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Abstract: The article presents the effects of different doses of gamma irradiation on the degradation of aflatoxins B1, B2, G1 and G2 in wheat 

flour. The experiment was conducted after contamination of wheat flour samples with mixture of aflatoxins with concentrations from 3 µg/kg 

to 12 µg/kg using reference material. Irradiation of flour aliquots with absorbed doses from 5.8 kGy to 27 kGy was carried out in an 

industrial gamma irradiation facility BULGAMMA. The concentrations of the aflatoxins before and after the radiation processing were 

measured by HPLC. The results showed that gamma irradiation with 27 kGy caused the highest degree of destruction of aflatoxins B2 (82 %) 

and G2 (81 %), followed by aflatoxin G1 (65 %) and to the lowest extend of aflatoxin B1 (59 %). Gamma irradiation with the maximum 

allowable dose for commercial food irradiation of 10 kGy was not sufficient to destroy the studied aflatoxins to the maximum permissible 

concentrations in wheat flour. 
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1. Introduction 

Aflatoxins are mycotoxins that are produced by naturally occurring 

species of fungi [1] and can be found in various foodstuff [2]. 

Numerous studies have been devoted to the methods for their 

determination and decomposition due to the serious danger they 

pose to human health [3-12]. 

Aflatoxins B1, B2, G1 and G2 are the most common mycotoxins and 

have proven highly carcinogenic effects. They are produced by 

strains of Aspergillus flavus and Aspergillus parasiticus. According 

to their chemical nature, they are furocoumarins. Furocoumarins are 

a class of organic chemical compounds with phototoxic properties, 

found naturally in many types of plants, some of which are 

commonly consumed by humans. Furocoumarins are synthesized by 

plants through the fusion of a coumarin and a furan ring [13, 14], 

generating linear or angular isomers. The two main isomers of 

furocoumarins are psoralens and angelicins (isopsoralens), 

depending on the position of the furan ring [5]. Chemical structures 

of psoralen and isopsoralen and aflatoxins B1, B2, G1 and G2 are 

presented on Figs. 1-2.  

 

Fig. 1 Chemical structures of psoralen and isopsoralen  

 

Furocoumarins are produced by plants as a defense mechanism 

against various types of pests, such as insects, fungi and bacteria. 

They react with their DNA thus disrupting their replication when 

exposed to UV light. In this way, they inhibit microbial growth and 

increase insect mortality [5].  

The basis of all physico-chemical methods for qualitative and 

quantitative determination of aflatoxins is their ability to fluoresce 

under the influence of UV rays [5]. Aflatoxins that fluoresce in blue 

are designated as B1 and B2, and those that fluoresce in yellow-

green light are designated as G1 and G2.  

 

 

Fig. 2 Chemical structures of aflatoxins B1, B2, G1 and G2 

 

Aflatoxins are low-molecular compounds that are persistent and do 

not break down in the process of technological treatment of infected 

substrates. They are not destroyed during steam treatment, 

granulation, drying, as well as during long-term storage. They are 

also resistant to the action of acids and bases. 

Aflatoxin B1 has been classified by the International Agency for 

Research on Cancer (IARC) as a class 1 human carcinogen [9]. 

Aflatoxin B1 is the most toxic metabolite. Its share is about 80% 

of the total amount of aflatoxins, and aflatoxin G1 is the least toxic. 

It has been established that aflatoxin B1 occurs most often in cereals 

- corn, wheat and rice. It has a pronounced hepatocarcinogenic 

effect on humans and animals [6]. 

Radiation processing of contaminated foodstuff has been studied as 

a method of toxin degradation. However the results obtained are not 

unambiguous and depend on the studied product. 

In 2003, at the Congress of Microbiology in Brazil, a report was 

presented on the effect of gamma irradiation on the levels of 

aflatoxin B1 and fungal infection, examining samples of peanuts, 

variety Tatu Vermelho. At a radiation dose of 10 kGy, mold growth 

was completely stopped, and doses of 15, 20, 25 and 30 kGy were 

sufficient to decompose aflatoxin B1 by 55-74%. The results 

showed that decontamination of molds by gamma irradiation, 

before the formation of aflatoxin B1, is the most acceptable method 

for preserving peanuts [11]. 
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Another study showed that the degradation of aflatoxin B1 in food 

samples depended on their oil content. Thus, in peanuts, which have 

the highest oil content, the percentage of degradation of aflatoxin 

B1 at 10 kGy is no more than 60%, while in maize, which has the 

lowest oil content, it reaches 80%. The reported results show the 

possibility of using gamma radiation as a means of degrading 

aflatoxin B1 in food and feed crops to levels lower than the 

maximum permissible [9]. 

According to [10] gamma irradiation is a suitable technique that 

reduces aflatoxin B1 levels in cereal samples without affecting 

nutritional values. The absorbed dose of 4 kGy led to reduction of 

aflatoxin B1 with nearly 16% for maize, 22 % for wheat, and 27% 

for rice, while at 6 kGy, the percent reduction of aflatoxin B1 was 

32%, 44%, and 56%, respectively. A radiation dose of 8 kGy 

removed about 60% of the toxin in corn, 65% in rice, and 69% in 

wheat samples. The authors concluded the higher radiation doses of 

8 kGy are required to remove the toxin until it reaches the legal 

limit [10].  

The aim of the present study is to present the applicability of 

gamma-irradiation processing with doses from 5.8 kGy to 27 kGy 

for decomposition of aflatoxins B1, B2, G1 and G2 in wheat flour.   

 

2. Materials and Methods 

2.1. Samples 

For conducting the research, white wheat flour was 

contaminated in the laboratory with the aflatoxins under 

investigation. Five samples of white wheat flour were prepared, 

with three repetitions each. 25 grams of each sample were weighed 

on an analytical balance, transferred to glass vials and contaminated 

with mixture of the four toxins at concentrations between 3 µg/kg 

and 12 µg/kg using reference material Romer Labs 

L18492M/06.2019.  

2.2. Sample preparation 

2.2.1.Solid phase extraction, using immunoaffinity columns: 
Contaminated flour from each sample was transferred to 500 mL 

iodine flasks with stoppers. 5 grams of sodium chloride and 125 ml 

of methanol/water were added in a ratio of 70/30. The entire 

mixture was homogenized and extracted for one hour on a shaking 

machine. 

Dilution of the extract: The entire amount of sample was filtered 

through Whatman No. 4 filter paper. 15 mL of the filtrate was 

measured into a graduated cylinder and 30 mL of deionized water 

(1) was added. 

Purification by immunoaffinity column: The immunoaffinity 

column AFLAPREP® was connected to the solid phase extraction 

system by means of adapters. 15 mL of the filtrate (1) were passed 

through the column under the influence of gravity. After the entire 

amount of filtrate has passed, the column is washed with 30 mL of 

deionized water at a flow rate of 1-2 drops per second, and finally 

the column is dried by passing air. 

Elution: The column was moved to the position of the solid phase 

extraction system, which was equipped with a vial. Aflatoxins were 

eluted with 2 mL of methanol passed through the column under 

gravity. After the eluate had flowed out, a vacuum was created in 

the system to drive off the methanol. 

Concentration of the extract: The methanol extract was evaporated 

in a stream of nitrogen at 40°C. The dry residue was dissolved in 1 

mL of methanol/water, in a ratio of 50:50, immediately before 

analyzing the sample. It was homogenized on a vortex and 

transferred to a vial for liquid chromatography separation. 

All chemicals and solutions were high purity grade and purchased 

from Merck (Darmstadt, Germany) and Sigma-Aldrich (St. Louis, 

MO, US). 

 

 

 

 

2.3. Gamma-irradiation 

Gamma-irradiation was carried out with the industrial gamma-

irradiator BULGAMMA, based on the JS-850 60Co type gamma-

irradiator, located at Sopharma JSC, Sofia, Bulgaria. The device 

was validated by the manufacturer NORDION (Canada). Doses 

applied to the irradiated samples were determined using ethanol-

chlorobenzene dosimeters. 

2.4. Instrumentation 

The concentrations of aflatoxins B1, B2, G1 and G2 were 

measured using HPLC 1100 Series Agilent Technologies. The 

analysis was carried out according to BDS EN ISO 16050:2011 

“Foodstuffs. Determination of aflatoxin B1, and the total content of 

aflatoxins B1, B2, G1 and G2 in cereals, nuts and derived products - 

High-performance liquid chromatographic method".  

A Zorbax Eclipse Plus C18 chromatographic separation column 

(3 mm x 150 mm, particle size 5 μm) equipped with a pre-column 

and a fluorescence detector with a wavelength of 362÷455 nm was 

used for the quantification of aflatoxins. The temperature of the 

column thermostat was set at 30°C. The mobile phase for the 

quaternary pump (1) consisted of a mixture of deionized water 

(channel A), methanol (channel B) and acetonitrile (channel C) in a 

ratio of 62% : 28% : 10%. The mobile phase for the isocratic pump 

(2) was pyridine perbromide. 100 μL of the sample was injected 

into the apparatus; the flow rate was 0.6 mL/min for pump (1) and 

1.25 mL/min for pump (2). The time for analysis of one sample was 

17 minutes. 

The retention times of the aflatoxins under investigation were as 

follows: 8.35 min for G2, 10.24 min for G1, 12.03 min for B2 and 

15.08 min for B1, as shown on Fig. 3. 

Fig. 3. Chromatogram of non-irradiated sample of wheat flour, 

contaminated with aflatoxins B1, B2, G1 and G2 

 

3. Results and Discussion  

 

The concentrations of aflatoxins in the samples of wheat flour 

before and after gamma irradiation with different doses are 

established in Table 1. The presented data are expressed as the 

means of three replicates ± standard deviations (SD). 

Significant decrease of the concentrations of the four aflatoxins 

with the increase of absorbed dose was measured as shown on Fig. 

4. The decomposition [%] of the aflatoxins as a result of the 

absorbed doses gamma irradiation are established on Figs. 5, 6. 

From the data presented, it can be seen that aflatoxins B2 and G2 are 

degraded most efficiently, and aflatoxin B1 undergoes the least 

degradation. The results showed that at the maximum absorbed dose 

of 27 kGy, aflatoxins B2 and G2 are destroyed to the greatest extent 

- 82% and 81%, respectively, followed by aflatoxin G1 (65%) and 

aflatoxin B1 (59%). Applying such a high dose, however, is not 

recommended for food, and is only permissible for sterilization. 

Lower radiation doses resulted in 14% to 28% toxins destruction (at 

5.8 kGy) and 27% to 42% toxins decomposition (at 10.9 kGy). 

Although gamma irradiation has been proven to be an effective 

method for destroying toxic pollutants [5, 9-12, 15, 16], the 

application of high doses is not always possible when it comes to 

food products. The maximum allowable dose for commercial food 

irradiation in many countries is 10 kGy [17]. 

 

INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS" WEB ISSN 1314-507X; PRINT ISSN 1313-0226

18 YEAR XVIII, ISSUE 1 , P.P. 17-20 (2024)



Table 1: Concentrations of the aflatoxins B1, B2, G1 and G2 in 

wheat flour before and after gamma-irradiation with different 

absorbed doses. 

 

    Fig. 4. Decrease of the concentrations of aflatoxins B1, B2, G1 

and G2 in wheat flour as a result of gamma irradiation 

 

According to European Commission regulations [18] the permitted 

maximum levels of aflatoxin B1 and total sum of aflatoxins in all 

cereals and all products derived from cereals, including processed 

cereal products is 2 µg/kg and 4 µg/kg, respectively. As can be 

seen from Table 1, the maximum permissible concentrations of 

aflatoxins are not reached even after applying a radiation dose of 27 

kGy.  

The need of high doses gamma irradiation for decomposition of 

aflatoxins was found in other investigations. Khalil et al [15] have 

studied the reduction of aflatoxins and ochratoxin A in maize by 

irradiation and found maximum degradation of the formed 

aflatoxins and ochratoxin A in maize occurred at 20 kGy, with best 

reduction rates of 40.1%, 33.3%, and 61.1% observed for aflatoxin 

B1, aflatoxin B2, and ochratoxin A, respectively. Therefore the 

authors recommended grains irradiation by gamma radiation at 6.0 

kGy to decontaminate mycotoxin-producing molds before they 

produce mycotoxins [15]. 

Iqbal et al [16] summarized that more than 10 kGy radiation dose is 

required to achieve complete sterilization in dried chilli. 

Decontaminating viable mold spores by gamma irradiation before 

aflatoxin production appeared to be the most acceptable method to 

preserve dried chilli from aflatoxin contamination [16].  

Obviously, the effectiveness of gamma irradiation to neutralize 

contaminants to acceptable levels also depends on the initial 

concentrations of toxins in food products. 

 
 Fig. 5. Decomposition, [%] of aflatoxins B1 and B2 after 

different absorbed doses.   

 

 

 

      Fig. 6. Decomposition,[%] of aflatoxins G1 and G2 after 

different absorbed doses.  . 

 

 

When the concentrations of the contaminants are higher than the 

permitted levels for foodstuff, other methods for decontamination 

can be combined with gamma irradiation processing. 

 

4. Conclusions 

The present study showed that gamma irradiation of wheat flour, 

contaminated with aflatoxins  B1, B2, G1 and G2, with doses up to 

27 kGy led to their decomposition from 59 % (for aflatoxin B1) to 

82 % (for aflatoxin B2). The effective destruction of the toxins, 

present in concentration levels 3 µg/kg – 12 µg/kg to the 

permissible concentration levels in wheat flour was not possible 

only by applying gamma irradiation processing, but combined 

methods are necessary. The application of gamma irradiation with 

doses significantly higher than 27 kGy could result in successful 

decomposition of mycotoxins however is not recommended for 

processing of food products. Such an approach could be used in the 

disposal of unfit for consumption contaminated food products 

before their disposal, in order to prevent further spread of 

contaminants. Timely prevention of aflatoxin production, however, 

is still the best way to avoid these toxins from entering food 

products. 
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