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Evaluating the role of Ultraviolet Radiation and Ozone
gas in reducing Aflatoxin in Rice
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Introduction

Cereals are considered one of the
economically important crops in the world [1]. The
consumption of grains and their products is an
essential source of energy and food, especially in
low-income countries because of their cheap price.
The contamination of crops, especially grains, by
molds during the pre- and post-harvest stages It can
lead to toxic secondary metabolites known as
mycotoxins such as aflatoxins and ochratoxins, and
are of great source of concern due to their frequent
presence in foods [2] , and deoxynivalenols, and
trichothecenes  [3,4]. Rice is one of the most
cultivated and consumed grains all over the world,
reaching 496.9 million tons, produced in 2019-2020
and it is grown in Spain, Africa, Australia, Europe
and America [5]. Rice production in China (147
million tons), India (118 million tons), and
Bangladesh (36 million tons) is considered one of
the first countries in rice production in the world,
and the main sources are China, the Philippines, and
the European Union [5], there are two types of rice
grown all over the world, Oryza sativa, two
subspecies (Japonica, Indica), and O.glaberrima,
which grows in some African regions.

Recently, there are seven registries that have
licensed genetically modified rice, especially Oryza
Sativa, to be fit for consumption through its
resistance to insects and resistant of pesticides, and
the rice known as golden contains vitamin A [6]
.Aflatoxins were isolated from rice, and the two
main fungi that produce aflatoxin are (A. flavus and
A. parasiticus). Improper drying is the cause of rice
contaminated ,fungi and color change.[7]

Aflatoxins are known as mycotoxins that are
common in many countries and are produced by
fungi of the genus of A.Flavus, and A.Parasiticus
[8]. To reduce aflatoxin contamination, ultraviolet
radiation was used, it breaks unsaturated bonds and
changes the chemical structure and properties of
aflatoxin, leading to inhibition and a significant
decrease in the cytotoxicity and mutagenicity of
aflatoxin treated with ultraviolet radiation.[9,10]

Ozone has also been used as a powerful
oxidizing agent to control aflatoxins in food [11].
Ozone has been approved since 1997 by the Food
and Drug Administration and is considered safe [12]
,and cannot cause harm to health due to its short half-
life. 15-30 minutes [13] Ozone decomposes and
destroys AFB1 and AFGL1 through interaction with
the double bond in C8-C9 of the lactone ring and it
is rearranged into monoderivatives, which are
aldehydes, ketones, acids, and carbon dioxide [14]

Therefore, our study aimed to study
mycotoxins in some types of rice, and how to reduce
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it through physical and chemical methods, and
evaluate their efficiency in eliminating mycotoxins.

Materials and methods

Samples Collection: Samples of three types of rice
(white, kulbahar, and amber) of 250 grams for each
sample from the markets of Mosul city. They were
placed in sterile nylon bags. They were numbered,
and information related to each sample was
included. They were tightly closed and then
transported to the laboratories of the Agricultural
Technical College. Plant Production Techniques
Department and the samples were kept at room
temperature. Until tests are done and check for
mycotoxins.

Detection of aflatoxin: Aflatoxin was estimated in
types of rice (white, kulbahar, amber) using ELISA
technology according to the method manufactured
by (SUNLONG BIOTECH, Cat. No: SL00040t).
Testing the effect of ozone gas and ultraviolet
radiation on destroying and reducing aflatoxin in
rice.

Ultraviolet test: Placed 100 grams of three types of
rice powder under study in a glass containers and
exposed to 360 nm ultraviolet radiation for 60
minutes, after which the samples were stored in the
refrigerator at a temperature of 4°C until tests were
conducted on them.

Ozone gas(03) : Placed 100 grams of rice powder
under study in a two-hole glass flask with a capacity
of 1 liter, at a rate of 3 repetitions per treatment, and
it was exposed to ozone gas at 2 mg/min for 10
minutes from one of the two holes, and the gas exited
from the other hole. After that, the samples were
stored in the refrigerator at 4°C until the procedure
was performed tests on it.

Statistical Analysis: The SPSS statistical analysis
system was used to analyze the results of the study
statistically, the least significant difference at the
probability level of 0.05 was used to compare the
arithmetic means of the studied traits [15]

Results and discussion

Due to the spread of mycotoxins in field crops and
grains as a result of poor storage conditions and high
humidity, our study included investigating
mycotoxins in some rice (white, kulbahar, amber)
and finding the best way to reduce these toxins
without affecting its nutritional value by using
physical methods, such as ultraviolet radiation. And
chemical methods such as using ozone gas.
Experiments on three types of rice (white, kulbahar,
and amber) showed that the best and most efficient
method is to use ozone. We obtained the highest
reduction percentage of mycotoxins, which was
34.64% in amber rice, while in white rice the
percentage was 27.50%, and the lowest percentage
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26.01% in Gulbahar rice compared to ultraviolet
radiation, where the reduction in white rice reached
25.00%, while in Gulbahar rice it was 12.45%, and
finally in Amber rice it was 11.76% as shown in
Table (1) and Figure (1).

Table 1. The effect of ozone gas (2 mg/min) for 10

minutes, UV (360 nm/hour), on reducing the
concentration of aflatoxin in all types of rice.
Rice Aflatoxin(ppm) Ozone% UV %
White 8.00 27.50 25.0
Gulbhar 8.11 26.01 12.45
Amber 6.12 34.64 11.76

DETOXIFICATION OF
AFLATOXIN %

B ULTRAVIOLET Ozone gas

34.64

27.5
26.01

12.45
11.76

WHITE GULBHAR AMBER

Figure 1. Detoxification of aflatoxin % using ultraviolet
and ozone gas in types of Rice

This study agreed with several countries in the
world, including Pakistan, Brazil, Indonesia, and
China, and India, Korea, and Austria reported the
presence of aflatoxin in rice samples ,A study in
Pakistan showed that 72 samples out of 208 were
contaminated with AFB1 at a concentration of (3.60)
g/kg [16],while a study in Canada showed that the
average concentration of AFB1 toxin in rice
imported from the United States of America and
Asia was approximately (0.34) g/kg and (0.39) g/kg
[17].

A recent study in Iran showed that (24) samples of
rice flour were contaminated with AFB1 at
concentrations of (0.46 and 10.16) g/kg [18]. It was
also observed in China [19] that 370 rice samples
contaminated with aflatoxin were collected from six
different species in different regions, and among
these samples it was found that 63.5% were infected
with AFB1.

In another study, aflatoxin was detected in 75
samples of boiled rice found in fiber in the United
States of America, with a percentage ranging from
0.052 to 2.58 micrograms/kg for aflatoxin in general
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and a percentage of 0.014 to 0.123 micrograms/kg
for AFB1[20].

A study conducted in Brazil showed that 187
samples of rice in the field and processing markets
were analyzed in wet and dry lands for fungi. Five
species of fungi were identified: A. flavus, A. cae
latus, A. novoparasiticus, A. arachidicola, and A.
pseudo caelatus,, and 14% of the samples were
positive. for aflatoxin with two samples exceeding
the Brazilian regulatory limit of 5 pg/kg [21].

In another study conducted in Guyana on 186
samples of rice contaminated with aflatoxin, among
these samples it was found that 16 samples
contained aflatoxin in high concentrations higher
than the United States and European Union
regulatory limits, respectively [22].

The reason for the reduction of aflatoxin by ozone is
due to the electrophilic attack on the double bond in
the difuran ring, forming a primary ozonide,
followed by the reorganization of molosonide into
secondary products represented by ketones,
aldehydes, and organic acids [23], and the high
moisture content is the main factor preventing the
destruction of the resulting aflatoxin. Regarding
ozone, some studies have shown that ozone changes
the chemical composition of fatty acids and protein
contents in processed foods [24,25], and this is
consistent with testing the decomposition of
aflatoxin induced by ozone on different foodstuffs,
especially in wheat and corn. Peanuts, pepper, and a
clear decrease in the percentage of aflatoxin [26],
while the lowest reduction percentage was obtained
using ultraviolet rays. The reason is attributed to the
fact that ultraviolet rays break down unsaturated
bonds and change the chemical composition and
properties of aflatoxin, which leads to inhibition and
decrease. On the cytotoxicity and mutagenicity of
aflatoxin treated with UV radiation [27,28].

CONCLUSION

It is concluded from our study that by exposing the
three types of rice (white, kulbahar, and amber) to
ultraviolet radiation and ozone, we obtained the
highest percentage of decrease in amber rice using
ozone and using ultraviolet radiation in white rice.
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