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INFLUENCE OF PLASMA CHEMICAL REACTIONS PRODUCTS
IN BARRIERLESS GAS DISCHARGE IN THE AIR ON VEGETABLES
AND FRUITS STORAGE

M.O. Yegorov, G.V. Taran, D.V. Kudin, O.0. Zamuriev, P.0O. Opaley
National Science Center “Kharkov Institute of Physics and Technology”, Kharkiv, Ukraine

The influence of the products of plasma chemical reactions (including ozone) on the storage of vegetables and
fruits has been investigated. It has been shown that the products of plasma chemical reactions effectively suppress
the growth of mold. For a number of vegetables and fruits, surface modification occurs, which leads to the loss of
the "marketable" appearance. At the same time, the ripening rate of many products decreases.

PACS: 52.80. Hc, 52.90.+2,52.75.—d

INTRODUCTION

Increasing food security in the world and the grow-
ing role of Ukraine in this process determine the need
for the development of the agro-industrial complex. An
important component of a competitive agro-industrial
complex is a developed fruit and vegetable industry.
The low efficiency of the technologies used for trans-
portation and storage of products leads to significant
losses, which can reach 35...40% of the yield [1]. The
only possible solution to this problem is the introduction
of advanced technologies for storage and transportation
of fruits and vegetables, as well as the development of
new technologies [2 - 4]. Among such technologies, it
should be especially noted technologies that are based
on the processing of air by a gas discharge. In the condi-
tions of a gas discharge of atmospheric pressure, there is
an effective production of bactericidal reagents, such as
ozone, active radicals, etc. The high efficiency of the
using ozonation for bactericidal water treatment, control
of biological contamination of grain [5, 6] and other
bactericidal applications has long been known.

The concentration of ethylene in the air of food stor-
age chambers, its production during the "respiration" of
fruits have a significant effect on the process of ripening
and spoilage of fruits and vegetables [7 - 9]. Under the
conditions of a gas discharge and when interacting with
the products of plasma chemical reactions, the oxidation
of hydrocarbon compounds occurs, in particular ethyl-
ene, which is one of the "phytohormones" [10, 11].

A good indicator of the amount of products of
plasma chemical reactions in the air is the concentration
of ozone. The effect of ozone on the storage of fruit and
vegetable products is being actively studied [3, 4, 12].
But the influence of the products of plasma chemical
reactions is not limited exclusively to the effects associ-
ated with ozone, since when air is passed through the
plasma chemical reactor, the conversion of hydrocarbon
impurities and the production of nitrogen oxides occur
[11, 13], which, despite the relatively low concentration
(of the order of tens and hundreds of ppb), have a sig-
nificant influence on the processes of ripening of vege-
tables and fruits. The work investigated the effect of the
products of plasma chemical reactions during air treat-
ment in a barrierless gas discharge (at an ozone concen-
tration of 10 ppm) on the storage of fruit and vegetable
products.
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EXPERIMENTAL SETUP

To study the effect of the products of plasma chemi-
cal reactions on the storage of vegetables and fruits, a
plasma chemical air treatment stand was used, the dia-
gram of which is shown in Fig. 1, and a sealed box with
a control batch of products. A control batch of products
was placed in the same sealed box and with same air
flow.
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Fig. 1. The schematic diagram of the experimental stand

The experimental stand consists of 2 SunSun ACO-003
air compressors, 2 flow meters, a barrierless plasma-
chemical reactor, a high-voltage pulse power supply,
70-1 sealed Probox boxes, in which vegetables and fruits
were located. To control the humidity in the boxes, psy-
chometric VIT-1 hygrometers were used, and to control
the ozone concentration in the treated box, an ES-600
ozone concentration meter was used.

On the Fig. 2 is shown a photo of vegetables and
fruits in the treated box. Similarly, vegetables and fruits
taken from the same batch were placed in the control
box. A visual control of the condition of the products
was carried out and the sugar content was measured
using a Walcom REF 103/113 portable reflectometer.
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Fig. 2. Photo of experimental box

The duration of one experiment was 15 days. Both
the control and experimental boxes were ventilated at a
flow rate of 70 1/h.
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High-voltage pulsed power supply forms high-
voltage pulses of microsecond duration (1300 ns) with a
pulse repetition rate of 1...15 kHz and amplitude up to
15 kV. The rise time of the pulse is 500 ns. The current
pulse was recorded using a current shunt.

A characteristic oscillogram of the voltage pulse at
complex power supply is shown in Fig. 3.
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Fig. 3. The characteristic oscillogram of the supply
voltage pulse of plasma chemical reactors

The electric signals were recorded with a Tektronix
TDS-2024 digital oscilloscope, bandwidth of 100 MHz.

Measurements of ozone concentration in the air were
performed with a ozone concentration meter Ozone So-
Iution PPM Ozone ES-600 with an accuracy of 0.1 ppm.

RESULTS

On the Figs. 4 and 5 are shown graphs of tempera-
ture and humidity control for one of the experiments.
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Fig. 4. The air temperature in the boxes
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Fig. 5. The air humidity in boxes
It can be seen from the graphs that after setting the
storage mode, the temperature and humidity did not

fluctuate significantly, being at the same levels for both
boxes. The temperature was maintained at 11°C, and the
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humidity in the range of 90...95%. The ozone concen-
tration in the experimental box was monitored every
3 days and remained at the level of 10...11 ppm.

On the Fig. 6 is shown photographs of eggplant from
the control and experimental boxes.

Fig. 6. The photos of eggplants before storage and after
storage in a box, the air in which was treated with
the products of plasma chemical reactions and control

On the photo is shown that the eggplant in the con-
trol box rotted and became covered with mold, which
did not happen in the treated box, which correlates with
the results obtained in [8]. On the Fig. 7 is shown pho-
tographs of a lemon from the control and treatment

boxes.
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Fig. 7. The photos of lemons before storage and after
storage in a box, the air in which was treated with
the products of plasma chemical reactions and control
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On the photo is shown that the lemon in the control
box has rotted and covered with mold, which did not
happen in the experimental box.

On the Fig. 8 is shown photographs of quince from
the control and experimental boxes.
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Fig. 8. The photos of lemons before storage and after
storage in a box, the air in which was treated with
the products of plasma chemical reactions and control

On the photo is shown that the quince in the control
box just ripened, and in the experimental one it became
covered with black dots, which can be associated with
both the “scalding” effect of ozone and the influence of
other products of plasma chemical reactions. A similar
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picture, only the covering of the fruit with white dots, is
observed on a number of other products, for example,
on a cucumber (Fig. 9).
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Fig. 9. The photos of cucumbers before storage and
after storage in a box, the air in which was treated with
the products of plasma chemical reactions and control

Thus, vegetables and fruits differ in the possible in-
fluence of the products of plasma chemical reactions.
Table describes the condition for all test products after
15 days of storage.

o ] oo |
Amount of Amount

sugar,, Changes of sugar, Changes

96Brix 9%Brix
Tomat 4

Product name

Mold has appeared 3 Without changes

1 Without changes 13 Black dots a:f::,:::: The fruitis
Sicilian Orange 12 Without changes 10
15 Without changes 13
13 Without changes 13

Mold has appeared

Without changes
Without changes
Without changes
Eggplant White dots appeared
Has dried up and become
lethargic
Has dried up and become
lethargic
The decay process has begun
Without changes
Darkened from above, inside
unchanged.
Without changes
Became lethargic

Became lethargic, Mold has appeared

Beetroot Became lethargic, Mold has appeared

The decay process has begun, Mold has appeared
Pepper Became lethargic
Cabbage Mold has appeared
Started to sprout
Became lethargic, Mold has appeared

Became lethargic , Mold has appeared Without changes

Without changes White stripes appeared
Got sticky, Mold has appeared Dried up

It can been seen Table that for a number of vegeta-
bles and fruits, treatment with products of plasma
chemical reactions slowed down the ripening processes
(lower sugar level). But at the same time, the products
of plasma chemical reactions can also have a negative
effect on the storage of a number of vegetables and
fruits, such as quince, cucumber, cabbage, etc. The
products of plasma chemical reactions, and primarily
ozone, completely suppress the formation of mold at an
ozone concentration of 10 ppm, which by itself can sig-
nificantly reduce the loss of products during transporta-
tion and storage.

CONCLUSIONS

When processing fruit and vegetable products with
products of plasma chemical reactions, both positive
and negative effects are possible, depending on the type
of product. Thus, the treating of plasma chemical reac-
tions products doesn't have a universal effect and re-
quires the formation of separate methodological ap-
proaches for application.

Processing of products with products of plasma
chemical reactions allows suppressing the development
of mold and reducing losses during transportation and
storage.
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BJIMSIHUE ITPOJYKTOB IIABMOXUMHWYECKHAX PEAKIIUI .
B BE3BBAPHBEPHOM I'A30BOM PA3PA/IE B BO3/IYXE HA XPAHEHHUE OBOIIIEU U ®PYKTOB

M.A. Ezopos, I.B. Tapan, /I.B. Kyoun, O.0. 3amypues, I1.0. Onanes

HccnenoBano BIMSHUE MPOAYKTOB IIA3MOXUMHYECKUX PEaKIid (B TOM YKCIIE U 030HA) HA XPAHEHUE OBOILEH U
¢pyxros. [TokazaHo, 4To MPOAYKTaMHU IUIA3MOXMMHUUECKUX peakuuii apdexTrBHO nomasisercss poct mieceHu. s
psina oBomeld U (QPYKTOB MPOMCXOIUT BHIOU3MEHEHHE MOBEPXHOCTH, KOTOPOE NMPHBOIUT K MOTEPE «TOBAPHOTO»
Buaa. [Ipu 3ToM cKOpOCTh A03pEeBaHUS MHOTUX IIPOAYKTOB CHIKAETCS.

BILJIUB TPOAYKTIB IJIA3SMOXIMIYHUX PEAKIIIA
B BE3BAP'€PHOM I'A30BOM PO3PAII B ITIOBITPI HA 35EPI'AHHSA OBOYIB I ®PYKTIB

M.O. €zopos, I'.B. Tapan, /I.B. Kyoin, 0.0. 3amypics, I1.0. Onance

JlocmipKeHo BIUIMB MPOAYKTIB INIa3MOXIMIYHUX peakiiil (B TOMY YHCII 1 030HY) Ha 30epiraHHs OBOYiB i ppyk-
TiB. [lokaszaHo, 110 MPOAYKTaMHU TUIA3MOXIMIYHHX peakuiid e(h)eKTUBHO MPUTHIYYETHCS picT Bini. s qeskux oBo-
4iB 1 QpyKTIB BiIOyBaeThCs BUIO3MiHA TIOBEPXHI, SIKa MPU3BOAMUTH 10 BTPATH «TOBApHOro» BHUIIAMy. Ilpu mpomy
LIBHKICTB JI03piBaHHs 0araTboX IMPOAYKTIB 3HIKYETHCSL.
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