHE
pocta mukpomuiieroB Aspergillus flavus na 3epue kykypy3sl u Penicillium verrucosum na 3epHe HIICHHIBI B
MozebHOM critoce oGbemom 100 av®. TIpoBeeHO HeCeI0BaHNE BIMSHIS 030HA HA COEpIKaHue adIOTOKCHHOB B
3epHE KyKypy3bl, momosHuTenbHO 3apaxenHom Aspergillus flavus. Tlokasana >((eKkTHBHOCTD 030HOBBIX
TEXHOJOTUIl Ul XpaHEHMs] NPOMBILUICHHBIX MApTUHl 3epHAa KaK ISl CHIDKCHHsS KOHTaMHMHALMH TPHOKOBOM
HHGEKINH, TaK U JUTT KOHTPOJISI COIEPIKaHMsI MUKOTOKCHHOB B ITPOJIOBOJICTBEHHOM 3€pHE.

TIJTA3BMOXIMIYHUI METO KOHTPOJIIO KOHTAMIHAIIIL TPUBHOIO THOEKIIEIO
3EPHOBHUX KYJIBTYP

I.B. Tapan, C.I'. IIyzau, O.0. 3amypics, I1.0. Onance, M.O. HApouwienxo

HaBeneHo excrnepuMeHTaNbHI pe3ysIbTaTH 3 BIUIMBY OOpOOKH 3epHAa O30HOMOBITPSHOIO CYMIIINII0 Ha PiBEHb
LITYYHOTO 3apakeHHs 3epHa Mikpominetamu. HaBeneno mauHamiky 3a0pyaHeHHs 1000 kr 3epHa MIICHHII,
3apakeroro Penicillium nordicum i Aspergillus flavus, sike 36epiranocs B IpOTOTHIII 36PHOCXOBHILA B 030HOBOMY
cepeloBHILl POTAroM 6 MicsuiB. [IpeacTaBieHo MOCHiIKEHHS BILUIMBY O30HY Ha mpurHiueHHs pocty Aspergillus
flavus mist 3epra kykypymsu i Penicillium verrucosum st 3epHa nmenuii B cuioci o6'emom 100 am°. Busueno
BIUTUB O30HY HAa yTpUMaHHs aQlIaTOKCHHIB Yy 3epHi KyKypyaA3u, monatkoBo 3apaxenoro Aspergillus flavus.
IMoka3aHa e(eKTHBHICTh 030HOBUX TEXHOJOTIHM ISl BENUKOMACIITAOHOTO 30epiraHHs 3epHa, a TAKOXK IS HUKCHHS
IpuOKOBOTO 3apa’keHH i KOHTPOJIIO BMICTY MIKOTOKCHHIB Y IIPOIOBOJIEYOMY 3€PHI.
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