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The possibility and effectiveness of control of biotic contaminants (bacteria, micromycetes) with ozone and air
activated by the plasma chemical reactor were studied as an alternative to the chemical methods of treatment using
the model of hatching eggs. It was shown that as a result of the egg shell ozone treatment, bacterial contamination
decreased by 3083 times after four days of treatment, and the level of microbiota decreased by 2.6 times after five
days of treatment. As a result of the egg shell air treatment, bacterial contamination decreased by 30.56 times after
three days of treatment, and the level of contamination with microscopic fungi decreased by 6.9 times on the fifth
day of treatment. As the amount of OH radicals in the activated air increased, the level of bacterial culture decreased
by 60 times on the third day of treatment, and the level of egg shell contamination with microscopic fungi decreased

by 7.2 times on the fifth day of treatment.
PACS: 52.75.-d, 52.77 .4, 52.90. +z

INTRODUCTION

Low-temperature plasma is now widely used to
solve not only a variaety of scientific issues, but also
specific production tasks. The most attractive aspects of
its application are related to the fact that no liquid solu-
tions are required for plasma processes (i.e. plasma pro-
cesses are potentially environmentally-friendly) in com-
parison with the traditional chemical and technological
processes. Also, plasma processes are more energy effi-
cient. Physical and chemical activities of plasma have
been known for more than 100 years. However, the sys-
tematic extensive studies on chemical reactions under
such conditions began only in the late 50s after signifi-
cant advances in plasma physics and the development of
high-voltage equipment [1].

The main feature of plasma-chemical processes is that
many reactive particles, such as excited molecules, elec-
trons, atoms, atomic and molecular ions, free radicals
(some of these particles can be formed only in plasma),
which are responsible for the new types of chemical reac-
tions, are formed in plasma in much higher concentra-
tions 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. By
changing the conditions of plasma generation and regula-
tion of its composition, reactions can be directed through
one or another channel [2].

One of the most promising types of gas discharge for
effective implementation of plasma-chemical processes is a
barrierless discharge which occurs in sharply inhomogene-
ous 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 [3].

Taking into consideration that ecological balance is
violated in myco-and microcenoses, photooxidant con-
centration is increased in the atmosphere (air pollution),
resistance to phytopathogens is reduced and the use of
fertilizers and pesticides (fungicides, insecticides, herbi-
cides) is poorly balanced, the issue of environmental
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pollution and contamination of feed substrates with the
spores of microscopic fungi becomes more acute every
year [4 - 7].

It is known that over 25 species of micromycets of
such genera as Aspergillus, Penicillium, Mucor, Fusari-
um, Rhizopus are the permanent representatives of mi-
crobiota which is not only responsible for crop damage,
but also for respiratory and alimentary mycoses in farm
animals and poultry as a result of its growth in the mu-
cous membranes while getting into the living organism
with air or feed [5].

The use of chemicals for disinfection is extremely
widespread. Today, there is a large number of disinfect-
ants which include such active ingredients as halogens,
alcohols, peroxides, phenols, quaternary ammonium
compounds, aldehydes, tertiary amines, acids.

With all the variety of disinfectants, the number of
components included in their composition is very lim-
ited. Each of these components has a specific spectrum
of antimicrobial activity, which is responsible for the
effectiveness of the disinfectant [8, 9].

The main disinfectants have significant drawbacks:
multistage disinfection process, high cost of reagents,
accumulation of environmentally destructive residuals
from exhausted solutions, resistance to the disinfectants
being used etc. [10, 11].

Therefore, the use of the plasma-chemical control
methods in poultry farming is of current interest as an
alternative to the use of chemical disinfectants.

Based on the abovementioned, the main task was to
study the plasma-chemical methods for controlling the
contaminants of biotic origin (bacteria, micromycetes)
using the model of hatching eggs.

MATERIAL AND METHOD

To study the plasma-chemical methods for biotic
contamination control, the object under study (the shell
surface of hatching chicken eggs) was placed into the
test chamber and treated with ozone and air activated by
the plasma-chemical reactor.

The studies were conducted using two specially de-
signed and manufactured experimental stands.
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The first experimental stand included such function-
al units as the air compressor “Secoh sangyo” (Japan)
with the capacity up to 50 I/min and the maximum pres-
sure up to 12.7 kPa, the gas flow meter (RM-4 GU3),
the laboratory ozone generator “Ozone-agro 1L”, the
ozone monitor “Teledyne instruments” (USA) 454H
with the measuring range of 0.1...100 g/m’, test cham-
ber for samples and ozone destructor (Fig. 1).

AR FLOWMETER OZONE GENERATOR
COMPRESSOR

AIR =
@ OZONE ANALYZER
U [ TREATMENT
AR —m= AIR —= i AR +03’_‘+::l§':: - OBJECT

AIR + O3

TEST CHAMBER

DESTRUCTOR

L
B

HIGH VOLTAGE
POWER SUPPLY

Fig. 1. Block diagram for the first experimental stand

At the first stage of the experiment, the egg shell
was treated with ozone in the test chamber (0.504 g O;
passed through the 0.21 m’ test chamber every 24 hours
of ozone generator operation).

The second experimental stand included the following
units: a specially designed plasma-chemical reactor
equipped with air fan and high-voltage DC power supply
unit having the maximum voltage of 10 kV and the
maximum load current of 10 mA, test chamber with
hatching egg samples placed in it, water container (Fig. 2).
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Fig. 2. Block diagram for the second experimental stand

The automatic incubator “INKI-220S” of 265 dm® was
used as a test chamber.

While determining bacterial contamination of chick-
en eggs, each egg shell was swabbed with sterile cotton
buds. After this, the swabs were placed into the nutrient
broth and then cultivated in such growth media as blood
agar, SS agar and Endo agar, which were prepared in
accordance with the manufacturer's instructions. Bacte-
rial isolates were identified by analyzing their cultural,
morphological (macro- and microscopy) and biochemi-
cal characteristics. Namely, the macroscopic morpholo-
gy was characterized by size, shape, contour, color and
changes in different media. Bacteria were stained by the
Gram method and examined via light microscopy using
an 100X immersion objective. Biochemical tests were
carried out using the generally accepted list of parame-
ters, including coagulase, catalase, oxidase and
IMVC [12 - 15].

The level of egg shell contamination with micro-
scopic fungi in the test chamber was determined for the
three stages of the experiment by collecting the wipe
samples from the egg shell after 72, 96, and 120 hours
of treatment in triplicate from each experimental group.
After this, serial dilutions (1:1000 was considered as a
working dilution) were prepared, the Czapek-Dox agar
and wort agar were sown in Petri dishes with dense
growth media at the temperature of (27.0 + 0.5) C°. In-
oculation efficiency was determined and micromycets
were identified on days 3, 5, 7, and 10 [5, 6, 9].

EXPERIMENTAL RESULTS

While determining the effect of ozone treatment on
microbiological contamination in the egg shell, the fol-
lowing results were obtained (Table 1).

The total bacterial contamination (see Table 1) in the
egg shell (CFU/cm®) decreased by 102.8 times after
three days of ozone treatment, and by 3083 times after
four days of ozone treatment.

Table 1

The level of bacterial egg shell contamination after ozone treatment

Total bacterial contamination

Timing of sample collection Modes of ozone generator operation CFU/em’

Before treatment, control sample - 3.7-107

Three days of treatment Amount of Oj passing through the test 3.6.10°
chamber—1.512 g

Four days of treatment Amount of O; passing through the test 12-10*

chamber —2.016 g

Five days of treatment

Amount of O; passing through the test
chamber —2.520 g

No growth of microorganisms

The most effective was ozone treatment for five
days — the growth of microorganisms was absolutely
absent; i.e. ozone has shown its bactericidal properties.

When studying the effect of ozone treatment on the
egg shell background mycobiota, the results presented
in Table 2 were obtained.

In accordance with the obtained results (see Ta-
ble 2), ozone treatment for five days was the most effec-
tive. The level of contamination decreased by 2.6 times
(contamination level of the control sample was
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0.775x10*, on the fifth day of the experiment —
0.300x10* spores per 1 cm® of dilution).

Mycobiota composition in the control sample was
represented by such species as Rhizopus mycrosporus,
Aspergillus fumigatus, Alternaria alternata, Penicillium
lanosum, Mycelia sterilia, and in the experiment it was
represented by Rhizopus mycrosporus, Penicillium
lanosum, Alternaria alternata, Mycelia sterilia. 1t is
obvious that ozone treatment contributed to the growth
inhibition of Aspergillus fumigatus, that is potentially
toxic and mycosis-causing species.
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Table 2

The level of egg shell contamination with microscopic fungi after ozone treatment

Timing of sample
collection

Modes of ozone generator
operation

Species and actual level of contamination
(spores per 1 cm’ of dilution)*

Before treatment,
control sample

Rhizopus microsporus, Aspergillus fumigatus,

Alternaria alternata, Penicillium lanosum, Mycelia sterilia.

Contamination level — 0.775-10* spores

Rhizopus microsporus, Alternaria alternata, Penicilli-

Three days Amount of O; passing through um lanosum, Aspergillus fumigatus, Cladosporium spp.
of treatment the test chamber — 1.512 g .2 4
Contamination level — 0.650-10" spores
Aspergillus fumigatus, Rhizopus microsporus, Penicillium
Four days Amount of O; passing through | pallidum, Aspergillus proliferans, Penicillium lanosum,
of treatment the test chamber —2.016 g Penicillium casei, yeast-like fungi.
Contamination level — 0.575-10* spores
. . Rhizopus microsporus, Penicillium lanosum,
Five days Amount of O; passing through Al]t)ernaria alfernata Moycelia sterilia.
of treatment the test chamber — 2.520 g ’

Contamination level — 0.300-10* spores

Note* inoculation efficiency was determined for 1:1000 dilution

The next stage of the experiment was to study the ef-
fect of the egg shell treatment with air activated by the
barrierless discharge on the contamination level and the
species of biotic contaminants (bacteria, micromycetes).

When air treatment was performed, it was found that
the level of contamination decreased to 3.6x10* CFU/cm’

after three days of treatment, while the total bacterial
contamination was 1.1-10° CFU/cm® prior to the treat-
ment. l.e. bacterial contamination decreased by
30.56 times, and after four days of microbial growth, no
contamination was detected (Table 3).

Table 3

The level of bacterial contamination in the egg shell treated with air activated by the plasma chemical reactor

Timing of sample

Operation mode of plasma chemical

Total bacterial contamination

collection reactor CFU/cm’
Before treatment, control sample - 1.1-10°
Three days of treatment Discharge power — 190 W-h 3.6-10*

Four days of treatment

Discharge power — 380 W-h

No growth of microorganisms

Five days of treatment

Discharge power — 570 W-h

No growth of microorganisms

After the test chamber was treated with air activated
by the barrierless discharge, the level of the egg shell

micromycete contamination was changed (see Table 4).

Table 4

The level of contamination with microscopic fungi in the egg shell treated
with air activated by the plasma-chemical reactor

Timing of Modes of ozone generator Species and actual level of contamination
sample collection operation (spores per 1 cm’ of dilution)*
Before treat- Rhlzopz.m. microsporus, Asp?rglllus fumigatus,
Penicillium lanosum, Trichoderma spp.,
ment, control - . .
sample yeast-like fungi.
P Contamination level — 1.550-10" spores
Penicillium lanosum, Rhizopus microsporus,
Three days of . Aspergillus candidus, Rhodotorula rubra,
treatment Discharge power — 190 W-h Alternaria alternata, Aspergillus proliferans.
Contamination level — 1.225-10" spores
Four days of . Rhizopus microsporus, Asp?rglllus candidus,
treatment Discharge power — 380 W-h Aspergillus fumigatus.
Contamination level — 0.325-10" spores
Five davs of Penicillium lanosum, Rhizopus microsporus,
treatmer}l]t Discharge power — 570 W-h Rhodotorula rubra.
Contamination level — 0.225-10" spores

Note* inoculation efficiency was determined for 1:1000 dilution

In accordance with the results for the second stage of
the experiment (see Table 4), air treatment of the egg shell
significantly affected the level of contamination with mi-
croscopic fungi. Namely, the level of dissemination de-
creased in comparison with the control sample: after three
days — by 1.26 times, after four days— by 4.8 times,
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and after five days — by 6.8 times. Mycobiota composi-
tion also changed. The species of Rhizopus mycrospo-
rus, Aspergillus fumigatus, Penicillium lanosum,
Trichoderma spp. and yeat-like fungi were identified in
the control sample. On the fourth day of treatment, Pen-
icillium  lanosum,  Rhizopus  microsporus  and
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Rhodotorula rubra were identified. Therefore, the
treatment of the egg shell with air activated in the plas-
ma-chemical reactor inhibited the growth not only of
classic saprophytes, such as Aspergillus fumigatus, Al-
ternaria alternata, but also of yeast-like fungi.

At the third stage of the experiment, 0.5 dm® of wa-
ter was poured into the container inside the test chamber

to increase the content of OH radicals in the active vol-
ume. The results of the study on bacterial contamination
in the egg shell treated with air activated by the plasma-
chemical reactor with high content of OH radicals are
presented in Table 5.

Table 5

The level of bacterial contamination in the egg shell treated with air activated by the plasma-chemical reactor
with high content of OH radicals

Timing of sample collection

Operation modes of the plasma
chemical reactor + OH radicals

Total bacterial contamination
CFU/eM’

Before treatment,
control sample

Enterobacter asburiae (1-10°)
Bacillus spp. (5-10°)

Three days of treatment

Discharge power — 190 W-h

Bacillus spp. (1-10%)

Four days of treatment

Discharge power — 380 W-h

No growth of microorganisms

Five days of treatment

Discharge power — 570 W-h

No growth of microorganisms

In accordance with the data from Table 5, the egg
shell before air treatment was contaminated with such
bacteria as Enterobacter asburiae (1-10°) and Bacillus
spp. (5x10°). In three days after the treatment, no micro-
organisms of the family Enterobacteriaceae were isolat-
ed, and the level of Bacillus spp. (1-10°) decreased by 50
times. The presence of Bacillus spp. is probably related to
high level of humidity in the chamber.

When determining the level of contamination with mi-
croscopic fungi in the egg shell treated with air activated by
the plasma chemical reactor with high content of OH radi-
cals, the results presented in Table 6 were obtained.

In accordance with the experimental data (Table 6),
the level of contamination with microscopic fungi de-
creased on days three and four by 2.25 times as a result
of the egg shell treatment with air activated by the
plasma-chemical reactor A significant decrease in the
level of grown microscopic fungi was detected on the
fifth day of treatment, which was by 7.2 times lower in
comparison with the control sample.

When micromycete species were identified in the
control sample, the species that are sanitary significant
were distinguished.

Table 6

The level of contamination with microscopic fungi in the egg shell treated with air activated
by the plasma-chemical reactor with high content of OH radicals

Plasma chemical reactor
operation mode + OH radicals

Timing of sam-
ple collection

Species and actual level of contamination
(spores per 1 cm® of dilution)*

Before treatment,
control sample

Aspergillus fumigatus, Penicillium lanosum,

Trichoderma spp., Penicillium commune, Rhizopus microspo-
rus, Aspergillus flavus, Aspegillus oryzae, Mucor racemosus,

Scopulariopsis brevicaulis, Penicillium pallidum,
Alternaria alternata
Contamination level — 1.975-10" spores

Alternaria alternata, Aspergillus flavus, Mucor racemosus,

. Penicilli A ” . - Penicilli
Three days Discharge power — 190 W-h enicillium commune, Aspergi lus fumlgatu.s enicillium
of treatment lanosum, Trichoderma spp., Rhizopus microsporus,
Contamination level — 0.875-10" spores

Four days . Aspergillus flavus, Mucor racemosus, yeast-like fungi
of treatment Discharge power — 380 W-h Contamination level — 0.675-10" spores

Five days . Rhizopus microsporus.
of treatment Discharge power - 570 W-h Contamination level — 0.275-10" spores

Note* inoculation efficiency was determined for 1:1000 dilution

The following species were identified in the control
sample: Aspergillus fumigatus, Penicillium lanosum,
Trichoderma spp., Penicillium commune, Rhizopus
microsporus, Aspergillus flavus, Aspegillus oryzae, Mu-
cor racemosus, Scopulariopsis brevicaulis, Penicilli-
um pallidum, Alternaria alternata. On day five, only
Rhizopus microsporus was detected.

CONCLUSIONS

1. The plasma-chemical methods of surface disin-
fection (in particular, shell surface of hatching eggs) are
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the promising alternatives to the traditional chemical
disinfectants.

2. In the experiment for the egg shell ozone disin-
fection, the total bacterial contamination was
3.6x10° CFU/cm® on the third day of treatment, and no
bacterial growth was detected on the fifth day of treat-
ment (the control sample was 3.7x10" CFU/cm’). At the
same time, the level of contamination with micromycetes
in the egg shell was 0.300x10* spores/cm’ of dilution
after five days of treatment (the control sample was
0.775%10" spores/cm’), i.e. decreased by 2.6 times.
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3. As a result of the egg shell treatment with air
activated by the plasma-chemical reactor, the level of
bacterial contamination decreased by 30.56 times after
three days of treatment, and the complete absence of
bacterial growth was detected after four days of treat-
ment (the control sample was 1.1x10° CFU/cm’). Also,
the level of contamination with microscopic fungi de-
creased by 6.9 times on the fifth day of treatment.

4. As a result of the egg shell treatment with air acti-
vated by the plasma-chemical reactor with high content
of OH radicals, the level of contamination with bacteria
and micromycetes decreased even more significantly.
On the third day of treatment, the level of bacterial con-
tamination decreased by 60 times, and on the fifth day
of treatment, the level of contamination with microscop-
ic fungi decreased by 7.2 times.
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IVIASMOXUMUYECKHUE METO/IbI KOHTPOJISI KOHTAMUHAHTOB BUOTHYECKOT'O
MNPOUCXOXKIEHUSA

I'.B. Tapan, A.A. 3amypuee, M.O. Apowenko, I1.0. Onaneg, O.B. Maiibopooa

DKCTIEpUMEHTAILHO HCCIIEI0BaHbl BO3MOXXHOCTh U 3(PPEKTUBHOCTh KOHTPOJS KOHTAMHUHAHTOB OMOTHYECKOTO
MIPOUCXOXKACHUS (OaKTepHH, MUKPOMHIIETEI) O30HOM M BO3IYXOM, 00pabOTaHHBIM B IJIA3MOXMMUYECKOM pa3psie,
Ha MO MHKYOAIIMOHHBIX SHUI] KaK albTepHATHBA XMMHUYECKHM MeToaaM o0paboTku. [Tokazano, uTo oOpaboTka
MMOBEPXHOCTH SIMII 030HOM CHHU3WJIa OaKTepPHATbHYIO 3arpsi3HeHHOCTh B 3083 pasa mocie 4eThIpex CyToK 00paboTKHy,
a KOJIMYECTBO MUKPOOHMOTHI — B 2,6 pa3a mocie MATH CyTOK 00paboTku. OOpaboTKa MOBEPXHOCTH SIMIl BO3IAYXOM,
aKTUBUPOBAHHBIM B IUIa3MOXHMHUYECKOM Paspsje, MOBIUsIIA Ha yMeHblIeHue B 30,56 pa3a OakTepuanbHOM 3arpss-
HEHHOCTH IOCJIC TPEX CYTOK 00pabOTKM U YMEHBIIICHUE CTEIICHH KOHTAMUHAIIMA MUKPOCKONMMYECKUMHU TpUOaMu Ha
IATHIE CYTKHU B 6,9 pa3sa. [Ipu noBeimeHny konvecTsa paankanoB OH B akTHBUPOBAaHHOM BO3JIyXe YPOBEHb OakTe-
pHaTBHON KyIbTYpHl yMeHbIImuca B 60 pa3 Ha TpeTbU CYTKHU, a CTEIIEHb KOHTAMUHAIIMM MOBEPXHOCTU CKOPIIYIIBI
ST MUKPOCKOTTMYECKUMH TPHOaMu CHU3MIIACH B 7,2 pa3a Ha ISIThIe CYTKH.

IVIIASMOXIMIYHI METO/JIH KOHTPOJIIO KOHTAMIHAHTIB BIOTHYHOTI'O ITIOXO’KEHH 1

I'.B. Tapan, , 0.0. 3amypiece, M.O. Apowenko, I1.0. Onancs, O.B. Maiibopooa

EkcriepuMeHTanbsHO JTOCIIHKEHO MOMKIIHMBICTH 1 €(EKTHBHICTh KOHTPOIIO KOHTAMIHAHTIB OiOTHYHOTO IOXO-
JoKeHHs (OakTepii, MIKpOMILIETH) 030HOM Ta MOBITPSIM, sike 00pOOJICHO y MIa3MOXIMIYHOMY PO3psiil, Ha MOJENI iH-
KyOaliiHUX s€1b, 110 MOXe OyTH allbTEPHATHBOIO XIMiYHUM MeToaaM oOpoOku. [TokazaHo, 1m0 0OpoOka moBepxHi
S€Ilb 030HOM 3HHM3MJIA OakTepiaibpHy 3a0pynHeHicTh B 3083 pa3u micist 4oTUpHOX Ai0 00poOKH, a KUIBKICTh MIKpPO-
6iotu — B 2,6 pa3a micns 1Ty 116 00pooku. OOpoOKa MOBEPXHI SE€NB NOBITPSM, 110 aKTUBOBAHE Y IIa3MOXIMIYHO-
MY pO3psli, BIUIMHYJIA Ha 3MEHIIEHHs OaKkTepianbHoi 3a0pyaHeHocTi B 30,56 pasa micis Tppox 1i0 00poOKu Ta 3Me-
HIIWIA CTYNiHb KOHTaMiHalii MIKPOCKOIIIYHUMH IrpudaMu Ha I’ATy 100y B 6,9 pasa. IIpu migBuIeHHI KiNbKOCTI
panukanie OH B akTHBOBaHOMY ITOBITpi piBeHb OakTepiaspHOI KyIbTypH 3MEHIITUBCS B 60 pa3iB Ha TpeTio 100y, a
CTYIIiHh KOHTaMiHAIil TOBEPXHIi MIKapaIynH S€Ib MiKPOCKOIIIYHUMH TprbaMu 3HU3UBCS B 7,2 pas3a Ha IT ATy 100y.
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