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The article presents an investigation of the influence of the corona discharge with needle-ring electrode
configuration on the efficiency of Aspergillus niger spore germination and Cyathus olla mycelium development.
Current-voltage characteristics were measured for different distances between the needle and the metal ring. The
plot of the dependence of conductance on voltage was built and the corona discharge breakthrough voltage was
determined to be (2.7+0.1) kV. The treatment of Aspergillus niger spores was conducted at different development
stages: at the germination stage (corona discharge treatment 1 day after the seeding) and dormant state (corona
discharge treatment on the day of seeding). The growth rate of Cyathus olla mycelium in samples treated by corona
discharge and in control group samples was investigated. The influence of the corona discharge on the potato
dextrose agar growth medium before the seeding of Cyathus olla was studied. The pure cultures were obtained from
the Culture Collection of Fungi at Kyiv University (FCKU) at the «Institute of Biology and Medicine» Educational

and Scientific Centre of the Taras Shevchenko National University of Kyiv.

PACS: 52.80.Hc, 52.50.Dg

INTRODUCTION

At present, the study of the interaction between
plasma and fungi can provide mankind with
improvements in two areas. The first area is the plasma-
induced destruction of the spores and fungi for the
disinfection of buildings, people, or plants. The second
area is the enhancement of the mycelium growth rate
via the cell stimulation or enrichment of the fungal
growth environment with the plasma products [1-9].

Plasma-influenced inactivation of the
microorganisms has 5 main mechanisms: temperature,
electric field, UV light, direct chemical reactions of the
neutral active forms, and interaction between charged
particles and cell components [4]. In the case of the
non-thermal atmospheric pressure plasma systems, the
inactivation process is mainly driven by the active
particles (e.g., atomic oxygen, metastable oxygen
molecules, ozone, OH radicals).

The advantage of the corona discharge is the
generation of the ion stream (ion wind) at a temperature
close to the temperature of the environment [9-11]. This
ability combined with the relatively low discharge
power allows neglecting the influence of temperature on
samples during the research.

Some species of fungi are used in the production of
medicine and antibiotics. Thus, by improving the
conditions and enhancing the growth rates of fungi
sporocarps it is possible to decrease the price of some
medicaments. For example, Cyathus olla fungi are used
to synthesize salfredin, which is considered for the
therapeutic use during cataract in people with diabetes.
In addition, Cyathus olla has agricultural significance,
as it can destroy dead rapeseed stems, infected by
Rhizoctonia solani.

This work aims to study the corona discharge and its
influence on the germination efficiency of Aspergillus
niger spores and the development of Cyathus olla
mycelium.
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1. EXPERIMENTAL SET-UP

The influence of the corona discharge on the spores
and fungi mycelium development was studied using an
experimental set-up with the needle-ring electrode
configuration (Fig. 1). The inner diameter of the ring
was 12 mm, the needle diameter was 0.15 mm. The
power supply provided voltage in the 0...7 kV range.
The needle was set as a high-voltage cathode and the
ring was set as a grounded anode. The ring was made of
stainless steel and the needle was made of tungsten. The
voltage was measured using a voltage divider composed
of 1.5 GQ resistance R; and 1.5 kQ resistance R,.

Samples were investigated using PrimoStar light
microscope. Microphotographs were obtained using
ScienceLabDCM 520 digital camera and Axiovision
4.3.7 image processing software.
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Fig. 1. Scheme of experimental set-up (needle-ring in
dielectric): 1 — Petri dish; 2 — cover; 3 — dielectric
(PTFE); 4 — ceramic; R; and R, — divider resistances;
5 —metal ring; 6 — tungsten needle; 7 — ammeter;
8 — voltmeter; 9 — studied sample; 10 — power supply

The experimental investigation of the influence of
the corona discharge on the growth of the mycelial
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colonies of the higher fungi was conducted on the
Cyathus olla culture. The pure cultures were obtained
from the Culture Collection of Fungi at Kyiv University
(FCKU) at the «Institute of Biology and Medicine»
Educational and Scientific Centre of the Taras
Shevchenko National University of Kyiv. The cultures
were extracted from the basidiomata via the Buhalo
method and incubated in a potato dextrose agar (PDA)
at 23...25 °C. Mycelial colonies were treated on the 3"
day of the cultivation. The inoculated Petri dishes,
which were not treated by corona discharge, were set as
controls.

The influence indicators were determined from the
difference between the average daily mycelium growth
rates (mm/day) of the treated samples and the control
group.

2. RESULTS AND DISCUSSION

The current-voltage characteristics (Fig. 2) of the
corona discharge were measured for different distances
between the ring plane and the needlepoint. In the case,
when the needlepoint (see Fig. 1) was located between
the metal ring and the ceramic isolator, the distance
between the needle and the ring plane was marked with
a “+” sign. When the metal ring was located between
the needlepoint and the ceramic isolator, the distance
was marked with a “-” sign. Fig.3 shows the
dependence of the conductance from the voltage
between the needle and the grounded ring. The
breakthrough voltage of the corona discharge was
(2.7+0.1) kV, as determined from the plotted
dependence between the conductance and voltage.

2.1. INFLUENCE OF CORONA DISCHARGE
ON ASPERGILLUS NIGER SPORES

Aspergillus niger spores were sawn onto the potato
dextrose agar growth medium. During the treatment of
Aspergillus niger spores, corona discharge current was
lg = 25 pA, the voltage was Uy = 5.2 kV, and power was
0.13 W. The treatment with corona discharge lasted 1,
3, and 5 min with the energy spent on the discharge 7.8,
23.4, and 39 J respectively. The control group consisted
of samples untreated by the corona discharge.
Aspergillus niger spores were treated at different stages
of development:

1) at the germination stage (treatment 1 day after
seeding);

2) at the dormant state (treatment on the day of
seeding).

The results of the experiment were recorded on the
second day after the corona discharge treatment. Fig. 4
shows the photographs of the mycelial colonies of the
Aspergillus niger in the case of spores treated by the
corona discharge at the germination stage (1 day after
seeding). Photographs were taken on the second day
after the corona discharge treatment. In comparison to
the control, corona discharge treatment inhibits the
development of Aspergillus niger mycelial colony. An
increase in the corona discharge treatment time led to a
decrease in the mycelial colony development.
Therefore, the increase of the treatment time and,
correspondingly, of the energy spent on the discharge
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can achieve the significant inhibition of the Aspergillus
niger mycelial colony development.

Fig. 5 shows the photographs of the myecelial
colonies of the Aspergillus niger in the case of spores
treated by the corona discharge at the dormant state (on
the day of the spore seeding). Photographs were taken
on the second day after the corona discharge treatment.
Photographs show an insignificant difference between
the control and the samples treated by the corona
discharge. Aspergillus niger mycelial colonies are
visibly less developed in the treated samples in
comparison with control. Despite this, photographs
show that corona discharge has less influence on the
spores themselves, which still germinate after the
treatment, than on the already germinated spores.

Fig. 6 shows photographs obtained during the
microscopy of the Aspergillus niger mycelial colony.
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Fig. 2. Current-voltage characteristics of corona
discharge with needle-ring electrode configuration
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Fig. 3. Dependence of conductance on voltage during
discharge
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Fig. 4. Photographs of Aspergillus niger mycelial
colony samples in case of spores treated with corona
discharge during germination stage (1 day after
seeding): 1 — control; 2 — 1 min; 3 — 3 min;

4—-5min

Fig. 5. Photographs of Aspergillus niger mycelial
colony samples in case of spores treated with corona
discharge during dormant state (at day of seeding):
1 - control; 2 -1 min; 3 -3 min; 4 —5 min

Microscopic investigations showed the occurrence
of spore germination and mycelial hyphae formation in
all tested samples (see Fig.6). Microscopy was
conducted using PrimoStar light  microscope,
microphotography was done by ScienceLabDCM 520
digital camera, and Axiovision 4.3.7 image processing
software.

As such, corona discharge impacts Aspergillus niger
spores and mycelial colonies development only on the
stage of spore germination, i.e., when the spores are
already germinated. In addition, the increase of the time
of the corona discharge treatment of the spores is
corresponding to the inhibition of the Aspergillus niger
mycelial colony development, but this time is not
sufficient for the complete decontamination of the spore
mass.

In further work with the corona discharge, the time
of corona discharge treatment should be increased.
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Fig. 6. Photographs of Aspergillus niger mycelial
colony samples in case of spores treated with corona
discharge during dormant state (at day of seeding):

1 - control; 2 -5 min

2.2. INFLUENCE OF CORONA DISCHARGE
ON CYATHUS OLLA MYCELIUM GROWTH

Cyathus olla test samples were grown on the potato
dextrose agar growth medium at 23...25 °C. Samples
were processed on the third day of the cultivation. The
plasma stream was produced at 3...5 mm from the object
surface at different time intervals (1, 3, 5, 10 min).
During plasma treatment, colony diameter was
10...15 mm. Mycelial colony, which was not treated by
plasma, was set as the control. The influence indicators
were determined from the difference between the
average daily mycelium growth rates (mm/day) of the
treated samples and the control group. Fig. 7 shows the
typical photograph of Cyathus olla culture.

Experiments were conducted in operating mode with
1 ~21..26 pA, U=5.2 kV. The distance to the sample
was controlled by moving needle-ring setup via
regulating nut. To avoid contamination during the
experiment, Petri dishes with samples were opened only
before connection to the corona discharge and were
closed immediately after disconnection from the
discharge.

The results of the Cyathus olla mycelium growth
investigation are shown in Fig. 8.
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Mycelium growth rate, mm/day

Fig. 8. Cyathus olla mycelium growth rate after
different duration of plasma treatment: 1 — control;
2 —1min; 3—-3 min; 4 -5 min;

Mycelium growth rate, mm/day

Fig. 9. Impact of plasma treatment time on pure
potato dextrose agar growth medium: 1 — control;
2 —1min; 3—3 min; 4—5 min;
5-10 min
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. 7. Typical photograph of Cyathus olla mycelium
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The treatment of Cyathus olla mycelium by the cold
plasma of the corona discharge can speed up the culture
growth without direct thermal damage. The dependence
of the growth rate on the corona discharge treatment
time showed a possibility for both accelerating and
decelerating of the mycelium growth.

The experiments were conducted on the direct
treatment of the growth medium using corona discharge
in atmospheric air to investigate the influence of the
specific mechanisms before the seeding of the mycelial
colonies (Fig. 9). Direct corona discharge treatment of
the growth medium does not influence the growth rate.

CONCLUSIONS

Set-up for the investigation of the corona discharge
influence on the efficiency of the spore germination and
fungi mycelium development was developed and built
during the study. Current-voltage characteristics were
measured for different distances between the needle and
the metal ring. The plot of the dependence of
conductance on voltage was built and the corona
discharge breakthrough voltage was determined to be
(2.7£0.) kV.

It was discovered that corona discharge influences
the development of Aspergillus niger colonies only
during the spore germination stage. The increase of the
time of the spore treatment with the corona discharge
corresponds to the inhibition of the development of
Aspergillus niger mycelial colony. However, the time
used in the experiments was not enough for the
complete decontamination of the spore mass, thus the
time of the spore treatment with the corona discharge
should be increased.

The results obtained after the treatment of the fungi
mycelium with the cold plasma of the corona discharge
showed that such treatment can accelerate the culture
growth without the direct thermal damage. It was
determined during the experiment, that in the case of the
corona discharge the dependence of the growth rate on
the treatment time showed the possibility to both
accelerate and decelerate the mycelium growth. It was
shown that the direct treatment of only the growth
medium using the corona discharge does not influence
the growth rate of Cyathus olla.
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BJIMSAHUE KOPOHHOTI'O PA3PSIJIA HA CIIOPbI ASPERGILLUS NIGER
N PABBUTUE MULEJIUSI CYATHUS OLLA

O.A. Heowioanmwok, FO.I1. Bepemuii, H.B. Ilev10, M.H. Cyxomnwvin, B.I. Tuwenro, A.B. Illesuenxo,
H.H. Deoupuux

[pencraBieHO MCCIIEIOBAHNE BIHMSHHSA KOPOHHOTO pa3psiia ¢ KOH(QUIypaluei SJIeKTPOJOB OCTPHE-KONBIO HA
a¢dexTuBHOCTH ipopactanus crop Aspergillus niger u passutie munenus rpudcos Cyathus olla. M3mepenst BonbT-
aMITepHBIC XaPaKTEPUCTHKU [UIS PA3IMIHBIX PACCTOSHHUN MEXIY OCTPHEM M METAUTMICCKHM KOJbIoM. [locTpoeH
rpad K 3aBHCHMOCTH OOPAaTHOTO COMPOTHBIICHHS OT HAMPSKEHHUS, C KOTOPOTO OMPEICTICHO HANPSKECHHUE 3a)KUTAHUSI
kopoHHoro paspszaa (2.7+0.1) kB. IIposenena o6pabotka criop Aspergillus niger Ha pasHsIx cTagusx pa3BUTHS: Ha
cTaauu npopactanust (06paboTka KOPOHHBIM Pa3psIOM Yepe3 CYTKH MOCIe BBICCBAHMS) U CTaAUH MOKOs (06paboTKa
KOPOHHBIM Da3psioM B JIeHb BbiceBaHus). VccmemoBana ckopocth pocra mumnenus Cyathus olla B obpasmax,
00paboTaHHBIX KOPOHHBIM DPa3psoM, W KOHTPOJILHOW rpymmsl. McciemoBaHo BIHMSHHE KOPOHHOTO paspsjia Ha
KapTo(enpHO-TIIFOKO3HBIN arap 10 Bbicaaku B 3Ty cpeay Cyathus olla. YucTele KyabTyphl, MOTYYSHBI U3 KOJUICKIUH
KyneTyp rpubdoB FCKU YuebHo-HayuHOTO 1IeHTpa «HCTUTYT OHONOTHN 1 MEAUIUHB» KIeBCKOTO HAIMOHAIEHOTO
yHuBepcutera uM. Tapaca IlleBueHKo.

BIIVIMB KOPOHHOI'O PO3PsAAY HA CITIOPU ASPERGILLUS NIGER
TA PO3BUTOK MILEJIIO CYATHUS OLLA

O.A. Heoubanwk, I0.I1. Bepemin, H.B. I]éud, M.M. Cyxomaun, B.I'. Tuwenko, O.B. Illeguenxo, I.1. @edipuux

[IpencraBiaeHo AOCHIHKEHHS BIUIMBY KOPOHHOTO pPO3psiAy 3 KOH(DIrypariew eIeKTpOdiB BICTPSA-KiJble Ha
edexTuBHicTs mpopoctanns crop Aspergillus niger ta possurox mineniro rpudis Cyathus olla. Bumipsino BoabT-
aMIepHi XapakTepUCTHKH ISl Pi3HUX BIJICTaHEH MDK BICTpSAM Ta MeTaleBHM KiiblneM. [loOymoBaHo Tpadik
3QJISKHOCTI OOCPHEHOr0 ONOpY BiJl HANPYTH, 3 SIKOTO BH3HAYCHO HAIPYTY 3allalllOBaHHS KOPOHHOTO PO3PSIY
(2.740.1) kB. IlpoBeneno oOpobky crop Asperdillus niger Ha pi3HHX cTamisx PO3BHTKY: Ha cTaiil HPOPOCTAHHS
(00poOKa KOPOHHHM PO3PSIOM UYepe3 J00y MICsl BUCIBY) Ta CTaIil CIIOKOK (00poOKa KOPOHHUM PO3PSIOM B JICHB
BHCiBY). Jlocmimkeno mBuakictes pocty Miuenito Cyathus olla B 3paskax, o0poOIeHHX KOPOHHHM PO3PSAOM, Ta
KOHTPOJILHOI rpymnu. JlociiKeHo BIUIMB KOPOHHOTO PO3PSAY Ha KapTOIUISIHO-TIIFOKO3HUH arap 0 BUCA/KCHHS B Lie
cepenosuie Cyathus olla. Yucri xynsrypu otpumani 3 Kosekuii kynstyp rpubdis FCKU HaBuanbHO-HayKOBOTO
neHTpy «lHctuTyT 6iomorii Ta MeaumEN» KuiBchkoro HamioHamsHOTO yHiBepcuTeTy iM. Tapaca IlleBuenka.
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