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Abstract
Introduction: Fusarium species cause a variety of
infections in humans, such as superficial, invasive
and disseminated infections. The aim of this research is to study the effects of argon cold double
atmospheric pressure plasma (DAPACP) on deactivating the cells or Fusarium spores which can seriously damage food products in vitro conditions.
Materials and Methods: Samples were obtained
from May 2015 to September 2016 during three
cultivation periods of tea in Gilan and Mazandaran
province. One sample was taken from each 50
square hectares of tea plantations prepared for
harvesting and also from 60 tea manufacturers. At
intervals of 3, 7 and 15 days, plates were studied
and the colonies on each plate were identified and
isolated and then their microscopic and also macroscopic properties were documented. Finally 150
colonies were selected. We prepared Czapek and
liquid environments (Czpk), then the isolated samples were cultured using stab. Plasma system is a
DAPACP system (AL2O3) which used a high voltage with 25KHZ frequency and is usually applied
to a high voltage electrode.
Results: The amount and type of toxins in the environment with fixed toxicity vary . In the metabolic
cycle, DON (deoxynivalenol) is first produced and
then is metabolized in a few steps. Plasma jet
204

treatment causes a relative reduction in concentration of DON per solvent volume or culture
media; a statistically significant negative correlation is observed here. The negative correlation
between DON, which has been measured in
samples previously exposed to plasma jet for 60
seconds , is affected by plasma jet more than DON.
Therefore, Z = -2 / 201, Sig = 0.028 is proven, and
it occurs with more intensity compared to DON.
Conclusion: This study has confirmed that argon
plasma jet system has destructive effects on mycotoxins such as DON and also on the microorganisms which produce mycotoxins. Although the
physicochemical properties and structural changes of mycotoxins were not explained under plasma
jet treatment, this study revealed that the plasma
system needs certain conditions like time and toxin concentration of food, to remove and inactivate
mycotoxins.
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Introduction
Fusarium species cause a variety of infections in humans,
such as superficial, invasive and disseminated infections
[1]. Clinical manifestation of Fusariosis depends on
the host immune system and the entrance site of the
organism [2]. Superficial and localized infections occur
mainly in people with healthy immune systems, while
invasive and disseminated infections have been seen in
immunocompromised persons [3]. Fusarium species are
considered as pathogenic agents in plants, crops and in
some animals [4]. Fusarium species are widely distributed
in soil and water [5, 6]. More than 50 species of Fusarium
have been identified, twelve of which are associated with
disease including; Fusariumsolani, Fusarium oxysporum
and Fusarium which contributes to nearly 70 % of the
cases [7, 8].
Fusarium species carry several virulence factors, including
Mycotoxins which are cellular and humoral immune
suppressive and cause tissue problems [9]. In addition,
Fusarium species have the ability to combine to prosthetic
materials and could also produce protease and collagenase
[10].
Deoxynivalenol (DON) is one of the several Mycotoxins
produced by Fusarium species which causes contamination
in maize, wheat, barley, rice and other grains during their
storage life and it is considered a risk factor for humans
and animals [11]. This toxin causes nausea or vomiting
and was first reported in Japan in 1972 following the
consumption of mouldy barley [12].
DON is chemically a member of trichothecenes mycotoxins
family and structurally is apolar organic material belonging
to trichothecenes type B, with three free hydroxyl groups
which causes its toxicity. One of the most significant
physicochemical properties of DON is high-temperature
heat resistance and water solubility [13].
Plasma as a state of matter has significantly different
characteristics; plasma has no fixed shape or volume and
can form magnetic lines and rays under magnetic fields. In
accordance to this method used, plasma can be converted
into a wide range of states; from being unbalanced to
thermal equilibrium. The antimicrobial effects of plasma
have been known for almost 50 years [18, 16].
Research has mainly focused on the use of plasma on
nonliving surfaces, such as medical instruments. Plasma
is a cold gas-like mixture of charged particles (free electron
and proton particles) with neutral reactive particles
including; gas molecules, free radicals and ultraviolet
photons. When the reactor is launched in atmospheric
pressure, a cool plasma jet is blown into the air [17]. Since
this plasma jet can be used in sterilization of sensitive
surfaces, it is a proper candidate to be applied instead/with
the autoclave sterilization process for surgical and dental
use as an effective agent to destroy bacteria and viruses
[15].

The aim of this research is to study the effects of argon
cold double atmospheric pressure plasma (DAPACP)
on deactivating the cells of Fusarium spores which can
seriously damage food products in vitro conditions.
Moreover, fungi are used to investigate the efficacy of cold
plasma in suppressing the produced mycotoxins.

Materials and Methods
Sampling:
Samples were obtained from May 2015 to September
2016 during three cultivation periods of tea in Gilan and
Mazandaran province through following the instructions
of outdoor and indoor sampling. One sample was taken
from each 50 square hectares of tea plantations that
were prepared for harvesting and also from 60 tea
manufacturers. Sampling was carried out by placing open
plates at a height of 90-110 cm, 3 to 5 days after each
rainfall from 9 o’clock till 3 pm during sunshine at 25 ± 3 °
C and when their velocity was measured at 30 m / s.
Six plates with malt extract agar, yeast extract agar,
Czapek yeast extract agar, Czapek agar, sabouraud
dextrose agar and potato dextrose agar were all mixed
with 100 ppm chloramphenicol and 50 ppm tetracycline
and were examined 3 to 5 days at 25 ° C before operation.
All of them were applied for one group of samples. Plates
containing 15 to 25 cubic centimeter of agar after 30, 60
and 90 minutes were sampled through plantations and 15,
30 and 60 minutes through factories; 900 plates were taken
and then were placed in perforated polyethylene bags and
sent to the laboratory. The plates were incubated at 25 ± 2
° C in an aerobic environment.
One plate was kept in the dark, another one in the light
and finally a pair of them was kept in light-dark enviroment.
At intervals of 3, 7 and 15 days, plates were studied and
the colonies on each plate were detected and isolated and
then their microscopic and macroscopic properties were
documented. Finally150 colonies were selected.
Cultivation & Isolation:
We prepared Czapekand liquid environments (Czpk), then
the isolated samples were cultured using stab (in 3 places
with a distance of 2 cm from each other and from the edge
of the plate). Then they were incubated for 14 days at 25
° C. Samples were then cultured in liquid environments
of sB + ME and sB + yE. They were checked regularly to
avoid drying and reduction in the volume of liquid, PBS
was added to these environments. The samples were
collected, and the extracted solution was added and
filtered.The slides of the cultures were prepared and then
stained with lacto phenol.
Extracted solutions from solid and liquid environments
were prepared for ELISA technique. Then the samples were
exposed to cold plasma jet and were set at 30 seconds, 60
seconds and 360 seconds in certain concentrations. At
this stage, sample volume was reduced.
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Plasma Jet System
Plasma system is a DAPACP system (AL2O3). A high
voltage with 25KHZ frequency is applied to a high voltage
electrode. Voltage and the waveforms are recorded through
a high voltage electrical connector with visual indicator.
Argon gas is blown into the air through micro tubes to form
a double plasma jet. Fusarium biomass and the extracted
samples from culture media were collected at the bottom
of the jet at a distance of 12 mm from the top of the double
jet.
The emission spectrum of DAPACP jet is recorded using
Spectroscopy. The spectra in Spectrograph are coupled
via UV fiber.The effective gas enters a flexible tube and
the plasma jet is induced by high frequency RF power
supplies.
The fungus used in this study is called Fusarium. For
inoculation, MEA is cultured on the new plates and at the
end of the incubation period, spores are carefully removed
and combined with 2% of Tween 80 as emulsifier and the
solution is filtered.
After applying an appropriate solution, spores are released
on the surface of OMMEA and they are incubated at 25 °
C for 7 days where the colonies are counted. After plasma
jet exposure, the activated spores in distilled water are
placed in sterilized tubes and plasma-exposed samples
were used.
Colonies are regularly counted and 5 tests are used for
each sample during each treatment. The experiment is
repeated three times with similar conditions. Due to plasma
treatment, another control sample is inoculated with the
spores and is exposed to argon-oxygen gas mixture with
same velocity.
This is to ensure the deactivation of plasma-exposed fungi
or the removal of the spores from the surface of samples.
The production of five mycotoxins which are isolated
from five Fusarium species obtained from processing
manufacturers and different foods and the spores of the
investigated fungus are obtained on malt extract agar
(MEA).
In preliminary tests, the isolated Fusarium used in this
study are identified as a major source of T and DON toxin.
The procedure used in this experiment is similar to what is
used for spore sprouting. Inoculated fungi that had been
previously sterilized without plasma treatment, are used
as control in 5 culture medias and the tests are repeated
three times under the same conditions.

Results
Correlations between V1 and V3 in DON toxin:
The amount and type of toxins vary and in the environment
with fixed toxin, the purpose is to assess the correlation
between V1 and V3. In other words, DON toxin production
by fungal isolate has a significant positive correlation
206

(Sig=0/PC = 0.997). If DON toxin production amount is
high, T2 will be low. In the metabolic cycle, DON is first
produced and then is metabolized in a few steps.
There is a significant negative correlation between the
produced DON in potato culture media containing yeast
extract and DON in the samples obtained from the same
environments which is exposed to plasma jet for 60
seconds . Plasma jet treatment causes a relative reduction
in concentration of DON per solvent volume or culture
media, statistically a significant negative correlation is
observed here. This feature has also a statistical significant
positive correlation in the conversion of DON to non-toxicity
statement after a 60-second treatment with Plasma jet
(Sig=0.058 /pc=0.797)
According to the particular negative correlation which is
statistically significant between DON concentration and its
mean size in potato yeast extracted compared to the DON
produced in the same environment but is supposed to be
exposed to plasma jet pressure for 60 seconds, the results
were as follows : (Sig = 0.045 / pc = -0.821). Therefore
toxin reduction due to plasma jet exposure is justified. The
negative correlation between DON, has been measured in
samples previously exposed to plasma jet for 60 seconds.
The results of Sig = 0.028 / Z = -2 / 201 indicate that
in fungus strains, during their incubation period, large
amounts of DON have been converted. While a negative
correlation was observed in the amount of DON reduction
in both environments of potato malt extract and potato
yeast extract, after 60 seconds of plasma jet treatment,
and we noticed a significant numerical difference.
Moreover, when Z= -1/992, Sig=0.046 (Z = numerical
differentiation), the numerical differentiation of T2 in potato
yeast extract with the same amount of toxin and in the
same environment,where it has been exposed to plasma
jet for 60 seconds, is statistically significant.
Therefore, Z = -2 / 201, Sig = 0.028 proves that the sharp
decline in the value of T2 in potato yeast extract after 60
seconds treatment with Plasma jet is significant, and it
occurs with more intensity compared to DON.
Kolmogorov-Smirnov test (Nonparametric):
The standards (Standard Deviation) are mostly above 2.
The average deviation is between 0.5 to 2. A significant
correlation was detected between the amount of DON ,
produced in potato malt extract in fungal samples. According
to the obtained data (DON precursor in the intracellular
metabolism) , there has also been a significant correlation
between the produced DON in potato yeast extract and its
concentration after a 60-second plasma jet treatment in
the same environment.
However, there was a significant positive correlation
between the amount of DON produced in potato yeast
extract and the reduced concentrations after 60 seconds
of plasma jet treatment. Eventually a significant negative
correlation was observed between DON reduction rate
after a 60-second plasma jet treatment in potato yeast
extract with T2 amount in the same environment and after
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of plasma jet treatment. Eventually a significant negative
correlation was observed between DON reduction rate
after a 60-second plasma jet treatment in potato yeast
extract with T2 amount in the same environment and after
the same treatment.

Discussion
Mycotoxins such as aflatoxins and zearalenones are the
most common toxins in foods which can be produced
in a wide range of agricultural products [17, 18]. Since
mycotoxins have different toxic effects and good thermal
stability, their presence in food products could potentially
threaten the health of humans and animals [14]. It has
been proven that they cause Mycotoxicosis in humans and
animals [13,18].
Various methods have been reviewed to eliminate and
destroy the toxicity of mycotoxins through physical
removal of the contaminated parts of the food, such as
heat, chemical and radiation treatments, in order to convert
toxins to relatively harmless compounds which lead to
eradication of toxin effects[12]. Some of these methods
are not always effective, especially when mycotoxins are
disseminated through the substance. In addition, some
of these toxin elimination techniques are expensive and
impractical for business consumption [11,16].
In a study by Jong-Chul Park et al. (2007. Japan) on AFB1,
DON and NIV toxins, they observed that plasma jet has
fine deterrence effects on toxins; they have confirmed it
by using HPLC method. They have also noticed that DON
and NIV toxins compared to AFB1 will be destroyed more
slowly [10,14]. Our results showed that the 60-second
plasma jet treatment reduces DON concentration per
solvent volume or culture media,and in the case of those
samples being previously exposed to plasma jet for 60
seconds, it was shown that T2 toxin is more affected with
plasma jet compared to DON.
Plasma jet effect on toxin in this method is a time-dependent
factor.We have set the certain concentration of plasma
jet at 30 seconds, 60 seconds and 360 seconds. At this
stage, the solubility volume of the samples decreases, in
other words, the conversion rate of DON accumulation
rate. Fungi samples tend to produce more DON toxin
rather than T2 in the same environment and under the
same conditions.

Conclusions
This study has confirmed that argon plasma jet system
has destructive effects on mycotoxins such as DON , and
also on the microorganisms which produce mycotoxins.
Although the physicochemical properties and structural
changes of mycotoxins were not explained under plasma
jet treatment,this study revealed that the plasma system
needs certain conditions like; time and toxin concentration
of food in order to remove and inactivate mycotoxins.

References
1- Appelqvist IAM, Debet MRM. Starch-biopolymer
interactions: a review. Food Rev Int 1997; 13: 163–24.
2- Armero E, Collar C. Texture properties of formulated
wheat doughs. Z Lebensm- Unters Forsch 1997; 204:136–
45.
3- Bell DA. Methylcellulose as a structure enhancer in
bread baking. Cereal Foods World 1990; 35: 1001–1006.
4- Bouaziz, M. A., Amara , W. B., Attia, H., Blecker, C., &
Besbes, S. (2010). Effect of the addition of defatted date
seeds on wheat dough performance and bread quality,
Journal of Texture Studies, 41, 511-531.
5- Brady PL and Mayer SM, 1985. Correlation of sensory
and instrumental measures of bread texture. Cereal
chemistry 62(1): 70.
6- Collar, C.E.1996. Retrogradation of the starch franction
in wheat bread. Food Science and Technol.Int. 2: 323333.
7- Guarda A, Rosell CM, Benedito C, Galotto MJ (2004)
Food Hydrocolloid. 18: 241-247.
8- Kim, S.K. and D’Appolonia, B.L. (1977a) Bread staling
studies. I. Effect of protein content on staling rate and
bread crumb content on staling rate and bread crumb
pasting properties. Cereal Chemistry, 54, 207–15.
9- Mettler, E. and Seibel, W.1993. Effect of emulsifiers
and hydrocollid on whole wheat bread quality. cereal
chemistry.70: 373-377.
10- MacRitchie F, Gras PW. 1973. The role of flour lipids in
baking. Cereal Chem 50: 292.
11- Ozkoc, S. O., Sumnu, G., and Sahin, s. 2009. The
effects of gums on macro and micro-structure of breads
baked in different ovens. Food hydrocolloids, 23: 21822189.
12- Pouresmaeil, N.2010. Formulation and production of
prebiotic gluten free bread using transglutaminase enzyme
and hydrocolloids: guar and xanthan. M.Sc Thesis,
Department of Food Science and Technology, School of
Agriculture, Tarbiat Modarres University, Tehran, Iran
13- Rojas J.A., Rosell C.M., Benedito de Barber C. 1999.
Pasting properties of different wheat flour-hydrocolloids
system. Rojas 1999. Food Hydrocolloids 13, 27-33.
14- Sarkar N, Walker LC. Hydration-dehydration properties
of methylcellulose and hydroxyprophylmethylcellulose.
Carbohyd Polym 1995; 27: 177–85.
15- Selomulyo VO, Zhou W. Frozen bread dough: effect
of freezing storage and dough improvers. J Cer Sci 2007;
45(1): 1–17.
16- Sidhu, S. J. and Seibel, W.1988. Measurment of chapati
texture using Zwick universal testing machine. Lebensm
Wiss. U. Technal. 21:147-150.
17- Volpini-Rapina LF, sokei FR, conti-silva AC. 2012
. Sensory profile and preference mapping of orange
cake with addition of prebiotics Inulin and oligofructose.
LWTFood Science and Technology1-6.
18- Yarmand, M. S., & Seyedein Ardebili, M. (2005). Effect
of Gluten and Malt Flour on Staling and Quality of Barbari
Flat Bread. Iranian, J. Agric. Sci, 36, 591-602.

Acknowledgment
With special thanks to The Research and Technology
deputy of the Islamic Azad University, Tehran Branch.
WORLD FAMILY MEDICINE/MIDDLE EAST JOURNAL OF FAMILY MEDICINE VOLUME 15 ISSUE 9, NOVEMBER 2017
M I D D L E E A S T J O U R N A L O F FA M I LY M E D I C I N E • V O LU M E 7 , I S S U E 1 0

207

