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ABSTRACT 
 

Aflatoxins (AFs) are dangerous mycotoxins, which include a great number of lipophilic molecules 
produced by aerobic microscopic fungi belonging to the genus Aspergillus causes health hazard 
including death to human and livestock. The objective of this study was to evaluate the 
effectiveness of ozone gas treatment on the fungal growth and detoxification of AFs - contaminated 
wheat and corn grains. Ozone concentration treatments 40 mg / Kg wheat for 1 hour and 80 mg / 
Kg corn for 2 hours of exposure time respectively were applied to contaminated samples of wheat 
and corn grains. It was observed that completely inhibition of Aspergillus growth and consequently 
the total aflatoxin content was decreased. In vivo, the biosafety assessment for 72 male albino rats 
fed on diet containing 70% wt. of ozone treated AFs – contaminated grains were evaluated 
comparing to control groups. Results indicated that rats fed on AFs contaminated grains have 
significantly increased the serum enzymes activity of alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), alkaline phosphatase (ALP), gamma glutamyl transferase (GGT), 
malondialdehyde (MDA) content as well as the serum levels of creatinine, urea, glucose, total 
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cholesterol (TC) and triglycerides (TG). Also, it was observed that a significant decrease in the level 
of serum total protein (TP), albumin (Alb), reduced glutathione (GSH) and testosterone hormone 
comparing to control groups.  However, the oral administration of ozonized groups ameliorated the 
biochemical parameters compared to rats fed on contaminated grains. Moreover, histopathological 
studies of liver, kidney and testis tissues of rats fed on contaminated grains that revealed different 
lesions and changes in tissues, inversely to that improving effects in tissues of ozonized 
contaminated grains – fed rats. It was concluded that ozonization treatment were most effective in 
reduction of mold count and degradation of aflatoxins content for grains during storage. 
 

 

Keywords: Aspergillus; Aflatoxins; ozone gas; storage; wheat; corn; biochemical parameters. 
 

1. INTRODUCTION 
 
Aflatoxins are a sort of mycotoxins mainly 
produced by certain strains of Aspergillus flavus, 
which are found in agricultural crops as hazard 
contaminants. AFs can negatively affect health of 
livestock and poultry due to contaminated feeds. 
Additionally, AFs have high stability during 
cropping, storage, transporting, processing, and 
handling steps. Consequently, innovative 
evidence-based technologies are urgently 
required to minimize AFs exposure [1]. 
Thousands of mycotoxins exist, but only a few 
represent significant food safety challenges. The 
natural fungal flora associated with foods is 
dominated by three genera Aspergillus, 
Fusarium, and Penicillium may include 
commensals as well as pathogens. The chemical 
structures of mycotoxins produced by these fungi 
are very diverse, as are the characteristics of the 
mycotoxicoses they can cause. AFs may 
contaminate many crops in hot and humid 
regions of the world. Human aflatoxicoses 
continue to be an occasional, serious health 
problem. Half of the maize food samples tested 
in districts associated with this outbreak had 
Aflatoxins B1 levels >20 ppb. This outbreak had 
at least a 39% incidence of death (317 cases 
with 125 deaths) resulting from acute 
hepatotoxicity [2,3]. Aflatoxins production was 
enhanced by nutrient contents of different grains 
such as soluble sugars, amino acids and zinc [4]. 
It was illustrated AFB1 binds with steroidogenic 
acute regulatory (StAR) protein thereby affecting 
the transport of cholesterol into mitochondria 
resulting in decreased biosynthesis of 
testosterone levels [5]. Aflatoxin-contaminated 
diets caused liver and kidney injury. Moreover, 
the result indicated that most changes in plasma 
biochemical indices after treated with 0.7 and 1.4 
mg aflatoxin / kg diet [6]. Consuming diets 
contaminated with 0.05 and 0.1 mg AFB1/kg 
exhibited restrained growth performance, 
impaired reproduction and immune function but 
fed diet contaminated with 0.02 mg AFB1/kg did 
not affect reproductive parameters, but slightly 

influenced relative liver weight [7]. Ozone 
(triatomic oxygen, O3) is a high oxidising agent, 
safe and green technology which used for 
microorganisms growth inhibition and insect 
disinfestation. Ozone gas also could effectively 
degrade mycotoxins such as aflatoxins, 
cyclopiazonic acid (CPA), fumonisin B1, 
ochratoxin A (OTA), patulin, secalonic acid D 
(SAD) and zearalenone (ZEN) [8], and 
degradation products are generally harmless. For 
example, ozone would react across the 8, 9 
double bond of the furan ring of aflatoxin through 
electrophilic attack, causing the formation of 
primary ozonides followed by rearrangement into 
monozonide derivatives such as aldehydes, 
ketones and organic acids [9,10,11]. The double 
bond of the furan ring in AFB1 caused its high 
toxicity, mutagenicity, and carcinogenic [12].  
 

The structures of AFs (B1, B2) are 
difuranocoumarins composed from two furans 
and a coumarin ring (Fig. 1) according to 
McKenzie, et al. [8]. 
 

Ozone has regulatory acceptance by the Food 
and Drug Administration (USA) [13] and the 
Environmental Protection Agency’s (USA) MSDS 
defines it as “pure air”. The Occupational Safety 
& Health Administration in the United States has 
established safe ozone concentration levels in 
the work place of 0.1 ppm and for short durations 
of 0.3 ppm. Ozone is approved in the U.S. and is 
generally recognized as safe (GRAS) [14]. 
Ozonation is free of chemical residues process, 
economically applied to all types of foods, more 
effective in reducing non- and pathogenic 
microorganisms of food products without having 
an unfavorable effect on its visual, textural and 
nutritional quality and in extending its shelf life 
[15]. The liver cells were damaged and 
necrotized, moreover the renal glomerular and 
tubules were more inversely affected by 
aflatoxin. Using of ozone, either at 20 and 40 
mg/30 minutes of ozone exposure had a 
reasonable effect on reducing of aflatoxins at 
levels of 84% and 100%, respectively and 
improving in all tissue status [16].  
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Fig. 1. Mechanism for the addition of ozone to Aflatoxins (B1, B2) 
 
Thus, the objective of the present work was to 
investigate the effectiveness of ozone as 
preservatives to control the fungal pollution in the 
imported wheat and corn grains and to determine 
the effective dose that can be used as fungicide 
for wheat grains during storage. As well as 
biological and histopathological studies for the 
safety evaluation of ozonized grains on rats.   
 

2. MATERIALS AND METHODS 
   

2.1 Materials 
 
2.1.1 Grain samples 
 
Egyptian wheat grains (Sakha 93) were obtained 
from El-Gharbia governorate since 2015 and 
Raw USA imported corn grains (Zea maize) at 
Alexandria seaport. 
 
2.1.2 Fungus 
 
Aspergillus Parasiticus NRRL (3357) for wheat 
grains and Aspergillus flavus NRRL (20521) for 
corn grains were obtained from the Agricultural 
Research Service Culture Collection (Peroia, 
Illinois, USA), Natural Center for Agricultural 
Utilization Research(NCAUR).  
 
2.1.3 Media and chemicals 
 
The following solutions and media were used for 
mold enumeration and identification: Peptone 
water, Rose Bengal chloramphenicol agar 
(Biolife, Italy). The used chemicals, solvents (of 
analytical grade) were purchased from Merck 
(Darmstadt, Germany), unless stated otherwise. 

2.1.4 Aflatoxins 
 

(B1, B2, G1 and G2) were obtained from Sigma 
chemical company (St. Louis, MO USA). 
Precoated TLC plates (0.2 mm thick, 20x20 cm) 
coated with Silica gel/ 60, were obtained from 
Merck (Darmstadt, Germany). 
 

2.1.5 Preservatives 
 

Ozone gas (Concentrations 40 and 80 mg/ Kg for 
one and two hours of exposure time on ambient 
air respectively were applied to contaminated 
samples of wheat and corn grains.), Plastic bottle 
(Anti chemical reaction resistance) Size, 5.3 liter 
using Ozone equipment (Air Ozone XT-800 
Generator). 
 

2.2 Methods 
  
The test of grain quality inspection and Sampling 
were carried out according to USDA [17]. 
Infected aflatoxin wheat and corn samples were 
investigated according to USDA [18]. 
Measurement of the temperature, moisture, air 
conduction and humidity in silos under 
investigation were carried out according to USDA 
[19].  
 
Twenty kg of each wheat and corn samples were 
stored for 90 days at temperature 25ºC and 
relative humidity less than 62% according to 
methods described in [19]. At the end of storage 
period, samples were cleaned mechanically to 
remove dirt, dockage, impurities and other 
strange grains by the Carter Dockage Tester 
apparatus according to USDA [20]. Samples 
were conditioned to 16.5% moisture level for 
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24h, and then milled by Laboratory mill CD1 auto 
Chopin According to AACC [21].  
 
2.2.1 Physical properties  
 
Cleanliness, dockage, shrunken and broken, 
foreign materials, total damaged kernels and 
total defects were separated and determined 
manually (hand picking). Test weight pound per 
bushel, Test weight P/B = (Kg ⁄ Hectoliter) ÷1.278 
according to USDA [20]. A thousand kernel 
weights were determined by counting the kernels 
in a 10 g wheat sample [21]. Wet and dry gluten 
and falling number were determined according to 
A.O.A.C [22]. 
 

2.2.2 Chemical properties 
  

Moisture (MC), crude protein, ash, crude fiber 
and fat contents were determined according to 
[22,19]. The nitrogen free extract (N.F.E) was 
calculated by difference.  
 

2.2.3 Aflatoxins artificial contamination of 
grain samples 

 

One hundred twenty kilograms of wheat and corn 
samples under study were divided into 6 
subsamples and treated as follows: 
 

Twenty Kg subsample stored as negative control 
sample containing normal flora of wheat 
(uncontaminated wheat).  
 

Twenty Kg subsample artificially inoculated with 
10

3
 CFU/100 g of toxigenic Aspergillus 

Parasiticus and stored as positive control sample 
of wheat (inoculated wheat).  
 

Twenty Kg subsample artificially inoculated with 
103 CFU/100 g toxigenic Aspergillus Parasiticus 
and stored for 90 day after which mycotoxin 
content was estimated of wheat (aflatoxin 
contaminated wheat). 
 

Twenty Kg subsample stored as negative control 
sample containing normal flora of corn 
(uncontaminated corn).  
 

Twenty Kg subsample artificially inoculated with 
10

3
 CFU/100 g of toxigenic Aspergillus flavus 

NRRL (3357) and stored as positive control 
sample of corn (inoculated corn).  
 

Twenty Kg subsample artificially inoculated with 
10

3
 cfu/100 g toxigenic Aspergillus flavus and 

stored for 90 day after which mycotoxin content 
was estimated of corn (aflatoxin contaminated 
corn). 

Total fungi count & fungal identification were 
carried out using Rose Bengal chloramphenical 
agar and incubated for 5-7 days at 25ºC. Fungal 
identification was performed for isolated fungi 
[23,24]. Determination of Aflatoxins content was 
done according to the method of A.O.A.C 
[25,26]. 
 
2.2.4 Ozonization method  
 
Ozone treatment was carried out for different 
periods on the fungal count and mycotoxins 
content of wheat and corn grains before and after 
storage using ozone equipment (Air Ozone XT-
800 Generator). Ozone treatment was applied to 
subsamples of aflatoxin-contaminated wheat and 
aflatoxin-contaminated corn using ozone 
equipment (Air Ozone TX-800 Generator) with 
concentration 40 mg/ Kg/ 1 hour on ambient air 
for wheat and 80 mg/ Kg/ 2 hours on ambient air 
for corn. During which subsamples were 
withdrawn each 1 hr to estimate the fungal 
growth as affected by this treatment. After 
treatment, all subsamples (No. 1 until 6) were 
stored for 3 months through which subsamples 
were withdrawn each weekly to estimate the total 
fungal count. 
 
2.3 Biological Evaluation 
 
2.3.1 Animals and experimental design 
 
54 male albino rats (weighed 100 g)                         
were obtained from Nile Pharmaceutical co., 
Cairo, Egypt. Rats were housed under                
standard laboratory conditions of light/ dark cycle 
(12/12 h) a temperature of 25±2ºC and              
humidity of 60±5%. Adaptation of rats was done 
for one week fed on basal diet with free              
access to diet and drinking water ad libitum, and 
then they were divided into the following groups 
(six animals per group) for eight weeks:   

 
G1 (control group): basal diet; G2 (wheat group): 
30% basal diet +70% uncontaminated wheat; G3 
(wheat-ozone) 30% basal diet +70% ozone 
treated wheat; G4 (wheat-aflatoxin) 30% basal 
diet +70% aflatoxin contaminated wheat; G5 
(wheat-ozone group) 30% basal diet +70% 
ozone treated aflatoxin contaminated wheat; G6 
(corn group): 30% basal diet +70% 
uncontaminated corn; G7 (corn-ozone) 30% 
basal diet +70% ozone treated corn; G8 (corn-
aflatoxin) 30% basal diet +70% aflatoxin 
contaminated corn; G9 (corn-ozone group) 30% 
basal diet +70% ozone treated aflatoxin 
contaminated corn. The blood samples were 
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collected to obtain sera for the different 
biochemical parameters analysis. 
 

2.3.2 Biochemical parameters evaluation 
 

Determination of serum alanine 
aminotransferase (ALT), aspartate 
aminotransferase (AST), alkaline phosphatase 
(ALP), gamma glutamyl transferase (GGT), total 
protein (TP), albumin (Alb), creatinine, urea and 
glucose were measured using VITROS 350 
Reference Fluid, Micro Slide Assay (Dry 
Chemistry system), Ortho-Clinical Diagnostics, 
Inc., USA. Serum testosterone hormone was 
determined by VITROS ECiQ Immunodiagnostic 
System (Micro Wells technology), Ortho-Clinical 
Diagnostics, Rochester, NY, USA. Serum 
cholesterol and triglyceride were assessed using 
Respons 910 clinical chemistry analyzer, DiaSys 
Diagnostic Systems GmbH, Germany.  
 

2.3.3 Antioxidant status and oxidative 
parameters study  

 

Kits used for the evaluation of MDA, and GSH 
levels were purchased from Biodiagnostics, 
Egypt. 
 
2.3.4 Histopathological studies 
 
Liver, kidney and testis from each rat of all 
groups were fixed in 10% buffered formalin and 
embedded in paraffin wax. Microtome thickens 
sections of 3-4 μm were prepared according to 
the standard procedure and stained with 
haematoxylin and eosin. Sections were then 
examined for pathological findings of such as 
centrilobular necrosis, fatty and lymphocytes 
infiltration by the light microscope of Leica 
DM3000 Microsystems, CMS GmbH, Wetzlar, 
Germany [27]. 

 
2.4 Statistical Analysis 
 
Each ozonization trial was performed with three 
replicates for one type of kernels, which a one-
way analysis of variance (ANOVA) was used to 
test differences before and after ozonization and 
mold count (lowercase letters) by SPSS version 
11.5 (SPSS, Chicago, IL, USA) to analyze the 
data. The level of significance (P < 0.05) 
between treated and non-treated samples was 
determined with Tukey’s HSD range test. A two-
way ANOVA was performed to test Comparison  
of means (uppercase letters) for physical and 
chemical analysis on all data for two kernel types 
with and without ozonization or the comparisons 
between aflatoxins type mold in Tables 1, 2 and 

3 using Duncan’s test [28].  All p-values < 0.05 
were considered significant (n = 3) all are on a 
dry weight basis. Computer Duncan test program 
was employed to biochemical analysis results 
according to method of Snedecor and Cochran 
[29] using the least significant difference test 
(LSD) at the 5% level of probability and the 
results was introduced in form of mean ± SE.  
 

3. RESULTS AND DISCUSSION 
  

3.1 Physical and Chemical Properties of 
Wheat and Corn Kernels before and 
after Ozonization 

 

Chemical composition of wheat and corn used in 
the study before and after ozonization are given 
in Table 1, which the moisture content was 
slightly higher in corn (12.8%) than wheat 
(11.2%) studied samples. The protein 
percentage of wheat was higher content 
(14.70%) than corn (6.90%). The results showed 
that highest fat content was in corn (4.0%) 
comparing to wheat (1.7%) samples. The Ash 
percentage was quite close to each other of all 
grains. Nitrogen free extracts (NFE%) ranged 
from 67.42% (wheat) to 72.30% (corn). There 
were slightly significant changes of some 
properties for all samples after exposure to 
ozone treatment.  
 
It was observed that slightly increasing the 
hardness percentage might due to that reduction 
in MC after exposure to ozone. The ozone 
oxidation (2.5 g m−3 ozone concentration for 8 h) 
treatment of stored wheat grains diminished the 
surface moisture from 12% to 10.1% (w/w) and 
protein content of the ozone-treated wheat 
compared to contaminated wheat [30]. Results in 
Table 2 shows that 1000 kernels wheat ranged 
from 32.7 g (wheat) to 314.5 g (corn). 
Additionally, it showed that wet, dry gluten, 
hydration ratio and gluten index for wheat were 
(32.7%), (9.9%), (228.0%) and (53.0%), 
respectively. All baking quality included (Hagberg 
falling number, wet and dry gluten content) were 
significantly improved under ozone exposure. 
Exposing gluten proteins of wheat kernels to 
ozone gas for a short period of time (30 min) 
could ameliorated its physical, chemical 
properties and rheology properties (SH group, 
secondary structure) by oxidizing sulfhydryl 
groups of cysteine to disulfide bonds 
(polymerization) which improve the protein 
quality but overexposure to ozone caused partial 
depolymerization of high to low -molecular-
weight proteins [31]. 
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Ozonation (50 ppm ozone for 30 d) of wheat and 
corn didn’t affect on amino acid contents nor the 
nutritional value of the flour and the starch 
content [32]. Ozone treatment didn’t cause 
physical and biochemical changes in wheat 
kernels, Ozone reacts with the chemical 
constituents present in the grain’s outer layer 
(seed coat) [33]. Prolonged high-concentration 
ozone exposure led to the degradation of the 
gluten structure through oxidation, which might 
explain the lower protein content in treated wheat 
grain. Fat, fiber, ash and carbohydrate content 
were found to non-significantly (P > 0.05) differ 
from that in untreated wheat [30]. Ozone 
exposure (10 to 60 mg/L, from 2–5 h) to a wheat 
grain mass from 2 to 5 kg can be applied without 
negatively changing in the quality of the grains 
which all characteristics of chemical and physical 
remained similar (p > 0.05) to control samples 
[34]. Falling number in second of corn was higher 
(710) than in wheat (573) kernels which means 
the lowest enzyme activity, the results showed 
slightly increasing after ozonization treatment. 
Falling number used to determine α-amylase 
activity to evaluate the grain quality. Economic 
European community recommended that the 
falling number of flour should exceed than 230 
sec [35]. Ozone decrease α-amylase activity 
(treatment for 1.0 h) showed positive effects on 
quality scores by significantly increase in falling 
number, wet gluten content, flour whiteness, and 
carboxyl contents of wheat flour and improve the 
quality [36]. Higher falling number means lower 
α-amylase activity (the falling number rose from 
250 in the control to 400 in 0 -2.0 sec.) in wheat 
flour samples. Excess α-amylase activity can 
impair wheat flour quality as enzymatic 
hydrolysis of starch in food production. Damaged 
starch is more sensitive to α-amylase and its 
content increased with treatment time, which is 
more likely to lead to hydrolyzation of the wheat 
flour by α- amylase to polysaccharides, maltose, 
glucose, etc. by α-amylase and resulted in a 

decrease in the viscosity of wheat dough during 
mixing. Ozone treatment (oxidation) can 
decrease α-amylase activity (increasing of the 
falling number of wheat flour) as well as, wet 
gluten content, flour whiteness, falling number 
and carboxyl contents of wheat flour increased 
significantly which improved steamed bread 
properties [36]. Thence, the differences in grain 
types may be partially attributed due to different 
growing and environmental conditions 
accompanied during growing periods [37]. It was 
found that corn had highest flour yield (100%), 
while wheat had lowest flour yield (55.8%) 
respectively. Also, it was concluded that wheat 
has a good characteristic to bread production 
according to the result of wheat flour protein 
content was 13.40% included wet, dry gluten and 
water binding which were 28.07, 9.7 and 19%, 
respectively. Moreover, corn flour had the 
highest value of falling number and wheat flour 
had lower values [38,39,40]. Protein content not 
less than 10.2% Ash content not exceed than 
0.9% and the falling number showed exceed 
than 200 [41,42]. It was recommended that 
protein content of durum wheat not less than 
10.5% and ash content not exceed than 1.3% 
[41]. There was no significant change in the 
solubility of oxidized corn starch by dry oxidation 
process using O3 oxidation could be due to the 
presence of natural pores in starch granules that 
allows ozone gas to diffuse into the granule 
which causing an oxidation of hydroxyl groups (-
OH) of starch by O3 were converted to carbonyl 
and carboxyl groups in glucose molecule (α- 
(1,4)-glucosidic bonds cleavage) that cause the 
molecular depolymerization of starch. Increasing 
carboxyl content (hydrophilic group) can improve 
starch-swelling potential and affect starch 
gelatinization properties. Also, Both carboxyl and 
carbonyl contents varied significantly according 
to starch type and O3 concentration (carbonyl 
groups were more than carboxyl groups in the 
corn starch granules) [43]. 

 

Table 1. Proximate analysis of ozonized - contaminated wheat and corn 
 

Analysis Wheat kernels Corn kernels 
before after before after 

M.C% 
Protein% 
Fat % 
Ash% 
Fiber% 
NFE% 
Total caloric values% 

11.20bB 
14.70

aA
 

1.70
bC

 
1.44aA 
3.54

aA
 

67.42cC 
343.78

cB
 

10.50cB 
14.68

aA
 

1.72
bC

 
1.45aA 
3.50

aA
 

68.15bB 
346.80

bB
 

12.80aA 
6.90

cB
 

4.00
aA

 
1.00aB 

3.00
aB

 
72.30bA 
352.80

bA
 

12.10bA 
6.89

cB
 

4.10
aA

 
1.02aB 
2.90

aB
 

72.99aB 
356.42

aA 
 

Means with the same letter in the same row are not significantly different at (P ≤ 0.05). 
Different lowercase (one-way ANOVA) and uppercase (two-way ANOVA) letters denote significant differences 

between treatments at the 5% level 



 
 
 
 

El-Sisy et al.; ARRB, 34(3): 1-18, 2019; Article no.ARRB.54014 
 
 

 
7 
 

Table 2. Physical properties of ozonized - contaminated wheat and corn kernels 
 

Analyses Wheat kernels Corn kernels 
Before After Before After 

Weigh g /1000 kernels  
Hardness% 
Color 
Wet gluten % 
Dry gluten % 
Hydration ratio 
Gluten index % 
Falling Number in Sec. 

32.7cC 
63.0cB 
White 
32.7b 
9.9

a
 

228.0b 
53.0

a
 

573.0
cB

 

32.6cC 
63.7bB 
White 
33.0a 
10.0

a
 

230.0a 
52.0

b
 

574.0
bB

 

314.5aA 
68.0aA 
Yellow 
- 
- 
- 
- 
710.0

bA
 

314.4aA 
69.0bA 

Yellow 
- 
- 
- 
- 
711.0

aA
 

Means with the same letter in the same row are not significantly different at (P ≤ 0.05). 
Different lowercase (one-way ANOVA) and uppercase (two-way ANOVA) letters denote significant differences 

between treatments at the 5% level 

 

3.2 Effect of Ozone Gas Treatment for 
Contaminated Corn and Wheat Grains 
on Aflatoxins Concentration and Mold 
Count 

 

The ozone layer in the stratosphere absorbs 80 - 
100% UV (A, B, and C) radiation from sunlight to 
protect the earth from the UV radiation harmful 
[44]. Table 3 shows six samples of the two 
different AFs – contaminated grains (wheat and 
corn), which stored at 25ºC for 90 days. 
Environmental moisture content surrounded the 
samples were modified 18% and stored, also 
mold count were 3.5 and 2.4 log CFU/g at the 
beginning for control of natural flora sample of 
corn and wheat, respectively. While the 
contaminated samples of corn and wheat were 
4.9 and 4.2 log CFU/g independently which 
infected by 103 CFU/100 g Aspergillus species 
then the count increased after 90 days at 25ºC to 
6.8 and 5.6 log CFU/g, respectively. Ozone 

treatment caused a significant reduction in mold 
count (less than 1 log CFU/g) for both corn (after 
2 hr) and wheat (after 1 hr). Total AFs 
concentration ranged from 30.0 to 43.0 ppb for 
wheat and corn kernels, which increased to 
139.0 and 90.0 ppb in corn and wheat, 
respectively after contamination.  Ozonization 
reduced significantly the concentration of total 
AFs less than 0.5 ppb for both corn (after 2 hr) 
and   wheat (after 1 hr). Ozone is a strong 
oxidizer as an electrophilic attack against 
unsaturated compounds for mycotoxin 
degradation and antimicrobial activity 
mechanisms. Ozone may cause bacterial cell 
leakage (gram-negative bacteria), change in the 
cell permeability by the lysis of the double bonds 
(such as C=C, C=N and N=N bonds) of 
unsaturated lipids in cell wall of bacteria or 
lipoprotein and lipopolysaccharide layers. AFG1 

and AFB1 were the most influenced by O3 

process due to the presence of double bonds in 
their molecules (C8–C9) leading to their 
breakdown into lower molecular weight products 
such as organic acids, aldehydes, and ketones 
[45,46]. It was found that ozone-treatment could 
significantly reduce the level of viable 
microorganisms on the surface of corn kernels. 
The mechanisms of ozone to inhibit microbial 
populations in food occur via the progressive 
oxidation of vital cellular components [47]. Ozone 
oxidizes polyunsaturated fatty acids or sulfhydryl 
group and amino acids of enzymes, peptides, 
and proteins to shorter molecular fragments. The 
ozone half-life about (20-50 min), decomposition 
products no have any hazards for treated 
samples [1]. Ozone gas (powerful antimicrobial 
agent) was effective against fungal growth and 
caused toxins degradation. It showed that A. 
flavus growth was significantly reduced (8.5x10

1 

and 5.35x101 CFU/g) after 30 min at O3 
concentrations of 40 and 60 μmol/mol, 
respectively. Also, wheat grains had their initial 
fungi load of 4.9×105 CFU/g reduced in 96.9% at 
gas application of 0.33 mg/g/min during 5 min. 
[33]. The safe limits of AFs for human 
consumption are 4-30 μg/kg. 

 
The EU has set the strictest standards for direct 
human consumption for products with a 
concentration of AFB1 and total AFs have to less 
than 2 μg/kg and 4 μg/kg, respectively [48,49]. 
Remediation of mycotoxins contamination using 
60 mg/L of O3 for 300 min, with 2 kg samples, it 
was shown the large fungal count reduction 
obtained of approximately 3.0 cycles log CFU/g 
of wheat grains [50]. AFB1 and AFG1 were more 
sensitive to ozone exposure than AFB2. After 60 
min of 75 mg L

−1
 ozone treatment for 

contaminated corn flour, the contents of AFB1 
and total AFs decreased from 53.60 and 68.10 
μg kg−1 to 11.38 and 15.46 μg kg−1, respectively,
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Table 3. Effect of ozone gas treatment for contaminated corn and wheat grains on aflatoxins concentration and mold count after 90 days storage 
at 25ºC 

 
Grains samples Ozone treatment (mg/Kg) Aflatoxins (ppb) conc. After 90 days Mold count log (CFU /g dry wt.) 

40 80 B1 B2 G1 G2 Total Storage days After O3 treatment 
0 90 

Control of natural flora of corn # # 19.0
dA

 10.0
cB

 5.0
bC

 9.0
bB

 43.0
d
 3.5

b
 4.0

c
 # 

Control of contaminated corn # # 89.0aA 25.0aB 15.0aC 10.0aD 139.0a 4.9a 6.8a # 
Control of natural flora of wheat # # 15.0

dA
 4.0

cC
 6.0

bC
 5.0

cC
 30.0

d
 2.4

d
 3.2

c
 # 

Control of contaminated wheat # # 70.4bA 8.6bC 2.0cC 9.0bC 90.0b 4.2c 5.6b # 
Ozonized contaminated corn # 1 hr. 59.0

cA
 1.7

dD
 * 1.0

dD
 61.7

c
 # # 3.1

 a
 

# 2 hr. * * * * * <1.0
b
 

Ozonized contaminated wheat 1 hr. # * * * * * # # <1.0b 
Means with the same letter in the same column are not significantly different at (P ≤ 0.05); * = Under detection limit (0.5ppb)  # = Not determined; (-) Not detected. Different 

lowercase (one-way ANOVA) and uppercase (two-way ANOVA) letters denote significant differences between treatments at the 5% level
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being lower than the maximum of limits (20 μg 
kg

−1
) [51]. It was indicated that more polar or 

water-soluble compounds formed from the 
degradation of ozone to aflatoxin B1 [52]. The 
mechanisms of ozone to inhibit microbial 
populations in food occur via the progressive 
oxidation of vital cellular components. Ozone 
oxidizes polyunsaturated fatty acids or sulfhydryl 
group and amino acids of enzymes, peptides, 
and proteins to shorter molecular fragments. In 
addition, ozone degrades the cell wall envelope 
of unsaturated lipids resulting in cell disruption 
and subsequent leakage of cellular contents [53]. 
Concentration of AFB1 production by A. flavus 
after ozonation for wheat grains at 40 ppm ozone 
gas were 83.21±0.005, 66.71±66.71, and 47.28± 
0.032 and 42.38±0.088 μg/100 ml for 5, 10, 15 
and 20 min respectively but in media untreated 
was 185.6 μg/100 ml [54]. It was concluded that 
a 0.5 to ~1 log mold reduction on maize kernels 
was attained for ozone concentrations between 
37 and 1752 ppm [55]. The ozonation process 
reduced both the total fungal count and the rate 
of incidence of Aspergillus spp in maize grains 
exposed to ozone gas at a concentration of 2.14 

mg L-1 for a 50 h period [56]. The maximum 
reduction of fungal count was 92.86%, with 
reduction from 1.87 cfu/g to 0.13 cfu/g, when the 
wheat seeds was treated with ozone for 45 min 
and dried with air temperature at 50ºC with 
improving the physiological quality of wheat 
seeds [57]. 
 

3.3 Biochemical Parameters Evaluation 
 
The results of the study indicated that AFB1 
(produced by Aspergillus Flavus and Aspergillus 
Parasiticus) induced severe toxicity on serum 
biochemical parameters tested. The serum ALT, 
AST, ALP and GGT activities, as well as TP and 
Alb levels of male albino rats for different groups 
are shown in Fig. 2. The highest activity of liver 
enzymes (p < 0.05) were indicated in AFs- 
contaminated groups compered to control 
groups. There were high significance 
ameliorations in the liver enzymes activity and 
the concentration of TP and Alb after ozonization 
treatment groups compered to AFB1 
contaminated groups. 

  

 
 

 
 

Fig. 2. Serum ALT, AST, ALP and GGT liver enzymes activity – serum TP and ALB levels of 
AFB1 contaminated and ozonized groups
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Animals fed AFB1- contaminated wheat (2.5 
mg/kg diet) for 4 weeks showed a significant 
increase in ALT, AST and ALP compared to the 
control group. After, ozone gas treatment at 20 
and 40 ppm can be used as one of the most 
effective and safe methods to removal of AFB1 
without secondary compounds [58]. The AFB1-
contaminated corn may lead to significant 
changes in various physiological characteristics 
and biochemical indexes in liver (TP, ALB, 
globulin (GLB) contents, ALT, AST and ALP 
activities) significantly increased (p < 0.05) but 
ozone treatment of ACC could significantly 
reduce these changes [59]. As shown in Fig. 3, 
the serum urea and creatinine levels were high in 
AFB1- contaminated groups for wheat and corn 
compered to control groups. There were 
significance ameliorations in ozonized – 
contaminated groups in accordance with [60] 
who reported that high amount of aflatoxin 
exposure may cause the chronic kidney disease, 
supporting the neprotoxicitity of aflatoxin in early 
stage. Therefore, the association between serum 
creatinine elevation and aflatoxin adduct level 
showed an impact of aflatoxin to kidney 
functions. 
 
The effect of ozone treatment for AFB1- 
contaminated wheat and corn fed rats on the 
concentrations of serum glucose, TC, TG and 
testosterone hormone was shown in (Fig. 4). It 
was illustrated that the AFB1 infection grains – 
fed rats caused increasing significantly in serum 
glucose, TC and TG but decreasing in 
testosterone hormone concentrations. The 
ozonized contaminated groups were significant 
improved comparing to AFB1 contaminated 
groups in those mentioned parameters may due 
to degradation for aflatoxins by O3 and inhibition 
for adverse effects of toxins. A significant 
increase was observed in plasma glucose, 
triglyceride and cholesterol levels of fishes fed 
aflatoxins may due to disturbance in the 
carbohydrates’ metabolism (energy sources) by 
decreasing in the activity of G6PD and glycogen 
stores in the liver against aflatoxin toxicity effects 
leads to an increase in plasma glucose. 

 
As well as, disturbance of lipoprotein 
biosynthesis by degradation of fat stores in 
tissues to deal with aflatoxin toxicity to provide 
energy and anorexia after damage to the 
nervous system justifies high triglyceride and 
cholesterol levels in plasma of fish [6]. It was 
illustrated AFB1 binds with steroidogenic acute 
regulatory (StAR) protein thereby affecting the 
transport of cytosolic cholesterol into 

mitochondria (to convert into testosterone) 
resulting in reduction steroidogenesis then 
decreasing in testicular steroidogenic enzymes 
and serum testosterone levels in AFB1-treated 
rats comparing to controls. Human and animals 
are continuously exposed to aflatoxins (AFB1 is a 
potent endocrine disruptor in vivo) and thus may 
cause reproductive disorders [5]. Data in Fig. 5 
elucidated that MDA level significantly increased 
in AFB1 – contaminated groups comparing to 
control groups. Ozonized contaminated groups 
significantly recovered the MDA elevation (p < 
0.05) compared to contaminated groups. 
Meanwhile, significant reduction of GSH levels (p 
< 0.05) in AFB1 – contaminated groups 
compared to control groups. Ozonized 
contaminated groups significantly ameliorated 
that reduction of GSH levels comparing to 
contaminated groups. The GSH, a key 
antioxidant, is an important constituent of 
intracellular protective mechanisms against 
various noxious stimuli, including oxidative stress 
as a result of aflatoxin toxicity. GSH depletion in 
hepatocytes mitochondria indicated to liver injury. 
The higher GSH levels help to lower AFB1 toxicity 
by conjugation (detoxification) with the toxin [58]. 
 
It was suggested that aflatoxins caused 
disturbance between antioxidants defense and 
free radicals attack evidenced by stimulation of 
lipid peroxidation (MDA) and depleting of GSH 
[61]. 
 

3.4 Histopathological Examination of 
Livers, Kidneys and Testis 

 
3.4.1 Liver 
 

Microscopically, liver of rats from G1, G2, G3, G6 
and G7 (normal control, wheat control, ozonized 
normal wheat, corn control and ozonized normal 
corn) revealed the normal histological structure 
of hepatic lobule (Figs. 6 & 7). In contrary, liver of 
rats from G4 (rats fed contaminated wheat) and 
G8 (rats fed contaminated corn) revealed focal 
necrosis of hepatocytes associated with 
inflammatory cells infiltration and portal infiltration 
with inflammatory cells (Figs. 8 & 9), sinusoidal 
leucocytosis (Fig. 9). However, liver of rats from 
G 5 and G9 (rats fed ozonized contaminated 
wheat and corn) revealed no changes except 
slight Kupffer cells activation (Figs. 10 & 11) and 
slight vacuolation of hepatocytes (Fig. 11). Liver 
of AFB1-contaminant group (2.5 mg/kg feed) 
showed enlarged portal area and dilated thick 
wall portal vein and accumulation of cellular 
infiltration and fibrous tissues around proliferated  
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Fig. 3. Serum urea and creatinine levels of AFB1- contaminated and ozonized groups 
 

 
 

Fig. 4. Serum glucose, TC, TG and testosterone hormone concentrations of AFB1- 
contaminated and ozonized groups 

 

 
 

Fig. 5. Serum MDA and GSH levels of AFB1 contaminated and ozonized groups 
 

bile ducts thick, but rats fed AFB1-contaminated 
diet after ozonation at 20 and / or 40 ppm ozone 
gas showed the area around the central vein is 
nearly normal and nearly normal hepatocytes 

[58]. It was proved that AFs disrupt liver functions 
and resulted in releasing of liver enzymes to 
serum as a consequence of hepatocellular 
damage (aflatoxicosis). 
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Fig. 6. Liver of rat from G1, G2 and G6 
showing the normal histological structure of 

hepatic lobule (H & E X 400) 

 

Fig. 7. Liver of rat from G3 and G7 showing 
the normal histological structure of hepatic 

lobule (H & E X 400) 
 

 
 

 

Fig. 8. Liver of rat from G4 showing focal 
necrosis of hepatocytes associated with 
inflammatory cells infiltration and portal 

infiltration with inflammatory cells (H&EX 400)      
 

Fig. 9. Liver of rat from G8 showing focal 
necrosis of hepatocytes associated with 

inflammatory cells infiltration and sinusoidal 
leucocytosis (H & E X 400)                            

 

  
 

Fig. 10. Liver of rat from G5 showing Kupffer 
cells activation (H & E X 400)   

 

Fig. 11. Liver of rat from G9 showing Kupffer 
cells activation and slight vacuolation of 

hepatocytes (H & E X 400)       

 
The liver is responsible for detoxification of AFs 
through cytochrome P450 to form reactive 
intermediate (AFs epoxide formed), which cause 
cellular injury [61]. The quail exposed to aflatoxin 
showed liver injuries, characterized by moderate 
to severe hepatocellular degeneration and 
necrosis. Moreover, inflammatory cell infiltration, 
congestion and blood vessels dilatation were 
found but that all changes decreased after 
ozonization [62]. Liver tissues from the rats fed 
AFB1 contaminated corn exhibited dysplasia, 
obvious fat vacuoles in the hepatic cell 

cytoplasm, and an obvious nucleolus; as well as, 
parts with hypochromatosis, hepatic nuclei 
swollen, cytoplasm loosened, exhibited light 
staining and apoptosis were observed compered 
to control and ozonized contamineted corn 
groups [59]. 
 
3.4.2 Kidney 
 

Microscopically, kidneys of rats from G1, G2, G3, 
G6 and G7 (normal control, wheat control, 
ozonized normal wheat, corn control and 
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ozonized normal corn) revealed the normal 
histological structure of renal parenchyma (Figs. 
12 & 13) and no histopathological changes of 
structure (Fig. 13). On the other hand, Kidney of 
rats from G4 (rats fed contaminated wheat) 
showed vacuolation of epithelial lining renal 
tubules, congestion of glomerular tufts, 
proteinaceous material in the lumen of renal 
tubules (Fig. 14). Some examined sections from 
G8 (rats fed contaminated corn) revealed 
congestion of renal blood vessel and focal 
inflammatory cells infiltration (Fig.                              
15). Meanwhile, kidneys of rats from G5 (rats   
fed ozonized contaminated wheat) showed 
apparent normal histopathological structure           
(Fig. 16). Most examined sections from               
G9 (rats fed ozonized contaminated corn) 
revealed slight congestion of glomerular tuft  
(Fig. 17).  
 
Rats fed AFB1 free diet after ozonation (for 
wheat) did not show any significant effects 
however, the ozonized AFB1-contaminated 
wheat showed a significant improvement in the 
serum biochemical parameters tested and 
histological examination in liver and kidney 
tissues could be due to the degradation of AFB1 
by ozonation [58]. In kidney tissue from the CC 
group, swollen of renal tubular epithelial cells, 
kidney tubule lumen were smaller and irregular in 
structure, and cytoplasm loosened and stained 
light in color with numerous vacuoles compared 
to control or treatment groups. After ozonization 
of contaminated corn, no significant pathological 
changes were found in liver and kidney tissues, 
indicating that ozone could effectively decrease 
mice liver and kidney damage from AFB1 and 
significantly inhibit its toxicity [59]. Kidney tissue 
of high AFB1 group revealed more sever lesions, 
hypertrophy, cystic dilatation of renal tubules, 
focal tubular necrosis associated with 
inflammatory cells infiltration and congestion of 
glomerular tuft, as well as renal blood vessel 
[61]. 

3.4.3 Testis 
 

Microscopically, testes of rats from G1, G2, G3, 
G6 and G7 (normal control, wheat control, 
ozonized normal wheat, corn control and 
ozonized normal corn) showed the normal 
histological structure of seminiferous tubule with 
normal spermatogoneal cells and complete 
spermatogenesis (Figs. 18 and 19).  

 
In contrary, examined sections from G4 (rats fed 
contaminated wheat) showed degeneration of 
spermatogoneal cells lining seminiferous tubules 
with incomplete spermatogenesis and congestion 
of interstitial blood vessel (Fig. 20) and 
congestion of interstitial blood vessels (Fig. 21) in 
G8 (rats fed contaminated corn). However, most 
examined sections from G5 (rats fed ozonized 
contaminated wheat) revealed no 
histopathological changes and (Fig. 22). 
Meanwhile, few sections from G9 (rats fed 
ozonized contaminated corn) showed slight 
degeneration of spermatogoneal cells lining 
some seminiferous tubules (Fig. 23). Our findings 
were supported by Eshak, et al. [62] who found 
that degeneration of the germinal epithelium, 
rupture in the spermatogenic layer, reduction of 
sominferous tubules diameter and decrease of 
spermatogenic cells layer thickness were 
reported in testis tissues for rats fed 1mg/Kg diet 
AFB1- contaminated diet but after treatment by 
ozone for long duration had amelioration in 
genetic and histopatholgocial changes. The 
severity of degenerative changes induced by AFs 
in testes was dose- dependent such as 
congestion of blood vessels, interstitial edema 
and degeneration of spermatogoneal cells lining 
seminiferous tubules [61]. The current study 
indicated that AFB1- contaminated diet might 
lead to significant changes in various 
biochemical parameters and histopathological 
tissues in liver, kidney and testes. After ozone 
treatment of contaminated grains could 
significantly reduce these changes.  

 

  
 

Fig. 12. Kidney of rats from G1, G2 and G6 
showing the normal histological structure of 

renal parenchyma (H & E X 400) 

Fig. 13. Kidney of rats from G3 and G7 
showing no histopathological changes of 
renal parenchyma structure (H & E X 400)                      
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Fig. 14. Kidney of rats from G4 showing 
vacuolation of epithelial lining renal tubules, 

congestion of glomerular tufts and proteinaceous 
material in the lumen of renal tubules (H & E X 

400) 
 

Fig. 15. Kidney of rats from G8 showing 
congestion of renal blood vessel and 

focal inflammatory cells infiltration (H & 
E X 400) 

 

  
 

Fig. 16. Kidney of rats from G5 showing apparent 
normal histopathological structure (H&EX400) 

 

Fig. 17. Kidney of rats from G9 showing 
slight congestion of glomerular tuft (H & 

E X 400) 
 

  
 

Fig. 18. Testis of rat from G1, G2 and G6 showing 
the normal histological structure of seminiferous 

tubule with normal spermatogoneal cells and 
complete spermatogenesis (H&EX400) 

 

Fig. 19. Testis of rat from G3 and G7 
showing no histopathological changes 

and complete spermatogenesis with 
sperm production (H&E X 400) 

 

  
 

Fig. 20. Testis of rat from G4 showing 
degeneration of spermatogoneal cells lining 

seminiferous tubules with incomplete 
spermatogenesis and congestion of interstitial 

blood vessel (H &E X 400) 

Fig. 21. Testis of rat from G8 showing 
degeneration of spermatogoneal cells 

lining seminiferous tubules with 
incomplete spermatogenesis and 
interstitial oedema (H & E X 400) 
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Fig. 22. Testis of rat from G5 showing no 
histopathological changes (H&EX400) 

 

Fig. 23. Testis of rat from G9 showing slight 
degeneration of spermatogoneal cells lining 

some seminiferous tubules (H & E X 400) 
 

4. CONCLUSION 
 
It can be concluded that ozone treatment was 
considered as an oxidizing agent for 1 hour in 
wheat and 2 hours in corn grains were effective 
durations to reduce total mold count and 
bioavailability inhibition of aflatoxins (AFB1) 
without any toxic secondary compounds 
production. The improvement of biochemical and 
histopathological indices were shown in ozonized 
AFB1- contaminated groups. Therefore, it could 
have significant economic benefits and safe grain 
storage subsequently decreases health hazards 
in human being and animal feed. 
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