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in maize grains. The results showed that 69 and 61% 
samples were positive for AFs and OTA, respec-
tively and 54 and 22% of the respective samples had 
AFs and OTA above the permissible limits set by 
Pakistan Standards and Quality Control Authority. 
The concentration of AFs, AFB1and OTA in grains 
ranged from 14.5 to 92.4, 1.02 to 2.46 and 1.41 to 
53.9 μg kg−1, respectively. Among the varieties, Pearl 
had the highest level of total AFs and OTA, whereas 
YH-5427 had the highest AFB1 level. The lowest 
concentration of AFs and OTA was found in Malaka 
and 30Y87, respectively. The use of 15 kGy gamma 
irradiation for 24 h, sunlight-drying for 20 h and UV 
irradiation for 12  h almost completely degraded the 
mycotoxins. The microwave heating for 120 s resulted 
in 9–33% degradation of mycotoxins. Moreover, the 
treatment of grains’ extract with activated charcoal 
(5% w/w) removed > 96% of total AFs and AFB1, 
and up to 43% of OTA. The use of bentonite at the 
same rate removed OTA, total AFs and AFB1 by 93, 
73 and 92%, respectively. Thus, it is concluded that 
contamination of maize grains with mycotoxins was 
fairly high in the collected maize grain samples in 
Pakistan, and treatment with radiations and adsor-
bents can effectively reduce mycotoxins contamina-
tion level in maize grains.
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Abstract  The contamination of food commodities 
with  mycotoxins  could be a serious health threat to 
humans and animals. Therefore, identification, quan-
tification and reduction of mycotoxins in food com-
modities, particularly of aflatoxins (AFs) and ochra-
toxin A (OTA) in grain foods, is essentially required 
to guarantee safe food. This study determined the 
levels of AFs and OTA in 135 maize grains samples 
belonging to eight salient maize varieties cultivated in 
Pakistan, and evaluated the usefulness of radiations 
and adsorbents to reduce their levels. High perfor-
mance liquid chromatography (HPLC)-based method 
was validated for the determination of AFs and OTA 
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Abbreviations 
AFs	� Aflatoxins
AFB1	� Aflatoxin B1
AFB2	� Aflatoxin B2
AFG1	� Aflatoxin G1
AFG2	� Aflatoxin G1
ANOVA	� Analysis of variance
LSD	� least significance difference
OTA	� Ochratoxin-A
FDA	� Food and drug administration
PSQCA	� Standards and quality control authority
HPLC	� High performance liquid chromatography
TFA	� trifluoroacetic acid
LOD	� limit of detections
LOQ	� limit of quantifications

Introduction

Pakistan is among many countries with a climate of 
high temperatures and humidity. These conditions 
favor the growth of mycotoxigenic molds and the 
production of mycotoxins in food. Molds can con-
taminate food grains with mycotoxins at pre- and 
post-harvest stages and subsequently under poor stor-
age conditions. Among the molds, the filamentous 
fungi are considered responsible for the occurrence of 
mycotoxins which are naturally occurring secondary 
metabolites (Hassan et  al., 2020; Iqbal et  al., 2016). 
About 500 mycotoxins have been identified in food 
commodities, of which a few are seriously hazard-
ous to humans and livestock (Awuchi et  al., 2021). 
Among the most common mycotoxins present in food 
commodities are aflatoxins (AFs) and ochratoxin 
A (OTA), which are  mainly produced by Aspergil-
lus flavus and Aspergillus parasiticus, respectively 
(Novas & Cabral, 2002). The aflatoxin B1 (AFB2), 
aflatoxin B2 (AFB2), aflatoxin G2 (AFG1), and afla-
toxin G2 (AFG2) are the four most important types of 
naturally produced AFs in several crops, foods, feeds, 
and agricultural products (Ashiq, 2015; De Ruyck 
et al., 2015; Hassan et al., 2020). AFs are classified as 
group 1 carcinogens by the International Agency for 
Research on Cancer (IARC). Moreover, AFs are tera-
togenic, immunosuppressant and genotoxic (IARC, 
1993). The other important mycotoxin is OTA that 
is produced in cereals by the species of Aspergillus 
and Penicillium. OTA has been reported as genotoxic, 
mutagenic, cytotoxic, immunotoxin, teratogenic, and 

carcinogens (Calado et al., 2018). Therefore, control 
of mycotoxigenic molds and their mycotoxins in food 
commodities is of utmost importance: contamination 
levels must be in the limits of the national and inter-
national public health authorities.

The high temperature and humid conditions are 
the main environmental factors accelerating fungal 
infection and mycotoxin production (Nesic et  al., 
2015). The tropical environment of the subconti-
nent facilitates higher production of AFs and OTA. 
The rest of mycotoxins such as zearalenone, deox-
ynivalenol, and T-2 toxins are mostly produced in 
the temperate regions of the world (Mgbeahuruike 
et al., 2018). The optimum temperature and relative 
humidity for the occurrence of AFs are 33  °C and 
0.99, and for OTA are 25–30  °C and 0.98, respec-
tively (Milani, 2013). In Pakistan, high temperature, 
air moisture content and abrupt changes in weather 
provide a conducive environment for the spread 
of molds in food crops and their derived prod-
ucts (Iqbal et  al., 2016). AFs and OTA have been 
detected in different cereals of the country includ-
ing maize (Hassan et  al., 2020; Iqbal et  al., 2014; 
Majeed et al., 2013). Maize, which is the 3rd impor-
tant cereal and 4th largest crop in Pakistan, get con-
taminated with mycotoxins at pre-harvest and post-
harvest stages (Iqbal et al., 2016; Shah et al., 2010). 
The maximum permissible levels for total AFs, 
AFB1 and OTA set by Pakistan Standards and Qual-
ity Control Authority (PSQCA) and Food and Drug 
Administration (FDA) are 20, 10 and 20  µg  kg−1, 
respectively (Alexander et  al., 2006; Hassan et  al., 
2020; Makun et  al., 2013). However, information 
regarding total AFs, AFB1 and OTA contents in 
grains of popular maize varieties at the time of har-
vest is lacking.

To reduce mycotoxin production and avoid the 
resulting adverse effect, several types of manage-
ment measures, such as good agricultural practices, 
ideal storage conditions and the establishment of 
legislative limits in cereal grains and feed, have been 
evaluated (Streit et al., 2012). Different chemical and 
physical approaches have been employed to reduce 
levels of mycotoxins in food commodities world-
wide (Sarrocco & Vannacci, 2018; Tsitsigiannis 
et  al., 2012). However, chemical treatment of food 
commodities for mycotoxin removal has low decon-
tamination efficiency (Maxwell et  al., 2006). Also 
does not have a good repute among the scientific 
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community and traders due to the residual effects 
of the used chemicals including chlorine, hydrogen 
peroxide, ozone, and bisulfite. In spite of the sub-
stantial efforts, complete avoidance of mycotoxin 
contamination in agricultural commodities has been 
found impossible. Thus, it is necessary to develop 
some practicable and effective decontamination 
techniques. In this regard, employment of physical 
methods is thought to be the most efficient post-
harvest technique to reduce the mycotoxins in food 
during storage (Karlovsky et  al., 2016). One of the 
most widely used physical practices for mycotoxins 
reduction is food irradiation (Calado et al., 2014; Di 
Stefano et al., 2014; Domijan et al., 2019). Irradia-
tion is a safe and effective alternative to chemical 
treatments for the decontamination of microorgan-
isms and reduction of mycotoxin levels in food and 
feed (Sebaei et al., 2020). Food irradiation technol-
ogy is approved and endorsed as a secure and effi-
cient procedure for food processing by World Health 
Organization (WHO, 1999). Also several adsorbents 
are used for the reduction of mycotoxins in food 
commodities (Gan et al., 2019).

Keep in view the above discussion, the current 
study was planned to determine the levels of AFs and 
OTA in grains of maize different varieties cultivated 
in Pakistan, and to evaluate the usefulness of irradia-
tion technique and adsorbents to reduce the level of 
these mycotoxins in maize grains. We hypothesized 
that maize grains are significantly contaminated with 
AFs and OTA, and that application of radiation tech-
nique can effectively decontaminate the grains from 
these mycotoxins.

Materials and methods

Chemicals and reagents

The reference standards of mycotoxins (AFB1, 
AFB2, AFG1, AFG2, and OTA) and immunoaffin-
ity columns (MycoSep 226 and MycoSep 229) were 
obtained from Romer Labs (Union, MO, USA). The 
acetonitrile (HPLC grade), methanol (HPLC grade), 
trifluoroacetic acid (CAS No. 76–05-1), bentonite 
(CAS No. 1302–78-9, B-3378), and activated char-
coal (CAS No. 7440–44-0, C-2764) were purchased 
from Sigma-Aldrich (Spruce St. Louis, Missouri, 
USA).

Collection of maize grain samples

Maize grain samples of eight varieties, including 
Pearl (n: 15), MMRI yellow (n: 12), Malaka (n: 15), 
DK-6789 (n: 19), YH-5427 (n: 15), YH-5404 (n: 15), 
YH-1898 (n: 14), and 30Y87 (n: 20) were collected 
from different agriculture farms and research sta-
tions at the time of harvesting. Agriculture farms were 
located at Bahawalpur, Dera Ghazi Khan, Faisalabad, 
Gujranwala, Lahore, Multan, Sahiwal, Sargodha, and 
Rawalpindi divisions of Punjab, Pakistan (Fig. 1). The 
research stations were Maize and Millets Research 
Institute, Nuclear Institute for Agriculture and Biol-
ogy (NIAB) and University of Agriculture Faisalabad. 
The standard procedure was followed for the collection 
of maize grains (about 1 kg) and storage before deter-
mining mycotoxins (Hassan et al., 2020; IARC, 2012).

Extraction and purification of mycotoxins

Extraction of mycotoxins (AFs and OTA) from maize 
grains was done according to the protocol described 
by Iqbal et al. (2014) with a few modifications. Maize 
grain samples were ground to fine powder by a high-
speed grinding mill (ZM 200, Retsch, Germany). 
For extraction of AFs and OTA, 25 g ground grains, 
taken in conical flasks, were suspended in 100 mL of 
acetonitrile: water (84:16 v/v). Then the flasks were 
placed on a horizontal shaker (GFL shaker, Gunther & 
Co., Baltimore, MD USA) at 50 rpm for 60 min. The 
suspension was filtered using nylon membrane filters 
(size 0.45 µm, diameter 47 mm) and 9 mL filtrate was 
reacted with 70  µl acetic acid. For AFs, the mixture 
was cleaned-up using MycoSep 226 immunoaffinity 
column, whereas MycoSep 229 immunoaffinity col-
umn was used for OTA purification. Two milliliters 
purified solution of AFs was evaporated to dryness by 
N2 gas and derivatized with trifluoroacetic acid (TFA). 
However, purified OTA solution was not derivatized 
with TFA after drying with N2 gas. The dried myco-
toxins were liquefied in 1.95 mL of acetonitrile:water 
(1:9 v/v). The liquefied samples were saved at 4  °C 
before quantification of AFs and OTA by HPLC.

Validation of method used for quantification of 
mycotoxins in maize grains

Performance parameters of HPLC detection method 
including linearity, limit of detections (LOD), limit 
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of quantifications (LOQ), repeatability and repro-
ducibility of AFB1, AFG1, AFB2, AFG2 and OTA 
are presented in Table  1. The precision and accu-
racy of the method were evaluated as repeatability 
and reproducibility at three different concentrations 
on the same day with triplicate analysis of spiked 
samples. For determining recovery efficiency of 
the method, the maize ground grain samples were 
spiked with B1 and G1 (0.5, 1.0 and 5 µg kg−1), B2 
and G2 (1, 2, and 4 µg  kg−1), and OTA (1, 5, and 
10 µg kg−1). For linearity, 0.2 to 100 µg kg−1 OTA, 
0.5–50 µg kg−1 B1 and G1,, and 0.1–20 µg kg−1 B2 
and G2 were tested and values of regression coef-
ficient (R2) were calculated. Moreover, LOD and 
LOQ for all mycotoxins were determined.

Quantification of mycotoxins

The AFs (AFB1, AFB2, AFG1, and AFG2) and OTA 
in the extracts of maize grains were quantified by 

HPLC (LC-10A series, Shimadzu, Japan). The sys-
tem had LC-10AS delivery pumps, SCL-10A system 
controller, CTO-10A column oven, CBM-101 com-
munication bus module, RF-530 fluorescence detector, 
CLASS LC-10 acquisition software, and octadecylsilyl-
C18 column (250 × 4.6 mm, 5 μm; Discovery HS, ISu-
pelco Park, USA). All the standards and samples (20 
µL) were introduced to the HPLC system using manual 
syringe in triplicate. For the determination of AFB1, 
AFB2, AFG1 and AFG2, the mobile phase used com-
prised of acetonitrile, water, acetic acid in the ratio of 
22.5: 22.5: 55, respectively. The column pressure was 
set as 2702 ± 2 psi, whereas flow rate of mobile phase 
as 1.5  mL  min−1. The analysis was done in isocratic 
mode at 30  °C. The fluorescent detector was fixed to 
wavelengths of 365 nm for excitation and 440 nm for 
emission. The complete separation and analysis were 
carried out in 15 min. The retention time (Rt) of AFB1, 
AFB2, AFG1, AFG2 was confirmed by running stand-
ards of 25 µg kg−1 and 50 µg kg−1 (Fig. 2).

Fig. 1   Map of sample collection areas of Punjab
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For OTA estimation, all conditions were similar as 
described above except mobile phase and detector wave-
lengths selected for excitation and emission. Mobile 
phase was acetonitrile: water: acetic acid (50:48:2), and 
wavelengths were 333 nm for excitation and 470 nm for 
emission. Rt of OTA was also  confirmed by running 
AFs standards of 25 µg kg−1 and 50 µg kg−1 (Fig. 3).

Use of irradiations to lower level of mycotoxins in 
contaminated maize grain samples

The contaminated maize grain samples were exposed 
to gamma, UV, sunlight, and microwave radiations to 
lower the level of AFs and OTA. Maize grain samples 
of Pearl variety (100.8 µg kg−1 total AFs, 2.1 µg kg−1 
and 60.3  µg  kg−1 OTA) were gamma irradiated in 
a chamber which had 137Cs as the gamma radiation 
source (3000 Elan, MDS Nordion Ottawa, Canada) 
having total radioactivity of 99.7 TBq (2.7 kCi). The 
dose rate at irradiation was 11.40 Gy  min−1 with an 
uncertainty of 2.5% to 95% confidence and irradia-
tion was performed at 25 ºC. Doses of gamma radia-
tion applied were 0, 1, 2, 3, 5, 10, and 15 kGy. The 
gamma irradiation was applied on three replicates 
for each radiation dose. In the next batch study, UV 
irradiation of contaminated maize grain samples was 
accomplished at 25 °C in a biosafety cabinet type-II 

(NUAIRE # NU-425–400) equipped with a UV lamp 
(TUV 30  W, Phillips, Holland). The average dose 
rate was 84 mW cm−2. The maize samples in zipper 
plastic bags (0.4  g/cm2) were exposed to UV radia-
tions for 1.5, 3, 6, 9, and 12 h. The UV treatment was 
applied on three replicates for each exposure time.

For sunlight treatment, samples were spread on a 
white polythene sheet and exposed to sunlight for 2.5, 
5, 10, 15, and 20 h. This activity was performed in the 
months of May, June and July, 2020. The average light 
intensity recorded was 685–722 kLux, average temper-
ature 42.5 to 47 °C, relative humidity 48% to 72%, pan 
evaporation 5.5 to 8.5 mm and sunshine 7.4 to 10.1 h 
(Adnan et  al., 2012). For microwave irradiations, the 
maize samples were treated with heating frequency 
2450  MHz by using 1.5  kW power level (Dawlance, 
Japan) for 1, 2, 3, 4, and 5 min (Pankaj et al., 2018).

Use of adsorbent to lower the level of mycotoxins in 
grain extract of Pearl variety

The efficacy of bentonites and activated charcoal 
was investigated to reduce mycotoxin levels in maize 
grain extract. Five milliliter maize grain extract was 
taken in 20  mL glass vials and added with benton-
ite and charcoal at 0.5, 1, 2, 3, and 5% separately in 
triplicates. Samples were placed at room temperature 

Fig. 2   Chromatograms of aflatoxins standards of 25 µg kg-1 (a) and 50 µg kg-1 (b)
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(25  °C) for 24  h under static condition. Afterward, 
samples were centrifuged at 10,000 g and 25 °C for 
10 min to get the clear supernatant. The concentration 
of different mycotoxins was determined in the super-
natant as described above.

Statistical analysis

Statistical analyses were performed using Statistix-10 
program. One-way ANOVA was applied to test the 
significance of different types of radiations and adsor-
bents on lowering mycotoxins in the samples. Least 
significance difference (LSD) test was used to compare 
the treatment means at 5% probability level (Steel & 
Torrie, 1996). Descriptive statistics including means 
and standard error were calculated by Microsoft Excel 
2013 (Microsoft Office).

Results

Quality control and recovery analysis

The method used to quantify different levels of AFB1, 
AFB2, AFG1, AFG2 and OTA showed high linearity 
as R2 was above 0.99. The method also showed very 

good recoveries (88–92%) of the mycotoxins in the 
spiked in maize grains, with RSD ranging between 
4-17%. Moreover, the instrument had highly accept-
able limit of detection (LOD, 0.01–0.10 µg kg−1) and 
limit of quantification (LOQ, 0.03–0.30  µg  kg−1), 
with a high level of precision as shown by RSD of 
repeatability (9–12%) and reproducibility (9–14%) 
(Table 1). The Rf of AFB1, AFB2, AFG1, AFG2, and 
OTA were same at two levels (25 and 50  mg  kg−1) 
of each type of mycotoxins. The chromatograms of 
mycotoxins standards of 25 and 50 µg kg−1 are shown 
in Figs. 2 and 3.

Aflatoxins content in maize grains

Out of 135 maize grain samples collected from dif-
ferent areas of the country, 93 samples were found 
contaminated with AFs (Table  2). It was notewor-
thy that 54% of contaminated samples had total 
AFs above the permissible limit of 20  µg  kg−1 set 
by PSQCA. In contrast all the positive samples had 
AFB1 below the permissible limit of 10 µg kg−1. The 
average grain concentration of total AFs and AFB1 
ranged from 14.51 to 92.36 and 1.03 to 2.46 μg kg−1 
in positive samples of different maize varieties. The 
highest average concentration of total AFs in grains 

Fig. 3   Chromatograms of Ochratoxin-A standards of 25 µg kg-1 (a) and 50 µg kg-1 (b)
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was detected in Pearl variety (92.36 ± 3.70  μg  kg−1) 
while least average AFs level was found in Malaka 
(14.51 ± 1.11  μg  kg−1). Likewise, the highest aver-
age concentration of AFB1 in grains was detected 
in YH-5427 (2.46 ± 0.19) while least average AFB1 
level was found in Malaka (1.03 ± 0.07). For each 
variety of maize, average concentration of AFB2 was 
higher than AFB1 and AFG1 than AFG2. Overall, 
AFB2 was detected in much higher levels in maize 
grains than other AFs.

Ochratoxin‑A content in maize grains

Like AFs, high percentages (61%) of collected sam-
ples of eight maize varieties were contaminated with 
OTA (Table  3). More importantly, about 32% sam-
ples, regardless of varieties, had level of OTA above 
EU permissible limit for human consumption. The 

average concentration of OTA ranged from 1.41 to 
53.9 μg kg−1 in maize grain samples. The concentra-
tion of OTA was detected in different maize varieties 
in the order of Pearl > DK-6789 > M​MRI​-ye​llow > M
alaka > YH-5404 > YH-5427 > YH-1898 > 30Y87.

Degradation of mycotoxins in maize grains by 
irradiations

Data regarding the effect of irradiation treatments 
(gamma, sunlight, UV, and microwave) on the degra-
dation of mycotoxins (AFB1, total AFs and OTA) in 
the maize grains are presented in Fig. 4. The level of 
all three mycotoxins in maize grains decreased with 
the dose of gamma irradiation (Fig. 4a). The exposure 
of maize grains to 1 kG gamma irradiation decreased 
the level of AFB1, total AFs and OTA by 21, 32 
and 3%, whereas 15 kG completely degraded the 
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mycotoxins. Sunlight treatment was also found highly 
effective in lowering the level of mycotoxins in maize 
grains (Fig. 4b). OTA was degraded faster than AFs. 
The sunlight drying of grains for 2.5  h resulted in 
decreases of 21, 19 and 39% of AFB1, total AFs and 
OTA, respectively. The complete removal of OTA 
was achieved after 10 h, while others AFs after 20 h. 
Likewise, OTA degradation by UV irradiation was 
quicker than AFs. OTA was completely eliminated 
after 9  h of UV exposure, whereas similar removal 
of AFs was achieved in 12 h. However, with micro-
wave irradiation OTA degradation was much less 
than AFB1 and total AFs at all exposure times. After 
10 s of microwave irradiation, AFB1, total AFs, OTA 
were degraded up to 10, 17, and 0.2%, respectively. 
The microwave irradiation for 120  s reduced AFB1, 
total AFs, and OTA by 29, 33, 9%, respectively.

Removal of mycotoxins in maize grain extracts by 
adsorbents

The effectiveness of activated charcoal to remove AFs 
and OTA from maize grain extract varied between 
them (Fig.  5). Activated charcoal at dose rate of 
0.5% exhibited 6.51, 7.25 and 0.78% removal of 
AFB1, total AFs and OTA, respectively after 24  h. 
The removal efficiency of mycotoxins increased with 

increase in dose level of activated charcoal. By using 
5% activated charcoal, both AFB1 and total AFs 
were removed above 96% from the aqueous solution, 
whereas OTA removed up to 43%. In contrast to acti-
vated charcoal, bentonite was found more effective 
for OTA removal than AFs. Bentonite at 0.5% dose 
rate, removed AFB1, total AFs and OTA by 3.5, 17.8 
and 31.1%, respectively. The addition of bentonite to 
maize extract at 5% resulted in the removal of OTA 
by 93% and AFs by 73%.

Discussion

Maize is an important crop cultivated two to three 
times a year in Pakistan. The rains, humidity, inad-
equate storage facilities, and inappropriate market 
environment provoke fungal attack. This fungal attack 
results in the production of AFs and OTA in maize 
grains (Alshannaq & Yu, 2017). The AFs and OTA 
are common fungal metabolites formed by Asper-
gillus, Penicillium and Fusarium genera. In the cur-
rent study, levels of AFs and OTA were estimated in 
maize varieties cultivated in different areas of Punjab, 
Pakistan. Moreover, irradiations and bio-sorbents 
were used to degrade mycotoxins in maize grains and 
grain extracts.
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It was found that 69% maize grain samples col-
lected at maturity were contaminated with AFs 
(Table  2). Out of positive samples, 54% had total 
AFs above the permissible level established by 
PSQCA. The concentration of AFB1 and total 
AFs in different cultivars ranged 1.03–2.46 and 
14.5–92.4 μg kg−1, respectively. Kamika et al. (2016) 
found 32% of maize samples, collected from Demo-
cratic Republic of Congo, contaminated with AFs 
during the pre-harvest period. The concentration of 
1.5 to 51.2 µg kg−1 AFB1 and 3 to 104 μg kg−1 total 
AFs were detected. Similarly, high concentrations 
of AFB1 were also reported by Ogara et  al. (2017) 
from Nigeria, Matumba et  al. (2014) from Malawi, 
Janardhana et  al. (1999) from India, Shah et  al. 
(2010) from Pakistan, and Oliveira et al. (2017) from 
Brazil. However, there are a few reports of other 
researchers exhibiting low level of AFs in maize 
grains than observed in the present study (Kara 
et al., 2015; Majeed et al., 2013; Mtega et al., 2020). 
The reason of low level of AFB1 in our study may 
be the dominance of other fungal species over the 
Aspergillus species responsible for the formation of 
AFB1. Moreover, the high accumulation of AFB2 is 
mainly responsible for higher AFs in the maize varie-
ties. The high levels of AFs in maize grains might 
be associated with the weather conditions during 
August to January 2018 in Pakistan.

Like AFs, the incidence of OTA in maize crop at 
pre- and post-harvest stages is a global issue (Iqbal 
et al., 2013). In the current study, OTA was recorded in 
61% maize grain samples of different varieties and 22% 
had OTA above permissible limit. The concentration 

of OTA was ranged 1.41 to 53.89 µg kg−1. Previously, 
researchers reported different ranges of OTA in maize 
viz. 16 to 73  µg  kg−1 by Kamala et  al. (2015), not 
detected to 139.2 µg kg−1 by Makun et al. (2013), and 
1.70 to 19.5 µg kg−1 by Girolamo et al. (2017). Simi-
lar to our data, co-occurrence of OTA and AFs were 
also reported by others (Iqbal et al., 2016; Temba et al., 
2017).

Use of radiations to increase the storage life of food 
commodities is getting popularity worldwide. In the 
present study the exposure of maize grains to 10 kGy 
gamma radiations decreased the level of AFB1, total 
AFs and OTA by 93, 89 and 43%, respectively. How-
ever, 15  kGy treatment completely degraded all the 
mycotoxins (Fig.  4). There are a number of reports 
showing the efficiency of gamma irradiation in reduc-
ing mycotoxins in food commodities (Aquino et  al., 
2005; Assuncao et al., 2015; di Stefano et al., 2014; 
Ghanem et al., 2008). Aquino et al. (2005) observed 
the complete removal of AFB1 in maize by 10 kGy 
exposure. The use of 10  kGy in peanuts, corn, and 
rice samples exhibited 59, 81 and 88% reduction in 
AFB1 (Ghanem et  al., 2008). Whereas, total AFs 
level reduction up to 84% in Brazilian nut by 10 kGy 
gamma irradiation has been reported by Assuncao 
et  al. (2015). In contrast, negligible degradation of 
AFs and only 24% of OTA occurred in almonds at 
15 kGy (Di Stefano et al., 2014). The sunlight drying 
contaminated sample for 150  min degraded AFB1, 
OTA and total AFs by 20, 18 and 38%, respectively. 
The sunlight treatment for 20  h exhibited complete 
removal mycotoxins (Fig. 4). Herzallah et al. (2008) 
also found 42 and 40% reduction of AFB1 and total 

Table 2   Occurrence and level of aflatoxins in commercially harvested maize varieties

Values are mean of triplicate analysis ± standard deviation
“ND” not detected

Maize varieties Samples 
analyzed (n)

Contaminated 
samples (%)

Aflatoxins (µg kg-1) Total AFs
(µg kg-1)

AFB1 AFB2 AFG1 AFG2

Pearl 15 12 (80) 1.64 ±0.12 80.41 ±4.03 8.97± 0.44 1.34± 0.11 92.36 ± 3.70
MMRI yellow 12 10 (83) 2.14 ± 0.13 67.11 ± 3.98 10.06 ± 0.71 1.04 ± 0.09 80.35 ± 4.94
Malaka 15 11 (73) 1.03 ± 0.07 11.63 ± 0.69 1.58 ± 0.12 0.27 ± 0.02 14.51 ± 1.11
DK-6789 19 15 (79) 1.41 ± 0.14 25.22 ± 1.25 3.95 ± 0.24 0.27 ± 0.03 30.85 ± 1.55
YH-5427 15 12 (80) 2.46 ± 0.19 23.64 ± 1.33 3.23 ± 0.22 0.27 ± 0.05 29.58 ± 1.48
YH-5404 15 11 (73) 1.52 ± 0.14 18.88 ± 0.76 2.64 ± 0.15 ND 23.50 ± 1.52
YH-1898 14 9 (64) 1.52 ± 0.11 12.40 ± 0.72 2.53 ± 0.13 ND 16.45 ± 1.34
30Y87 20 13 (65) 1.41 ± 0.17 25.15 ± 1.15 5.44 ± 0.46  0.10 ± 0.00 32.56 ± 1.65
Total samples 135 93(69)
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AFs after 3  h of direct sunlight treatment. Adegoke 
et  al. (1996) found that sun drying of pepper (Cap-
sicum annum) showed significant effects on afla-
toxin levels. In our study, UV treatment was also 
found highly effective as it degraded AFB1, total 
AFs, and OTA up to 37, 49, and 52%, respectively 
after 180 min and complete degradation achieved in 
12 h. Similarly, Garg et al. (2013) reported the com-
plete reduction of AFs in peanuts by UV treatment. 
The decrease of OTA (100%) was achieved in 8 h by 
a study carried out by Ameer et  al. (2016) in Paki-
stan and these findings support our results. However, 
other researcher reported a relatively a low efficiency 
of this treatment (Mazaheri, 2012). We found that 
microwave heating was effective in degrading AFs 
but not OTA. The microwave irradiation for 120  s 
degraded OTA by only 9%. Similarly, low degrada-
tion of OTA has been observed by others (Alkadi 
& Altal, 2019; Herzallah et  al., 2008; Jabłońska & 
Mańkowska, 2014; Zhang et al., 2020).

The bio-sorbents (activated charcoal and bentonite) 
were compared for their efficiency to remove myco-
toxins from maize extracts. The activated charcoal 
removed 93% total AFs and 29% OTA at 3% dose 
rate. At the same dose rate, the bentonites decreased 
56% total AFs and 84% OTA of its initial level in 
aqueous solution. Similar to our results, the complete 
removal of AFs by activated charcoal at 3% dose rate 
was observed by Eniola et  al. (2019). Khoury et  al. 
(2018) reported 52% removal of OTA after applying 
1% activated charcoal in red wine and grape juice. 
However, the degradation rate of AFs with activated 
charcoal was found higher than reported by Liu 
et  al. (2011). Bentonites have been used recently for 
the significant reduction of AFB1, AFs, and OTA in 

poultry feed, and data recorded are in good agreement 
with the current findings. Total AFs and AFB1 were 
reduced by 85 and 66% with bentonite (Mgbeahuruike 
et  al., 2018). Rao and Chopra (2001) have shown 
that 2% bentonite could adsorb 89% of aflatoxin M1 
in naturally contaminated raw milk, supporting the 
present study’s findings. Other researchers showed 
that bentonites were efficient to degrade AFB1 in fish 
food (Hassan et  al., 2010) and OTA residues in feed 
(38–84%) (Bhatti et  al., 2018; Mgbeahuruike et  al., 
2018), highlighting the effectiveness of bentonite as 
compared to charcoal.

Effect of different radiations and absorbents on 
AFs and OTA showed that radiations were more effi-
cient to decontaminate mycotoxins than absorbents. 
In contrast, microwave treatment decontaminated AFs 
and OTA to 33% and 10%, respectively. In radiations, 
gamma, UV, and sunlight showed a significant reduc-
tion of AFs and OTA. From absorbents, bentonite 
showed a similar decrease in AFs and OTA, whereas 
5% activated charcoal showed more reduction of total 
AFs and AFB1 (100%) than OTA (42%).

Conclusions

The commonly grown maize varieties in Pakistan are 
vulnerable to mycotoxins contamination. Among the 
maize varieties, Pearl variety had the highest level of 
total AFs, and OTA mycotoxins levels were consider-
ably higher than the permissible limits. Irradiation of 
contaminated samples and application of adsorbents 
showed high efficiency in reducing mycotoxin; how-
ever, their efficacy varied against different toxins. The 
gamma irradiation at 15  kGy, sunlight treatment for 

Table 3   Incidence and 
level of ochratoxin-A in 
commercially harvested 
maize varieties

Mean is of triplicate 
analysis ± SD, LOD: limit 
of detection

Maize varieties Number of 
samples (n)

Positive samples
(%)

Ochratoxin-A

Mean (µg/kg)  Range (µg/kg)

Pearl 15 11 (73) 53.89± 2.60 LOD-56.49
MMRI yellow 12 8 (67) 21.05 ± 0.84 LOD-21.89
Malaka 15 9 (60) 14.08 ± 0.84 LOD-14.92
DK-6789 19 10 (53) 35.59 ± 2.13 LOD-37.59
YH-5427 15 10 (67) 3.81 ± 0.30 LOD-4.11
YH-5404 15 12 (80) 3.86 ± 0.31 LOD-4.16
YH-1898 14 8 (57) 2.89 ± 0.29 LOD-3.18
30Y87 20 14 (70) 1.41± 0.13 LOD-1.54
Total samples 135 82 (61)
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20  h, and UV exposure for 12  h almost completely 
degraded AFB, OTA, and total AFs. The charcoal 
was better for degrading AFB1 and total AFs, while 
bentonite detoxified OTA. Therefore, physical tech-
niques may be used as a suitable technique to reduce 
the lethal effects of mycotoxins on humans and ani-
mals, which otherwise could lead to massive eco-
nomic losses for farmers, traders, and consumers.
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