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ABSTRACT

Tropical foods, especially cereals and legumes, have been found to show elevated levels of aflatoxin
contamination. This poses serious health risks to humans and animals that consume such foods. Also,
these contaminated food products face frequent rejection at the international markets due to safety
concerns thereby leading to food wastage, economic losses to producers, and reputational damage of
the country where the aflatoxin-infested food products originate. Therefore, the need for an effective
and innovative decontamination strategy other than the conventional methods to overcome these
concerns has become necessary and urgent. Cold plasma technology, as a non-thermal food
preservation technique, has emerged as a promising food decontamination intervention for mycotoxins
inactivation thereby ensuring the safety of food and extended shelf-life. This review sought to
demonstrate the potential application of cold plasma technology in causing the degradation of aflatoxin
B1 in some selected foods. The application of cold plasma was observed to be effective in degrading
the most toxicologically bioactive form of the aflatoxins, by rendering them less harmful than the original
aflatoxin B1 molecule. Several studies confirmed the effectiveness of cold plasma treatment of various
food matrices to inhibit the activities of aflatoxin-producing fungi: Aspergillus flavus and Aspergillus
parasiticus. The plasma technology assisted in the disintegration of the toxigenic aflatoxin molecules
(B1, B2, G1 and G2) accumulated in foodstuffs such as cereals and nuts (groundnuts). In view of its
aflatoxin-control efficacy, sustainability due to low running cost, and minimal impact on the nutritive
value of foods, this review proposes the adoption and utilization of cold plasma as a food preservation
technique by agro-based businesses and commercial food processing companies. This will help reduce
the levels of aflatoxins in foods to acceptable local and international standards to enhance food security,
profitability for businesses in the food supply chain, national revenue maximization through food export,
and guaranteed food safety for the global consumers.
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1.0. INTRODUCTION

Cereals and legumes including maize, millet, rice, as
well as groundnut (peanut) and beans form part of the
major diet in Africa and other parts of the world
(Suleiman et al., 2017; Temba et al., 2017; Soro-Yao
et al., 2014; Florkowski & Kolavalli, 2016; Ofori-
Adjei, 2012). Cereals and legumes are prone to
aflatoxin infestation along the agricultural chain from
pre-harvest stage through the harvesting stage and
post-harvesting stage (Burger et al., 2013; Lombard,
2014; Wagacha & Muthomi, 2008). Aflatoxin
infestation of these common food crops has
detrimental consequences on the output of the
agricultural sector generally while constraining the
attainability of the four food security pillars;
availability, access, utilization, and stability.The
consumption of cereals and legumes predisposes
animals and humans to toxic aflatoxins which has

serious health implications (Temba et al., 2017).

Characteristically, aflatoxins are mycotoxins:
biologically active molecules, that occur in nature
and produced by specific species of fungi
particularly, Aspergillus flavus and Aspergillus
parasiticus living in the soil and their rate of
production optimized by certain environmental
conditions of temperature 33°C and relative
humidity, 99% (Milani, 2013). Therefore, factors that
facilitate aflatoxin contamination include high
temperature, high relative humidity, bad storage
conditions, and pest infestation especially in the

tropical and sub-tropical regions of the world like

Ghana (Burger et al., 2013; Hell & Mutegi, 2011;
Kumar et al., 2008; Sowley, 2016). The four main
types of aflatoxins of health and agricultural
concerns include; aflatoxin B1, B2, G1, and G2.
Aflatoxin B1 is the most common of the four types.
A. flavus is known to produce only B-type aflatoxins,
whereas the A. parasiticus produces both B- and G-
type aflatoxins (Creppy, 2002; Zinedine & Mafies,
2009). The percentage composition and frequency of
occurrence of each type of aflatoxins in food crops is
a function of a number of factors including the type
of Aspergillus species involved, growing and storage
conditions of the crops, and other factors (Paterson &
Lima, 2010). Another type of aflatoxin of interest is
the M-type aflatoxins which usually do not occur on
crops, but are metabolic products found in meat and
milk of animals that feed on feedstock contaminated
by B1 and B2 (De Ruyck et al., 2015; Igbal et al.,
2015). A study by (Tsakiris et al., 2013) found that,
as animals consume aflatoxin B1 infested feedstuffs,
the Bl metabolizes to form the monohydroxy
product of aflatoxin M1, which is found in the meat
and milk of the animals. The aflatoxin M1 is the main
hydroxylated product of Bl produced through
Cytochrome P450 enzymes in the liver and get
expressed in the milk through the mammary gland.
Aflatoxins have received global attention because of
their carcinogenic, tetratogenic, and mutagenic
nature (Ismail et al., 2018; Richard, 2007). Exposure
to high doses of aflatoxin can cause acute health
problems like aflatoxicosis, which can lead to

vomiting, abdominal pain and even death when the
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Exposure to high doses of aflatoxin can cause acute
health problems like aflatoxicosis, which can lead to
vomiting, abdominal pain and even death when the
case becomes worse. Chronic exposure to low levels
of aflatoxin over time can result in health problems
namely; suppression of the immune system, delayed
recovery from malnutrition diseases (kwashiorkor),
liver function impairment, cancer of the liver, and
reduced growth rate or stunting in children (Kalorey
et al., 2001; Liu & Wu, 2010; Sherif et al., 2009;
Turner et al., 2003).

Due to the health impact of aflatoxins, a number of
countries have established permissible limits of
aflatoxin levels in their foods. For example, for EU
countries, the allowable limit is 4pug/kg while in the
USA, the allowable limit is 20pg/kg for all foods
(except milk). In Ghana, the permissible limit is
20pg/kg for raw groundnuts and 15pg/kg for maize.
The FAO and WHO have a limit of 30ug/kg and
Codex Alimentarius Commission 10pg/kg for all
processed foods. Available research from many
African countries and particularly Ghana found
aflatoxin contamination in maize, groundnuts and
sorghum and the products made from these crops to
be higher than the European Union aflatoxin limit
(4ppb) and that of USA (20ppb) (Bankole & Kpodo,
2005; Blankson et al., 2019; Kumi et al., 2014). It
was found that aflatoxin level in approximately 40%
of food commaodities found in local African markets
exceed allowable levels. A number of aflatoxin alert
notifications in groundnut paste exported from
Ghana to the EU (2004-2018) have been issued by

the EU countries. Food products infested with
aflatoxin in Ghana poses huge economic challenges
and account for losses approximately 319,000 tons or
18% of the total yearly production of maize in the
country (Omari et al.,, 2020). Quantifying this
phenomenon, the Partnership for Aflatoxin Control
in Africa (PACA) of the Africa Union Commission
(AUC) estimated the economic losses of aflatoxin to
Africa to be $670m yearly. (Omari et al., 2020) .
Post-harvest strategies for controlling aflatoxin in
food crops involves; rapid and adequate drying after
harvesting crops (Hell et al., 2008); cleaning and
sorting of food crops (Fandohan et al., 2005;
Whitaker & Johansson, 2005); proper storage
practices (Baoua et al., 2014; Hell et al., 2008; Hell
et al., 2014); heat treatment (Reddy & Rani, 2000);
chemical treatment with various chemicals; and
irradiation using gamma radiation (Igbal et al., 2013;
Markov et al., 2015). However, aflatoxins are
relatively stable in solutions of neutral pH, and high-
temperatures before they decompose at temperatures
of 237-306°C (Pankaj et al., 2018). Spores of
Aspergillus spp are resistant to UV photons due to the
existence of coat on spores that is capable of
absorbing UV photons. More so, the spores contain
the pigment melanin in the cell structure that
provides protection for the spore making them
immutable to stresses from the external environment
(Kimetal., 2017).

Prolong thermal treatment also causes damage to
food leading to undesirable changes in food quality,

such as loss of heat-labile nutritional components,
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changes in the physical texture of food, and changes
organoleptic of food
(Hernandez et al., 2019; Pereira & Vicente, 2010).
As a result of their chemical stability, high-

in the characteristics

temperature resistance, and UV photo-insensitivity,
degrading aflatoxins in contaminated foods is very
challenging. Since mycotoxins have been found to
have resistance against thermal processing, a shift of
focus towards the adoption of non-thermal
technologies such as cold plasma technology is
generating interest as an alternative to the traditional
aflatoxin-control strategies. (Gavahian & Cullen,
2020). This review, therefore, explores the potential
application of cold plasma technology to inactivate
the aflatoxin-product fungi as well as degrading

aflatoxin compounds in foods.

2.0. COLD PLASMA TECHNOLOGY

Cold plasma technology is an emerging non-thermal
food processing approach which has wide range of
applications in the food industry particularly for
decontamination of foods and food packages
(Afshari & Hosseini, 2014; Mahendran et al., 2017).
Due to its efficient antimicrobial efficiency and low
(<60°C),

gaining acceptance for

working temperature cold plasma
food
preservation in fruits and vegetables (Ramazzina et
al., 2015), meat and poultry (Kim et al., 2013), dairy
(Gurol et al., 2012), beverages (Liao et al., 2018;
Muhammad et al., 2019; Xiang et al., 2018), cereals

(Butscher et al., 2016), and spices (Hertwig et al.,

technology is

2015). The plasma technology principle is governed
by partial ionization of positive and negative ions,
free radicals, charged particles in the form of
electrons and photons, and gas-containing neutral
molecules. Plasma is observed to interact with
microbial cells and inactivate microorganisms of all
kinds (Mendes-Oliveira et al., 2019; Misra et al.,
2011; Umair et al., 2022). Inference made by (Hojnik
et al., 2017) suggests that cold plasma technology,
which  has effect on

powerful degradative

mycotoxins relative  to  the  traditional
decontamination interventions, is more effective and
fast in achieving results. Investigations have proven
that cold plasma treatment reduces aflatoxin level by
93 percent after 8 minutes of exposure to cold
atmospheric pressure plasma generated with ambient
air (Hojnik et al., 2019). Cold plasma aflatoxin
degradation power is derived from the Reactive
Oxygen Specifies (ROS) and Reactive Nitrogen
Species (RNS) which react with the aflatoxin double
bonds causing oxidative damage to the bond
resulting in the formation of molecules that are less
toxic than the initial aflatoxins. Cold plasma
technique, relative to the traditional physical,
chemical and biological decontamination techniques
in the food industry, has no adverse effect on product
quality and sensory characteristics of the food (Barba
et al., 2017; Sainz-Garcia et al., 2019). Thus a
number of investigations have been triggered to
study the effect and mechanism of decontamination
of aflatoxins using cold plasm (Nguyen et al., 2022;

Shi, lleleji, et al., 2017; Wielogorska et al., 2019).
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However, the viability of use of cold plasma
technology to decontaminate aflatoxin in indigenous
African foods particularly Ghana has not been
explored. This review therefore seeks to examine the
potential use of cold plasma to inactivate the
aflatoxins-producing fungi and also to cause
degradation of aflatoxins in various indigenous
Ghanaian foods (cereals, legumes as well as milk and
milk products) and recommend the adoption of the
technology to minimize the negative health impact

and economic losses due to aflatoxins in foods.

2.1. Efficacy of Cold Plasma in Controlling
Fungal Spores and Aflatoxins in Foods

A good number of physical, chemical, and biological
interventions have been used to decontaminate
aflatoxin-producing fungi as well as degrade
aflatoxins in food but with limited efficacy. For
example, physical strategy involving cleaning and
sorting grains to reduce aflatoxin contamination in
grains is ineffective (Shi et al., 2014). Aflatoxins are
also chemically stable in neutral solutions, and resist
high-temperature stresses (Pankaj et al., 2018). The
spores of aflatoxin-producing fungi, A. flavus and A.
parasiticus are known to be resistant to UV photons
due to the ability of the spore coat to absorb UV
photons. The spores also contain the pigment
melanin in the cell structure that provides protection
for the spore making them non-responsive to stresses
from the external environment (Kim et al., 2017).
Due to chemical

stability, high-temperature

resistance, and UV photo-insensitivity nature of
aflatoxins and the aflatoxin-producing fungi,
decontamination of the aflatoxin-producing fungi
and degrading aflatoxins produced in contaminated
foods is very challenging and therefore requires the
adoption of cold plasma technique. Cold plasma
treatment has been proven to decontaminate
aflatoxigenic fungi (A. flavus and A. parasiticus)
using the atmospheric pressure fluidized bed plasma
(Dasan et al., 2016) and degrade aflatoxin level by 93
percent after 8 minutes (Hojnik et al., 2019) ; or by
the use of high voyage atmospheric cold plasma
(Nguyen et al., 2022; Nikmaram & Keener, 2022).
Cold plasma technique, leaves no adverse effect on
the quality and sensory characteristics of the food
(Barba et al., 2017; Lopez et al., 2019). The negative
effects of the technique, such as toxicity, are still
under evaluation, but there are already studies
demonstrating that there is no negative impact
(Dzimitrowicz et al., 2022; Pohl et al., 2022). Factors
of cold plasma accounting for its efficacy in
decontamination of aflatoxin-producing fungi as well
as the degradation of the aflatoxins produced in
foodstuffs include; the plasma source (Okyere et al.,
2022; Sifuentes-Nieves et al., 2021; Wang et al.,
2023; Yan et al., 2019), the input power (Devi et al.,
2017; Liao et al.,, 2017), and input voltage and
frequency(Cheng et al., 2017; Dasan et al., 2016;
Deng et al., 2007), type of gas used and their
composition, and the reaction species in the plasma
(Amini & Ghoranneviss, 2016). Zhi et al 2023
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explored the application of dielectric barrier
discharge cold plasma to reduce aflatoxin in food

Figure 1 illustrates the experimental equipment used

in their study. This consists of dielectric barrier plate,
high voltage electrode, high voltage electric field

generator and controller.

Voltage
supply

v/

Dielectric ;

High
voltage
electrode

“— Plasma

Food
sample

layer e = uEE

v 4 B

Ground
electrode

Figure 1: The schematic of the experimental equipment for DBD cold plasma system. (Zhi et al., 2023)

2.2. Cold Plasma Inactivation of Aflatoxin-

producing Fungi in Foods

Table 1 provides a summary of the advancement of
cold plasma application in some selected topical
foods. A study undertaken by Suhem et al. (2013)
focusing on inactivation of A. flavus on malt extract
agar media and in a brown rice cereal bar, adopted
the cold plasma jet technique. Argon was used for
the treatment and two power levels, 20W and 40W
were considered, with the treatment time set from 5

to 25 min, the frequency range of 50-600 kHz, and

the voltage of the plasma generator maintained at
constant at 10kV. The extremely high treatment
condition (40W, 25 min) was observed to cause
complete inactivation of the A. flavus in the agar. The
results further indicate that the treatment condition at
40W for 20min at 25°C, 100% RH extended the
brown rice cereal bar with a shelf-life of 20 days. But
the treatment resulted in the production of
undesirable or objectionable aroma perceived by a
sensory testing panelist. The formation of the aroma

may be occasioned by lipid oxidation caused by the
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interaction of the free radicals with lipid component
of the brown rice cereal bar during the plasma
treatment. The study also revealed that the spores and
vesicles of A. flavus were also damaged during the
plasma treatment. The implication of the finding is
that cold plasma is capable of extending the shelf-life
of cereal such as rice by causing inactivation of
aflatoxin B-type producing fungus, A. flavus.

In a later study, Devi et al. (2017) examined the effect
of cold plasma treatment, on the growth of
Aspergillus parasiticus and Aspergillus flavus as well
as aflatoxins production. By infesting the fungal
species onto the groundnuts artificially and
subjecting the inoculated samples to air plasma
treatment at 40W and 60W power levels across
various time intervals revealed significant
inactivation of A. flavus and A. parasiticus by 99.3%
and 97.9% individually. The study also revealed total
damage to the fungal spore membrane resulting from
electroporation and etching effect exacted by the
reactive species of plasma. The finding of the
research suggests that cold plasma treatment can
cause a complete inactivation of aflatoxin-producing
fungi in legumes like groundnuts. Therefore, it has
the prospect of being used to decontaminate

aflatoxins in legumes.

2.3. Cold Plasma Degradation of Aflatoxins

in Foods

Cold plasma is still in its technologically nascent

state, but gaining a great deal of potential within the

food

(Wielogorska et al., 2019). Several investigations

industry for aflatoxin decontamination
have revealed the aflatoxin degradative effects of
cold plasma while impacting minimally on the
nutritional characteristics or organoleptic properties
(Wang et al., 2016) as shown in Table 2. The
aflatoxin occurring in food matrix is subjected to
degradation by reactive species including O, O3, OH,
NO, and NO; generated by the cold plasma. The
generated reactive species bombard chemical bonds
of the aflatoxin molecules causing degradation or
changing them into other harmless products (Misra et
al., 2019). This preservation treatment ensures high
decontamination of mycotoxins at relatively low
temperature of 5-30C without altering the quality
characteristics  relative  to  the  existing
conventional/traditional approaches (Mir et al., 2021;
Wielogorska et al., 2019). This section examines the
findings from the use of cold plasma technology to
decontaminate aflatoxins in various food crops
including cereals grains, legumes etc. so as to
establish the potentials of use of the technology to
reduce the contamination levels of aflatoxins in
indigenous Ghanaian foods to acceptable standards.
This has the benefit of reducing the economic losses
of foods due to high aflatoxin levels in food and also
ensures that food is toxicologically safe for
consumption. Shi, lleleji, et al. (2017) investigated
the effectiveness of high voltage atmospheric cold
plasma treatment in breaking down aflatoxins in corn

(maize). By subjecting the samples to air treatment at
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Table 1: Cold plasma treatment in controlling aflatoxins-producing fungi in selected foods

Type of food  Source of Cold Treatment Type of Significant References
matrix plasma conditions aflatoxin- findings
production
fungi
Brown rice Radio- Pressure: 1 atm A. flavus  40W for 20 min (Suhem et al,
cereals frequency Gas: Argon cuased an 2013)
atmospheric Power: 40W inhibition in the
cold Flow rate: 10 growth of A.
plasma jet L/min, Freq: 50— flavus for 20 days
600 kHz stored contantly
Voltage:10 kV at 25°C and
(max) 100% RH
Rice Dielectric Power: 220 V-50 A. parasiticus - The degradation (Zhi et al., 2023)
barrier Hz. operating (BNCC rate of AFB:
discharge voltage: 28— 169 144221) @flatoxin B;)
(DBD) cold kV, frequency: 50— A. parasiticus  reached the
plasma 200 Hz. maximum at the

Time: 35 mm
during treatment.
Grain mass: 20.0 g
dielectric barrier at
70— 100 kV for 5—
60 min,
temperature of 20
+2°C

humidity of 56 +
1%.

Gas: (0%0; +
70%N. + 30%
CO,, 25%0; +
45%N2 + 30%
CO,, 45%0; +
25%N, + 30% CO>
and 65% O, +
5%N; + 30% CO,)

voltage of 100
kV. In addition,
AFs was reduced
from 161.05
ug/kg to 70.33
ug/kg, with the
largest
degradation rate
of 56.37%.

- in general, the
treatment reduced
1.08%-55.34%
of AFB1 and
4.23%-56.37%
of AFs ( total
aflatoxin)
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Groundnuts

Peanut
kernels

Glow
discharge
plasma

plasma jet

frequency 13.56
MHz.

Power: 40 W and
60 W.

Voltage: 1500 V
1950 V.
Humidity (RH) of
air used: 45.3 £
0.3%

Grain mass:10.0 ¢

Frequency: 13.7 A
and 12.5 MHz
Power: 180 or 200
w

flow rate: 30
standard liters per
minute (slm)
Time: 2.5, 3.5, 5,
7.5, 10 min

mass: 15+ 1¢g
storage: 25 °C and
85-90% relative
humidity (RH) for
5 days

Aspergillus
parasiticus
Aspergillus
flavus

Aspergillus
flavus

- The inactivation
of A. flavus and
A. parasiticus is
effective at
higher power
level (60 W) than
40 W; the
optimum time for
inhibition at 60
W was 6 min
earlier than 40 W
treated samples.

- There is 97.9 %
and 99.3%
reduction in the
growth of A.
parasiticus and
A. flavus
respectively,
when treated at
60 W powers
-The plasma
treatments carried
out at 180 and
200 W 3.5 min
exhibited
reductions of
4.08 and 4.64 log
CFU/q,
respectively

(Devi et al., 2017)

(Linetal., 2022)
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to air treatment at varying relative humidity (5, 40,
80% RH), treatment time (1, 2, 5, 10, 20, and 30
min), the aflatoxin content in the corn sample was
reduced tremendously by 62% and 82% at 1 and 10
min treatment respectively at a constant RH 40% air.
The degradation kinetics of aflatoxin of the cold
plasma treatment followed a logistic model. Higher
degradation of aflatoxin was observed with
increasing relative humidity (40%, 80%).

Similar investigation by Devi et al. (2017) examined
the effect of cold plasma treatment on the growth of
Aspergillus parasiticus and Aspergillus flavus as well
as aflatoxins productions as an alternative to
chemical free and thermal treatments. By artificially
infesting the fungal species onto the groundnuts and
the subjecting it to air plasma treatment at 40W and
60W energy levels across various time intervals
revealed that the treatments of the inoculated samples
at 40W 15 min and 60W 12min plasma induced 70%
and 90% degradation in aflatoxin Bl level. The
outcome of this study confirms the capacity of cold
plasma treatments to cause degradation of aflatoxins
in food rendering them less toxic. Also, Basaran et al.
(2008), in applying low pressure cold plasma (LPCP)
equipped with air gases and sulfur hexafluoride
(SFe), investigated the effectiveness of plasma
treatment against aflatoxins produced by A.
parasiticus inoculated on a wide range of nut samples
using air gases for 20 min. The air plasma treatment
found a 50% degradation effect in total aflatoxins
(AFB1, AFB2, AFG1, and AFG2). The study also

observed a 20% reduction in the total aflatoxin
content when the gas was changed to sulfur
hexafluoride (SF¢) for the same treatment time of 20
min. The study portrays the potential use of cold
plasma to degrade aflatoxins in nuts.

(2016)

degradation in food foodstuffs, such as nuts using

Siciliano et al. investigated aflatoxins
cold atmospheric pressure plasma by optimizing the
cold atmospheric pressure plasma conditions to
reduce the presence of aflatoxins on dehulled
hazelnuts. The impacts of different gases (N2, 0.1%
Oz and 1% O, 21% 0O), power (400, 700, 1000, 1150
W) and exposure time (1, 2, 4, and 12 min) were
optimized. The results showed that hazelnuts at cold
plasma condition of (1000 W, 12 min) portrayed a
significant reduction in the load of total aflatoxins
and AFBL1 to over 70%. Aflatoxins B1 and G1 were
observed to be more responsive to plasma treatments
relative to aflatoxins B2 and G2. Aflatoxin Bl
responded to cold plasma treatment more than G1.
The use of cold atmospheric plasma promises to be
an ideal method for aflatoxin decontamination in
foods and also has marginal impact on the nutritional
properties of the food.

Sakudo et al. (2017) inoculated aflatoxin Bl to a
cover glass and subjected the inoculated glass to cold
plasma treatment fitted with nitrogen gas and using a
short high voltage pulse from a static induction
thyristor power supply at 1.5 kpps (kilo pulse per
second). The finding with respect to enzyme-linked

immunosorbent assay showed that a 20 mL sample
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a 200 ppb solution of AFB1 was effectively degraded
by more than 90% of its original value (less than one
tenth of the initial concentration level) within 15min.
The

chromatography provided

results  of  high-performance liquid

information of the
degradation of AFB1 by plasma treatment yielding

small fragments, purported to come from the original

stock of the AFBI. Additionally, the biological
activity of the AFBI was measured using a cell-based
assay of HepG2 and it revealed that the AFA1L lost its
cytotoxic activity signaling the potential of cold
plasma treatment to render the cytotoxic capacity of
AFBL1 less effective.

Table 1: Cold plasma treatment in degrading aflatoxins in selected foods

Type of aflatoxin Cold plasma treatment Type of food % Reduction of References
matrix aflatoxin
Aflatoxin B1 Helium gas with 0.5 and Corn 65% (Wielogorska et
0.75% of oxygen, exposure al., 2019)
time 10 min, frequency 20kHz
Aflatoxins Treatment time 1min, humidity Corn 62% (Shi, lleleji, et
40%, modified atmosphere al., 2017)
65% oxygen 30% CO»/5% N2
Aflatoxin Treatment time 10 min, Corn 82% (Shi, leleji, et
humidity 40%, modified al., 2017)
atmosphere 65% oxygen 30%
CO2/5% N2
Al,B1,Gland G2 Low pressure cold plasma Hazelnuts, 50% reduction in total (Basaran et al.,
gas : air and sulfur peanuts, and  aflatoxins (AFBL, 2008)
hexafluoride (SF¢) pistachio nuts AFB2, AFGL1, and
Time : 5min AFG2) for 20mins,
-20% reduction in
total aflatoxin was
observed after 20 min
SF6 plasma treatmen
Aflatoxin B1 Air plasma treatment at Groundnuts  -70% for 40W (Devi et al,
40Wand 60W for 12mins -90% for 60W 2017)
Al,B1,Gland G2 Treatment was done using Hazelnuts >70% total aflatoxins  (Siciliano et al.,

different gases at varying
concentration, time, and power
of the plasma device

2016)
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2.4. Mechanism of Action of Cold Plasma

effect on Aflatoxins Degradation

Based on the mechanism of cold plasma induced
degradation of aflatoxins, Wu et al. (2021) observed
two main studies focused on the chemical partway
for the degradation with respect to AFB1 including
the pathway proposed by Wang et al. (2016) and that
of Shi, lleleji, et al. (2017) as shown in Figure 2.
Wang et al. (2016), in studying the effectiveness of
low-temperature radiofrequency plasma (LTRFP) in
AFB1

observation that the rate of degradation AFB1 was

removal as a contaminant made the
about 88.3% reduction after cold plasma treatment at
300W for 10min. The results showed AFB1
breaking down into five major products classified
under two pathways: first pathway resulting in 3 of
the products (Products A, B, and C), and the second
pathway giving rise to the other 2 products (Products
D, and E). All the AFB1 degradation products did not
retain their C=C double bonds on the terminal furan
ring. Free radicals from cold plasma such as O-, He
and OH+ were implicated for initiating the reactions
leading to the formation of the degradation products.
The conclusion is that the degradation of AFB; is by
free radical reaction mechanism involving reactive
species from cold plasma. In another study, Shi,
Cooper, et al. (2017) investigated the efficacy of use
of high voltage atmospheric cold plasma (HVACP)

to cause degradation of pure AFB1 and found that the
treatment with HVACP had the capacity to induce
the degradation of AFBL1 resulting in AFB1 losing
76% of its initial concentration after 5 min of
treatment time. The study also found six main
degradation products and classified the mechanism
of their formation from AFBI into two main reaction
pathways on the basis of the molecular structure. The
first reaction pathway of the degradation is observed
to be addition reaction involving the addition of small
molecules in two separate ways; one with addition of
water (H20) to form product 1 followed by hydrogen
(H2) to form product 2, and the other with addition
of aldehyde (CHO) to form product 3. The second
pathway is observed to include two separate
processes; one involving epoxidation reaction
initiated by hydroperoxyl radical (HO2¢) forming
product 4, and the other involving oxidation reaction
through the initiative of HOe, H,O,, and O3 to from
product 5 followed by product 6. As illustrated in
Figure 3. The central point in this study is that ROS
are perceived to be the main cause of AFB1
degradation and that all the products are formed with
the initial break down of Cg=Cq double bonds on the
furan ring, followed by reaction with reactive species
(RS) from cold plasma and consequently the
formation of degradation products with lower

toxicities level than AFB1.

Science and Development

Volume 8, No. 2, July 2024
ISSN: 2821-9007 (Online)



Apalangya et al., 2024 « Potential Application of Cold Plasma Technology to control Aflatoxin...

74

OH o
HOOC
HO OH

o OH

(Product B: C,(H,.,0,)

OH

(Product A: C,,H,,0,)

-CO (Pathway 1)

(Product C: C,(;H,,0,)

(AFBI: C,;H,;0,)

+H,0

(Pathway 2)

OH O

O/

(Product E: C,-H,,0,)

Figure 2: Pathways of degradation of aflatoxin B1 as proposed by Wang et al. (2016)
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Figure 3: Pathways of aflatoxin degradation as proposed by Shi, Cooper, et al. (2017)

3.0. CONCLUSION legumes has led to food wastage and economic losses

to producers. This calls for the urgent need to adopt
The “high level of aflatoxin contamination of an appropriate aflatoxin control strategy alternative
indigenous Ghanaian foods especially cereals and to the traditional aflatoxin-control methods. Cold
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plasma technology has been found to have the
potential to inactivate both the aflatoxin-producing
fungi as well as degrade aflatoxin compounds in
contaminated foods to acceptable standards. The
potential of cold plasma in controlling aflatoxins is
grounded on four factors. First, the effectiveness of
the technology to inactivate aflatoxins-producing
fungi specifically A. flavus, and A. parasiticus in
various foods similar to indigenous Ghanaian foods.
Second, the capacity of the technology to cause the
degradation of the aflatoxins molecules or convert
them to other forms with a weakened capacity to
induce aflatoxicosis and its associated adverse health
Third, the
application of the technology has minimal effect on

conditions in humans and animals.

the nutritive value of the foods subjected to
treatment. Fourth, the technique is also sustainable
due to its minimum energy requirements for
operation and its low investment cost. Therefore,
small and medium-sized

micro, agro-based

businesses as well as large food processing

companies particularly in aflatoxin endemic
countries can adopt the cold plasma technology to
reduce the levels of aflatoxins in foods and food
products to acceptable local and international
standards. This will help reduce the huge economic
losses caused by aflatoxin contamination. It will also
ensure availability of food (food security), reduction
in food wastage, and ensure food safety for the
population. The risk of rejection of food and food
products from African countries at the international

markets will be reduced.
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