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Abstract

Mycotoxins are toxic natural food contaminants, mostly produced by moulds of genera
Aspergillus, Penicillium and Fusarium. Cereal grains are the most susceptible food
material amenable to contamination by mycotoxins. Current study adopted a
multiprong approach to develop a better understanding of this major public health
concern as well as devise strategies for management and control of cereal mycotoxin
contamination. Initially, a comprehensive screening for aflatoxins and ochratoxin-A in
various cereals from Pakistan was conducted. The results showed that 43% of samples
were

found

contaminated

with

Aflatoxins.

Furthermore,

multi-mycotoxin

contamination profile of Pakistani cereals (rice, maize and wheat) has shown
prevalence of aflatoxins, trichohecence, fumonisins, zearalenone, sterigmatocystin,
roquefortin-c and ochratoxin-A in cereals. The study examined the reduction of 35-51%
of AFB1 during cooking of cereals following typical Pakistani recipes. The dietary
exposure values for aflatoxins have exceeded the tolerable daily intake at all levels. The
margin of exposure of AFB1 was remarkably lower than the recommended safe limits.
The mean cancer risk values for adults and children were 0.1613 and 0.266 cancer
cases/year /105, respectively.
Surveillance of aflatoxins (AFs) contamination in different maize varieties can
contribute to the identification of susceptible and resistant varieties, particularly for
cultivation in the Pakistani agro-climatic environment. Among tested five short-season
maize varieties (Pioneer, Neelam, DK-919, Desi and Hi-Corn), maximum aflatoxin
levels were found in Desi (14.5±0.02 µg/kg), while Hi-corn variety demonstrated
significant resistance to A. flavus and aflatoxin contamination.
Myco-flora from contaminated cereal posing high risk (rice) was isolated and
identified. Among the five isolated fungal genera, Aspergillus was found to be the most
dominant genus. Eight essential oils were studied to inhibit A. flavus and its toxigenic
potential associated with rice. The essential oils of Cuminum cyminum and Eucalyptus
citriodora exhibit the maximum anti-fungal and anti-aflatoxigenic activity. The study
also investigated that 71-88% of aflatoxin B1 degraded in real food medium at minimum
xvi

thickness (2mm) of sample exposed to UV-light after 4 hr and 48 hr of sun light. The
toxicity of degraded products was much less than that of untreated samples. This study
will contribute significantly to manage the mycotoxin problem in Pakistani foodstuffs.

xvii

List of Publications

Journal Publications


S. Majeed, M. Iqbal, M. R. Asi, and S. Z. Iqbal, “Aflatoxins and Ochratoxin A
Contamination in Rice, Corn and Corn products from Punjab, Pakistan.” J.
Cereal Sci., vol. 58, pp. 446-450, 2013.



S. Majeed, M. Iqbal, M. R. Asi, S. Z. Iqbal and J. Selamat, “Analysis of
Nutritional Traits and Aflatoxin Contamination in Selected Maize Varieties
from Pakistan.” J. Food Prot., vol. 80, pp. 1993-1998, 2017.



S. Majeed, M. De Boevre, S. De Saeger, W. Rauf, A. Tawab, Fazal-e-Habib,
M. Rahman, M. Iqbal, “Multiple Mycotoxins in Rice: Occurrence and Health
Risk Assessment in Children and Adults of Punjab, Pakistan.” Toxins, vol. 10,
2018.

xviii

List of Abbreviations and Symbols

15-ADON

15-acetyldeoxynivalenol

3-ADON

3-acetyldeoxynivalenol

AFB1

Aflatoxin B1

AFB2

Aflatoxin B2

AFG1

Aflatoxin G1

AFG2

Aflatoxin G2

AFs

Aflatoxins

AME

Alternariol methyl ether

ANOVA

Analysis of variance

AOH

Alternariol

BMD

Bench mark dose

BMDL

BMD lower confidence limit

BMDL10

BMD for a 10% increase in cancer incidence

BW/bw.

Body weight

CAST

Council for Agriculture Science and Technology

CO

Cut-off

CONTAM

Scientific Panel on Contaminants in the food chain of EFSA

DBE

Double bond equivalent

DON

Deoxynivalenol

EC

European Commission

EFSA

European Food safety Authority

EO

Essential oil

ESI

Electrospray ionization

EU

European Union

FAO

Food and Agriculture Organization

FB1

Fumonisin B1

FB2

Fumonisin B2

FB3

Fumonisin B3

FD

Fluorescence Detector
xix

FFQ

Food frequency questionnaire

FUM

Fumonisins

FUX-X

Fusarenon X

GC-MS

Gas chromatography mass spectrometry

HBGV

Health based guidance value

HBsAg(-)ive

Hepatitis B surface antigen negative

HBsAg(+)ive Hepatitis B surface antigen positive
HBV

Hepatitis B virus

HCC

Hepatocellular carcinoma

HPLC

High Performance Liquid Chromatography

IARC

International Agency for Research on Cancer

JECFA

Joint FAO/WHO Expert Committee on Food Additives

LB

Lower bound

LC-MS/MS

Liquid chromatography tandem mass-spectrometry

LOD

Limit of detection

LOQ

Limit of quantification

m/z

Mass to charge ratio

MB

Medium bound

MEA

Malt extract agar

MeOH

Methanol

MIC

Minimum inhibition concentration

ML

Maximum level

MMC

Matrix-matched calibration curve

MoE

Margin of exposure

MRM

Multiple reaction monitoring

N

Number of samples

ND

Not-detected

NEO

Neosolaniol

NOAEL

No observed adverse effect level

NP

North central Punjab

OTA

Ochratoxin-A

PDA

Potato dextrose agar

PMTDI

Provisional maximum tolerable daily intake

xx

PTWI

Provisional tolerable weekly intake

R2

Coefficient of determination

RI

Retention Index

ROQ-c

Roquefortin-c

RSD

Relative standard deviation

RSDr

Intra-day repeatability

RSDR

Inter-day reproducibility

RT

Retention time

S/N

Signal to noise ratio

SP

South Punjab

SPE

Slid phase extraction

STREG

Sterigmatocystin

TDI

Tolerable daily intake

TEM

Transmission electron microscopy

UB

Upper bound

UV

Ultraviolet

UVA

Ultraviolet A (long wave)

UVC

Ultraviolet C (short wave)

WHO

World Health Organization

ZAN

Zearalanone

ZEA

Zearalenone

xxi

1

Introduction

Currently, food is one of the fastest growing industry to fulfil the need of everincreasing world population and the expense of global food trading. Most of the
economic trade in developing countries depends on agricultural commodities.
However, food safety is the most ignored area of policy and less frequently voiced topic
in the low-income countries because their main focus is food security. Their food
system is not as efficient and extensive as in industrialized world. This condition is
further being worsened by several factors like a consistently increasing population,
climate changes, rapid urbanization, poor sanitation, improper handling of food
products during harvesting, transport, storage, ineffective implication of food safety
regulations and finally lack of resources and technical skills required to develop an
organized food system. Subsequently, individuals in developing countries are
constantly facing various food safety risks than those living in wealthier countries.
Thus, foodborne illness is on the rise at unacceptable rates, while new hazards continue
to enter food supply [1].

Cereals
Cereals are important food commodities especially, maize (Zea mays), wheat (Triticum
aestivum) and rice (Oryza sativa). Since 60% of the world’s energy intake comes from
three major cereal crops – wheat, rice, and maize, so their safety during production,
processing, and storage is of extreme important aspect of food and crop management
[2].

1.1.1 Wheat
Wheat (Triticum aestivum) contributes to approximately 20% of the global calorie and
protein intake [3]. Since the crop is extensively used throughout the world, the area
dedicated to cultivation of wheat is also increasing especially in the developing
countries. Most of the harvest comes from regions like China and Central Asia which
accounts for 50% of the global production and it covers 53% of the total cultivated area.
The annual production of wheat is estimated around 670 million tons [3]. Currently 95
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countries consume wheat as their staple food including Pakistan – where it constitutes
30-39% of the calorie intake. Wheat is a major crop of Rabi season in Pakistan, where
80% of the farmers grow it over 9 M ha. The contribution of wheat in Pakistan’s GDP
is 2.1% and it accounts for 10% of the value added in Agriculture [4].
Wheat is susceptible to mycotoxins and fungal infection during the pre-harvest
phase as well as post-harvest processing and storage. Infection by Fusarium
graminearm is one of the most common media of mycotoxin production in wheat [5].
In Pakistan, the harvesting period often coincides with pre-monsoon season, which
makes the harvested crop susceptible to infection by fungi and mycotoxin
contamination. This situation is made worse due to high humidity that prevails in most
of the Pakistan’s wheat growing areas including southern Punjab and Sindh. Therefore,
storage of grain is extremely necessary before the start of the monsoon season to avoid
high moisture contents in stored grain [10].

Figure 1-1

Top wheat importing, producing and exporting countries [6].
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1.1.2 Rice
Rice (Oryza sativa L.) is a staple food in many countries and an important source of
human calorie intake. It accounts as a primary food source of nearly half of the global
population, fulfilling 20% of the human dietary needs worldwide [7]. Rice comes third
after wheat and cotton in terms of area sown in Pakistan. The total export of Pakistan
in year 2016 was 4000 M tons. Pakistan is one the leaders in production and export of
basmati along with IRRI rice. It is also the second dietary staple crop after wheat in
Pakistan [4].
The sowing season of rice is from end-May to mid-June, which is the hottest
temperature times in Pakistan followed by humidity and rain fall in July and August.
These extreme weather conditions can act as stress factor to enhance fungal
contamination. Another practice that can makes the seedling susceptible to fungal
infection is flooded irrigation at the time of sowing because the contact of aerial part of
the seedlings with soil water can cause fungal infection. In the post-harvest phase, the
susceptibility of fungal invasion may arrives by delayed grain drying, insect damage
and high moisture contents during storage and processing of rice [8].

Figure 1-2

Top rice importing, producing and exporting countries [6].
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1.1.3 Maize
Maize (Zea mays) is the third most abundant harvested crop globally. Maize is a
multipurpose crop that is not only utilized by human as food but also as feed in animal.
Maize comes fourth after wheat, cotton and rice in terms of area sown in Pakistan.
Maize production in Pakistan was 4.9 million tons during 2015-16. The feed industry
used almost seventy five percent of maize produced in Pakistan [4].
Maize crop is reported as the most susceptible crop to mould infections and
mycotoxin contamination among all the cereal crops [9]. The rainy season and moderate
temperature including intermittent showers make panicles more prone to invasion by
fungi and bacteria. Furthermore poor harvesting techniques, inefficient storage
practices and facilities account for the main reason of post-harvest contamination.
Locally, sun drying of the harvest is also a concern in KPK and north Punjab where the
humidity is higher and rainfall is frequent than southern Punjab [10]. As a result
invasion by both field and storage fungi takes place. This makes management of
mycotoxins very difficult, putting burden on local producers in terms of limited
international marketability.

Figure 1-3

Top maize importing, producing and exporting countries [6].
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Mycotoxins
Mycotoxin is a combination of two words mykes (Greek word for fungus) and Latin
word toxicum meaning poison. Mycotoxins are low molecular weight (MW~700 Da)
naturally occurring toxic secondary metabolites produced by fungi of genera
Aspergillus, Alternaria, Penicillium, Fusarium and Claviceps genera and several
others. According to an estimate 25% of crops are contaminated with mycotoxins,
globally. These secondary metabolites are very toxic to humans and animals [11]. The
possible routes of mycotoxins exposure can be through ingestion of affected food or
absorption through skin or inhalation of airborne mycotoxins in mouldy houses. Intake
of contaminated feed by animals can contaminate their products with metabolites of
mycotoxins for example milk, eggs and animal tissues [12]. Out of 500 different
mycotoxins produced by more than 200 fungal species [13], the major mycotoxins
formed in cereals, likely to pose health hazards to human and animals are
trichothecenes, aflatoxins, alternaria toxins, fumonisins, ochratoxins, and zearalenone,
as discussed briefly here.

1.2.1 Aflatoxins
Aflatoxins (AFs) are a group of mycotoxins comprised of di-furanocoumarin. The
aflatoxin producing fungal species are Aspergillus flavus, A. parasiticus, A. nomius, A.
pseudotamarii, A. bombycis, A. toxicarius, A. parvisclerotigenus, A. minisclerotigenes,
A. arachidicola, A. pseudonomius and A. pseudocaelatus [14, 15]. Cereals, figs, corn,
peanuts, cottonseed nuts, tobacco, spices, cheese, almonds, Brazil nuts, copra and a
long list of other food and feed are commonly contaminated with aflatoxins [15]. Out
of the 14 identified aflatoxins, four have been found toxic food contaminants as shown
in Figure 1.1 [16]. They have colourless to pale yellow crystals which emit varying
fluorescence [17].
International Agency for Research on Cancer (IARC) has categorized aflatoxins
as group 1 human carcinogen [18]. Aflatoxin exposure has resulted in stunted growth
in humans and animals along with other major health issues. Hepatocellular
Carcinoma—one of the leading cause of deaths globally—has been shown to have
connection with aflatoxin exposure [21]. AFB1 is found to be the most toxic among all
the aflatoxins and is a powerful naturally occurring liver carcinogen [20]. AFB1 is
metabolized in the liver to AFB1 8,9-exo-epoxide that binds to DNA to produce AFB15
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N7-guanine adduct leading to gene mutations causing cancer [19]. In an acute aflatoxin
outbreak in Kenya (2004), 125 people died with 317 reported illness due to AFs
contaminated maize consumption [22]. It has been estimated that 4.5 billion of the
world population is exposed to aflatoxins [23].

1.2.2 Ochratoxins
Ochratoxins are group of pentaketide compounds, comprised of a dihydroisocoumarin
bonded to phenylalanine [24]. The most common congener ochratoxin-A (OTA) is
mainly yielded by Aspergillus ochraceus, Penicillium verrucosum and other
Aspergillus species (Fig. 1.1) [15]. Ochratoxins are common contaminants in grains,
coffee, coca, wine, beer, spices and pork [25]. The implications of OTA ingestion are
multifaceted. It is known to be nephrotoxic, carcinogenic, hepatotoxic, cardio-toxic,
neurotoxic, immunotoxic, and genotoxic. The genotoxicity and oxidative pathway are
the crucial steps for nephrotoxicity as well as carcinogenicity. They have also been
reported to cause mitochondrial damage and dysfunction [26]. OTA has been classified
as a possible carcinogen (group 2B) to human by IARC [18].

1.2.3 Tricothecenes
Trichothecenes are group of mycotoxins having a tricyclic 12, 13-epoxytrichothec-9ene core in their chemical structure. They are secondary metabolites of fungi belonging
to Fusarium, Specellum, Stachybotrys, Myrothecium, Trichotecium, Cephalosporium,
and Trichoderma. These fungi are infecting cereal crops globally and causing great
economic and food loss. They have been categorized into four types i.e. A, B, C and D.
The most concerning amongst all of these are type A and B due to their high toxicity
and prevalence in foods [27]. Their toxicity mechanism of action involve prevention of
peptide bond formation at the peptidyl transferase centre of the 60S ribosomal subunit,
which inhibits the elongation of polypeptide chain along with initiation and termination.
Thus, preventing the synthesis of eukaryotic protein. They also generate harmful levels
of free radicals which are injurious to human and animal health. Ingestion of mouldy
cereal infected with T-2 toxin was also found to be related to alimentary toxic aleukia.
Moreover, the health implications of ingesting Trichothecenes also include
haemorrhaging, diarrhoea, skin lesions, weight reduction, appetite loss, emesis,
immunosuppression, leukopenia, oxidative stress and even death [27, 28].
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Figure 1-4

Chemical structures of important mycotoxins

1.2.4 Zeralenone
Zearalenone is a mycotoxin having a phenolic resorcyclic acid lactone in its chemical
structure. Many fungi of Fusarium spp. including F. semitectum, F. cerealis, F.
culmorum, F. equiseti and F. graminearum are responsible for their production [33]. It
usually contaminates cereal crops. After oral ingestion, it is metabolized in different
tissues, especially liver where it is metabolized into α- and β-zearalenol [34].
Zeralenone has been reported to be toxic to reproductive organs. Decrease of fertility
and reduction of litter size in laboratory animals has also been reported [33]. Although
ZEA shows low acute toxicity, exposure over longer periods of time may pose a health
threat due to its high estrogenic activity [35].
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1.2.5 Fumonisins
Fumonisin (FUM) are highly water soluble mycotoxins due to the absence of aromatic
rings. They have carbon-chain backbone with 2 tricarballylic acid groups esterified at
C14 and C15 positions having four carboxylic acid groups (Fig 1.1) [29]. Fusarium
verticillioides, F. nygamai, F. proliferatum, and several other Fusarium spp. are
responsible for fumonisins production. They are most abundant in maize and maize
products. They have been identified as hepatotoxic, nephrotoxic, carcinogenic, and
embryotoxic. They are also reported to be involved in oesophageal cancer and neural
tube defects in humans. Due to structural similarity with sphingosine, the mechanism
of their toxicity is disruption of the biosynthesis of sphingolipids by inhibiting ceramide
synthase [30, 31]. The major compound of fumonisins (fumonisin B1) is classified as
possible human carcinogen (group 2B) by IARC [32].

1.2.6 Alternaria Toxins
Alternaria toxins are the mycotoxins produced by Alternaria species that are
widespread in humid as well as semi-arid environments. Alternaria species are
pathogenic as well as saprophytic and cause serious diseases in many cereal crops and
oilseeds [36]. They are extensively responsible for spoilage in refrigerated transport
since they grow at lower temperatures. These species produce approximately 70 toxic
compounds as secondary metabolites. In 2013, the German Federal Institute of Risk
Assessment pointed out towards a shortage of literature available on Alternaria toxins
[37]. Although there has been no report of acute toxicity of Alternaria toxins, there have
been many reports of mutagenic and genotoxic activities of alternariol (AOH) and
alternariol methyl ether (AME). AME promotes breakage of DNA strand, and similar
activity has been shown by altertoxin II in cultured mammalian cells. There has been
evidence that links alternaria toxins to oesophageal cancer [38].

Co-occurrence of Mycotoxins in Cereals
Food and feedstuff especially the cereals contaminated with mycotoxins is a worldwide
dilemma due to cosmopolitan nature of mycotoxigenic fungi. The major mycotoxins
causing harmful health effects in humans are: aflatoxins, fumonisins, ochratoxins,
deoxynivalenol, and zearalenone. Their global co-occurrence and contamination levels
(during the years 2006 to 2016) in cereals and cereal products have been reviewed by
Lee and Ryu. The percentage occurrence of 55% (AFs), 29% (OTA), 61% (FUM), 58%
8
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(DON) and 46% (ZEA), with maximum levels of 1,642, 1,164, 71,121, 41,157 and
3,049 µg/kg, respectively, have been reported in cereals and their products during last
ten years [39].
The co-occurrence of mycotoxins was reported in cereal samples used for feed
purpose, collected from Asia, Europe, North and South America. The annual report on
global mycotoxin occurrence 2016 by Biomin (Fig. 1.5) showed that among tested
Asian cereals samples (n = 223) the contamination of AFs (13%) ZEA (21%), DON
(70%), T-2 toxin (1%), FUM (28%) and OTA (18%) was found with positive mean
level of 22, 219, 1547, 37, 168 and 2 μg/kg, respectively. While, the highest recorded
contamination levels for AFs, ZEA, DON, T-2 toxin, FUM and OTA were 363, 1646,
12760, 37, 1598 and 10 μg/kg, respectively. Pakistan fall under extreme risk region
category with 76-100% of the samples found above risk threshold level [40].
In Pakistan, studies on mycotoxin contamination in cereals has been focused
primarily on the toxic effects of aflatoxins and ochratoxin-A [9, 41-49]. However, a
few studies also included zearalenone [50-52]. The only study on co-occurrence of 14
toxicologically important mycotoxins was conducted in maize samples, showing
AFB1as major contaminant with 27% positive samples reaching the levels as high as
850 µg/kg [53]. Maize samples from Pakistan contained high levels of aflatoxin
contamination with average mean value of 30.39 μg/kg, while lower levels were found
in rice having a mean value of 3.19 μg/kg [54]. A five years survey from 2006 to 2011
on aflatoxin contamination in basmati rice (n = 2047) reported that the level of AFB1
was high during the months of August (6.91 μg/kg), September (4.89 μg/kg) and
December (4.88 μg/kg), as relative humidity and temperature are more favourable for
growth and spread of moulds in comparison to other months [55]. Another survey
conducted during 2006 to 2010 showed that 11.4% of the rice samples were
contaminated with AFB1 contamination level above 2 µg/kg [56].
Two similar studies by the same group of researchers investigated aflatoxins (AFs),
zearalenone (ZEA) and ochratoxin A (OTA) in breakfast cereals and other wheat
derived products [51, 52]. The level of contamination was in the range of 0.04-3.5 µg/kg
(AFB1), 0.05-62.5 µg/kg (ZEA) and 0.06- 5.87 µg/kg (OTA) in maize and maize
products used in Pakistan in breakfast [52]. Among wheat derived products highest
mean contamination level of 9.61 and 8.89 µg/kg for AFs and ZEA, were observed,
9
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respectively [51]. As limited data is available on multiple-mycotoxin occurrence and
contamination levels in Pakistani food, there is need of comprehensive study in this
dimension.
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Figure 1-5

World map on prevalence and risk of mycotoxins in different regions. Source Biomin Annual report 2016 [40].
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Analysis of Mycotoxins
Detection of mycotoxins require rapid, reliable, sensitive and reproducible methods as
they are toxic even at very low contamination levels. Also, to fulfil the legislative
requirement, the use of simpler, effective and less expensive detection techniques is
required [57].
Determination of mycotoxins involves sample pre-treatment, separation and
detection methods. Samples pre-treatment or a clean-up is vital in successful mycotoxin
analysis, depending on the compound properties and complexity of the matrix. The
most popular and commonly used methodologies in sample preparation of mycotoxins
analysis include several chromatographic methods available for separation and
detection of multi-class mycotoxins. Traditionally, the most popular method was thin
layer chromatography (TLC), which is still common in developing countries because
of its low cost and high throughput [58, 59].
Modern analysis heavily depends on high performance liquid chromatography
(HPLC) using various adsorbents depending on the structure of mycotoxins.
Quantitative methods for aflatoxins, OTA, fumonisins, ZEA and trichothecenes T-2
toxin and DON in food and feed using immunoaffinity cleanup with HPLC or gas
chromatography (GC) hyphenated with different detectors, like ultra-violet (UV),
fluorescence detector (FLD) (with either pre- or post-column derivatisation), electron
capture detection (ECD), flame ionization detection (FID), and mass spectrometry
(MS) are available [60].
Liquid chromatography coupled with tandem mass spectrometry (LC-MS-MS)
stands out in mycotoxin analysis methods these years because of its universal, selective
and sensitive detection. Increasing interest toward multiple mycotoxin analysis has so
far been best achieved by LC-MS/MS, enabling simultaneous determination of a wide
range of multi-class mycotoxins in a single run. Reduction or possible omission of
sample pre-treatment became possible due to highly sophisticated LC-MS interfaces.
Hundreds of UHPLC-MS/MS based multi-mycotoxin and multi-substrate methods
have emerged over the past decade in food [61-70], feed [71, 72], and biological fluids
[73-76]. Moreover, LC- high resolution mass spectrometry (HRMS) is currently being
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applied in multi-mycotoxin analysis [77, 78], in masked or modified forms and for the
identification of new secondary fungal metabolites [79-82].
Analytical developments in mycotoxin analysis have been continuously
reviewed over the years [83-86]. Trends in the application of fast LC techniques,
including sample preparation and chromatographic approaches were summarized by
Nunez et al. [87]. Some general principles of sample clean-up with developments in
sol-gel immunoaffinity chromatography, aptamers and molecularly imprinted polymers
(MIPs) have also been reviewed [88], whereas others have reviewed the application of
hyphenated techniques for characterization and determination of masked mycotoxins
[89]. The application of biosensors, the potential use of nano materials for rapid
methods development [90, 91], the use of lateral flow devices and surface plasmon
resonance (SPR) based sensors for mycotoxins detection [92, 93], have been reviewed
as well.

Risk Assessment of Mycotoxins
The mycotoxin problem in public health is long-lasting and all humans and animals are
at risk for mycotoxins exposure to various extents. Acute and chronic biological
activities of mycotoxins exposure were found by in-vitro bioassays, animal studies and
human epidemiological studies. In term of chronic exposure mycotoxins pose a higher
risk of developing chronic diseases like cancer compared to pesticides, food additives
and anthropogenic contaminants [94]. Acute toxicity of mycotoxins is rarely observed
in developed countries [29]. However, mycotoxins contaminate staple foods in many
low income countries where agricultural practices and regulations are least adapted.
Hence, their populations are exposed to a constant and often higher levels of
mycotoxins [95]. Risk analysis could serve as an indispensable tool to fill in the gaps
in research and to achieve solution to mycotoxins problem. Risk analysis is a process
that collects, analyses and evaluate all the information about biological, chemical, or
physical hazards that may be linked with food. The structure of decision making in risk
analysis process contains three distinctive and closely related elements, risk assessment,
risk management and risk communication [96].
The calculation for the probability of occurrence of a known or potential adverse
health effect in humans arising from exposure to food-borne hazards is identified as
risk assessment. The regulation limits to manage a particular risk are developed on the
13
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scientific basis provided by the step wise approach of risk assessment, starting from
identification and characterization of the hazard followed by its exposure assessment,
and risk characterization [97].
The identification of the physical, chemical or biological agent present in food
that can lead to adverse health effects is known as hazard identification. Hazard
characterization involves the characterization of adverse health effects being faced by
humans and animals caused by chemical or biological or physical agent, present in
foodstuff. A hazard is characterized by constructing a dose-response relationship curve
between exposure levels of hazard by food consumption with the probability of adverse
effects usually due to long term exposure. However, for hazards like mycotoxins, both
chronic and acute effects are needed to be considered [96].
Since “only the dose makes the poison”, so for non-carcinogenic cases, usually
a tolerable daily intake (TDI) or health based guidance values (HBGV) are established
[96]. The daily intake dose of contaminant at the TDI value have no adverse health
effect over a life time [98, 99]. The dose level of contaminant, below which no harmful
effect appeared in experimental animals is called NOEAL (no observed adverse effect
level). The obtained NOEAL value is further divided by 100 (the uncertainty factor) to
calculate TDI, thus extrapolating the data for humans, assuming inter-species variation
equal to a 10 fold factor and intra-species variability equal to another 10 fold factor
[99]. JECFA (Joint FAO/WHO Expert Committee on Food Additives) used this
approach to give provisional maximum tolerable daily intake (PMTDI) values for
DON, OTA, T-2 toxin and fumonisins [100, 101]. TDIs (PMTDI (provisional TDI) or
PTWI (provisional tolerable weekly intake)) set for non-genotoxic prevalent
mycotoxins in human food by different organizations are given here (Table 1.1). While
for carcinogenic mycotoxins, there is no threshold amount, no safe limit below which
there is zero chance of induction of cancer, thus a TDI is not determined for them.
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Table 1.1

Health based guidance values (HBGV) for most common nongenotoxic mycotoxins in food.

Mycotoxin
OTA
Fumonisinsb
Zearalenone
Nivalenol
DON and ADONs
HT-2+ T-2 toxin
a

HBGV (ng/kg b. w. a day)
17
2000
250
1200
1000
100

References
[102]
[100, 103]
[104]
[105]
[106]
[107]

bw. = body weight, b FB1, FB2, FB3, alone or in combination.

The exposure assessment determines the sources as well as quantity of
mycotoxins that come in contact with humans and animals. Exposure depends upon the
levels of mycotoxins in various foods [108]. The levels of food intake can further vary
from region to region and country to country. The estimates are dependent on food
intake and the processing methods involved. Other factors that influence exposure
assessment are age and the respective populations. A number of samples are
contaminated with mycotoxins with concentration less than LOD (limit of detection) or
LOQ (limit of quantification). In consequence, treatment of these non-detects also
influence exposure estimations [109, 110]. There are two ways for estimation of
exposure, first one is deterministic exposure assessment, where fixed values of mean
and percentiles of both contamination and consumption data were considered [96]. The
second is probabilistic exposure assessment which examine the exposure distribution
by using Monte Carlo based simulation. Exposure estimations of mycotoxins can also
be performed by monitoring their biomarkers in human serum or urine [73, 111], and
can also be assessed based on pharmacokinetic relationships [110].
Based on hazard identification, hazard characterization, and exposure
assessment, the qualitative and/or quantitative probability of occurrence and severity of
known or potential adverse health effects in a given population is estimated by risk
characterization [96]. The dietary exposure of the non-carcinogenic mycotoxins is
finally compared with the TDI in order to determine whether the estimated exposures
are within or above the safe limits. Two approaches, the margin of exposure (MoE) and
the cancer risk assessment, are applied to the contaminants without any threshold limit
(TDI) including aflatoxins [112].
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MoE is considered as the best methodology for risk characterization of
genotoxic and carcinogenic substances [96]. The MoE values do not measure the risk
quantitatively, just indicate either the risk is of concern for management action. The
MoE is the ratio of the NOEL or benchmark dose lower confidence limit (BMDL) for
the clinical effect to the theoretical, predicted or estimated exposure dose or
concentration [113]. Larger the magnitude of the MoE, smaller is risk linked with
exposure of the hazard under consideration. The MoE value equal to or greater than
10,000 is considered safe by EFSA (European Food safety Authority) [112].
For quantitative cancer risk measurement associated with genotoxic and
carcinogenic mycotoxins, risk assessment models are applied. They use mathematical
extrapolations of data on cancer incidence in animal studies to calculate the cancer
incidence associated with ordinary human exposure. Since AFB1 exposure is related to
liver cancer in humans, two separate potencies have been suggested based on the
interaction between hepatitis B and aflatoxin exposure; 0.3 for population in which
chronic hepatitis infections are common and 0.01 for non-infection cases [98].
Risk management of mycotoxins make decisions regarding regulations of
mycotoxins to avoid health risk posed by their exposure. Apart from policy scenarios,
it can also be involved in selection and implementation of most appropriate prevention
and control options like pre- and post-harvest interventions to reduce mycotoxins in
fields and food and declining their harmful effects by dietary and clinical interventions.
The final step in risk analysis process is risk communication of mycotoxins, which
include sharing of information and opinions throughout the way [8].

Regulation of Mycotoxins
Many countries and legislations have developed maximum limits (ML) over the amount
of mycotoxins in food and feedstuffs owing to the hazardous impacts of mycotoxins on
health. As it is impossible to fully eliminate food contamination, MLs should be
established at a strict level that is achievable by adopting good agricultural practices
and also considered the risk related to consumption of contaminated food. Thus, risk
assessment is the main scientific basis for setting mycotoxins regulatory limits [114].
Apart from this, food security concerns and several economic issues for example
commercial and trade benefits have impact on the mycotoxins regulatory limits.
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Regulations regarding 13 different groups of mycotoxins are existent in at least 100
countries i.e. covering approximately, 85% of world inhabitants [115].
Table 1.2
Summary of maximum limit ML (µg/kg) for mycotoxins in human
food especially cereals/cereal products established by European commission
(EC).
Toxins

Products

ML
µg/kg
AFs
Raw maize and rice,
10 (t-AFs)
5 (AFB1)
All processed cereals and cereals products, except 4 (t-AFs)
baby food, maize and maize product.
2 (AF B1)
OTA
Unprocessed cereals
5
Processed cereals, except baby food.
3
FUM
Unprocessed maize.
4000
Maize flour, grit, germ and maize oil.
1000
Processed maize-products.
800
Baby food.
200
DON
Unprocessed durum wheat and oats and maize.
1750
Unprocessed cereals except wheat, oats and maize. 1250
Processed cereals.
750
Processed cereals-products.
500
Baby foods.
200
ZEA
Unprocessed cereals except maize.
100
Unprocessed maize.
350
Processed maize
100
Processed cereals except maize.
75
Processed cereals-products excluding maize
50
Baby food.
20
T-2 and Unprocessed cereal and cereal product (rice and 100-1000*
HT-2
rice products are not included)
toxins
Cereal Products for direct human consumption
15-200*
*Setting maximum levels is under discussion.

Ref.
[117,
118]

[117,
119]
[117,
120]

[117,
120]

[117,
120]

[121]

International regulations on food and feed contaminants including mycotoxins
were established by Codex Alimentarius Commission (CAC) [116]. Since the
emergence of large economic communities, mycotoxin regulations are being
harmonized more and more between countries belonging to the same economic
communities (e.g. European Union (EU), Southern Common Market (MERCOSUR),
Australia/New Zealand, Association of Southeast Asian Nationals (ASEAN),
overruling existing national regulations. The EU has implemented the most
comprehensive regulations for food mycotoxins worldwide. Current regulations are
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increasingly based on scientific opinions of authoritative bodies the JECFA and EFSA
considering tolerable daily intake values of mycotoxins [115].

Management of Mycotoxin
A number of preventive measures have been proposed to counter the infection of plants
with fungi at field level. These include soil fertilizer, planting date, plant protecting and
breeding resistant varieties, and crop rotation [122]. Mycotoxin management works at
two different levels. First, the inhibition of fungal growth and mycotoxin production
using good agricultural practices as well as application of various biological as well as
chemical methods to control fungal damage and mycotoxin contamination [123, 124].
Second approach is the detoxification of mycotoxins achieved by physical, chemical
and biological methods.

1.7.1 Controlling Fungal Growth and Mycotoxins Production
Control of fungal growth and mycotoxins production is a preventive measure instead
of a curative measure. This works on inhibition of fungal growth and thus saving the
food from mycotoxins. This can be achieved by various chemical and biological
methods as well as with different management techniques including resistant varieties,
field management and control of environmental conditions using good agricultural
practices. Drying of all commodities to safe moisture level (<9-11%) reduces the fungal
attack.
Chemical methods involve usage of fungicides, fumigants and herbal extracts
that help to control fungal invasion and subsequent toxin production. Biological
methods include various strategies such as resistant variety cultivation and bio
competition

with

non-toxic

fungi.

Transgenic

varieties

have

antifungal

enzymes/compounds in their seed kernel, which is a great way to reduce the losses due
to fungal attack and mycotoxin contamination. The application of the non-toxigenic
bio-competitive fungal strains out-compete the toxigenic isolates, resulting in reducing
pre-harvest contamination with mycotoxins. Moreover, some microbes produce antifungal metabolites that inhibits fungal growth and toxin production. Thus a number of
methods can be employed to manage mycotoxigenic fungi and mycotoxins, as
described in Table 1.3 [123, 125, 126].
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Table 1.3

Different methods for prevention of fungi and mycotoxins
contamination [123, 125, 126].

Preventive measures
Management Technique
Resistant Varieties
Field Management
Environmental Conditions

Mycotoxin

Fungi

DON, AFs,
FUM,
DON,
FUM
FUM, AFs

Fusarium,
Aspergillus
Fusarium spp.

Biological control
Competitive non-aflotoxigenic strains AFs
Aspergillus spp.
Lactic acid bacteria
AFs
Phyllosphere yeasts
OTA
Basillus subtilis, B. amyloliquefaciens,
Kluyveromyces spp.
Fusarium equiseti, yeasts, Bacillus
spp., Pseudomonas spp.
A. pullulans, P. syringae, Candida
sake, Pantoea agglomerans
Chemical control
Phosphine
Dichlorvos,
Diazinon
Iprodione

Landrin,

FUM
DON
Patulin

AFs

Malathion, AFB1
AFs, OTA

Sorbic acid

AFs

SO2
Sodium benzoate
Propionic acid
Nisin

Patulin
AFB1
AFs
AFB1,
AFG1

Fusarium
Aspergillus

spp.

A. Flavus, A.
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1.7.2 Detoxification of Mycotoxins
Despite taking precautionary measures and using inhibition practices, it is not always
possible to save the food and feedstuffs from mycotoxin contamination and fungal
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growth. In such a case, detoxification and decontamination of the mycotoxins is
necessary [122]. Various physical, chemical, and biological techniques are employed
nowadays to detoxify mycotoxins before the carcinogenic and other detrimental effects
can be exhibited by the mycotoxins. Detoxification is generally achieved by removal
of the contaminated goods or by inactivation of the toxins. The chemical detoxification
is not always possible as many legislations such as European Union do not allow it on
the grounds. The amalgamation of contaminated and healthy food is also prohibited by
FAO (Food and Agriculture Organization) and EU. A successful decontamination
process must achieve the following goals for it to be of any economic impact [125].


Destroy, inactivate, or decontaminate mycotoxin



Should not leave carcinogenic or mutagenic residue



Should not alter the desirable qualities of food including physical and sensory
properties



Destroy fungal spores and mycelia to prevent mycotoxin formation at later stages
if conditions becomes favourable



Economically feasible
The detoxification techniques are curative techniques of incomparable

importance since they are the last check before the crops are ready for marketing and
consumption. The techniques used should also be selected very carefully on the basis
of fungi and mycotoxins detected. Various chemical, biological and physical techniques
have been studied for decontamination that are viable for usage at large scale. The
degree of success, however, is not 100% and varies from technique to technique and
mycotoxin to mycotoxin [127]. The primary goal therefore is to bring down the toxicity
levels to permissible levels so that the crops are ready for trade. This is especially
important since competition and different toxicity standards greatly affect the food
market. Moreover, the reduction of exposure to mycotoxins in consumers is also of
extreme importance.
Physical Methods
The physical methods are effective post-harvest cleaning methods to reduce
mycotoxins in food. Techniques used for the detoxification of mycotoxins by physical
methods include deshelling, milling, sorting, washing, irradiation and thermal
inactivation. Mechanical cleaning reduced 50-60% of aflatoxin and fumonisin in maize
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[128]. Furthermore, a decrease of 84% in FB1 was achieved by separation of
contaminated grains based on density differences achieved through floating in saturated
solution of sucrose or sodium chloride [129]. While, collective use of various
techniques such as dehulling, milling, sorting and washing accounted to reduce 30-40%
of aflatoxin and fumonisin levels in maize [130].
Cooking also reduces mycotoxins in food to certain extent. The level of AFB1
decreases 34% during ordinary cooking [131], 87.5% in cooking with excess water
[132], between 78-88% in pressure cooking [131] and 77.6% in extrusion cooking
[133], without any additional treatment, while >95% with addition of ammonia [134]
and 92% in extrusion cooking with citric acid addition [135]. Boiling at 98 ˚C for 150
min decreases 80-93% of aflatoxin levels [136], while 60% reduction occurs during
frying [137]. Also, roasting with lemon juice and citric acid reduces 49.2% of the AFB1
in pistachio nuts [138], while during backing of corn muffin only 13% AFB1 is
decreased [139]. A 40-49 % decrease in DON level takes place by boiling [140], while
24-71 % reduction occur during backing [141]. However, during extrusion cooking
with addition of ammonia > 95% DON and 60-80 % of ZEA levels are decreased [142].
The degradation of 67% and 16-28% in fumonisin level occurs during frying and baking
process, respectively [143]. While during roasting >85% of fumonisin level is reduced
[134]. Furthermore, the level of fumonisin in corn flake reduced to 30-55% by extrusion
cooking [144], without any additional treatment, while 34-95% with addition of
ammonia [134]. During roasting of different maize meals 13-93% of OTA decrease
[145] and 84% OTA reduction occur during pressure cooking [146], while during
baking of biscuits, 75% of OTA level is dropped [147].
Chemical Agents
Numerous chemicals including alkalis, acids, bisulphites, oxidizing/reducing agents
and various gases have been used for the inactivation and reduction of mycotoxins.
Aflatoxin contaminated peanut meal has been detoxified by using ammonia gas [148].
While, ammonization was found to be less effective against fumonisin contamination
[149]. Alkalization is the most important chemical method for example,
nixtamalization, an alkaline treatment of maize during the manufacturing of tortillas in
Latin America, could degrade fumonisin and aflatoxins [150]. Alkali treatment was also
reported to cause rapid degradation of DON and NIV [151].
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Chemical transformations using oxidizing reagents also detoxify mycotoxins
like hydrogen peroxide [152]. Ozone is a powerful oxidizing agent capable of reacting
with numerous chemical groups and has affinity for carbon-carbon double bonds.
Ozone can potentially degrade aflatoxins [153], and some trichothecene [154]. Another
promising new method for mycotoxin decontamination is plasma technology which
degrade 100% AFs, DON and NIV [155]. Chemical transformations using reducing
agents causes change in molecular structure and biological activities of mycotoxins.
Sodium bisulphite inactivate aflatoxins in dried figs and its activity increased by heating
[156]. Moreover, Danicke et al. [157] reported that sodium bisulfite (NaHSO3) and
sodium metabisulfite (Na2S2O5) are able to transform DON to DON sulfonate, which
is much less toxic than DON.
Treatment of AFB1 with acid either leads to hydration at the double bond of
terminal furan ring yielding aflatoxin B2a or hydrolysis of lactone ring producing
aflatoxin D1, which exhibit less toxicity. The use of strong acids, however, is
discouraged because of their effect on quality of many foods [158]. The efficient and
safe procedure of acidification using anhydrous citric acid produces β-keto acid
following hydrolysis of lactone ring of AFB1 [159]. Propionic acid is efficient in
degrading AFB1 even at very low concentration [13]. Furthermore, dehydroacetic acid
is found to be the most effective way for controlling of growth of toxigenic A. flavus
and accumulation of aflatoxin B1 in pistachio nut during in-vitro studies [160].
Mycotoxin Adsorbing Agents
These are the large molecular weight compounds that can be inorganic silica-based as
well as carbon-based organic polymers. They bind to the mycotoxins present in
contaminated feedstuff and pass through the gastrointestinal tract of the animals without
dissociation [161].
Examples of organic binder are cell wall component of saccharomyces
cerevisiae yeasts (β-D-glucans and Glucomannan) and lactic acid bacteria (LAB). β-Dglucan fraction of yeast cell wall is directly involved in the binding of ZEA by hydrogen
and vander waals bonds forming glucan-mycotoxin complexes. Glucomannan (GMA)
alleviate adverse effects of AFB1 and DON in broiler chickens caused by contaminated
diet in chickens [162]. Moreover, GMA showed protective effect against T-2 toxin
[163]. The interaction of mycotoxins (DON, T-2 toxin, AFB1, ZON and OTA) with
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polysaccharide components of LAB (glucans and mannans) depends upon adsorption
capacity of strain and dose. Also, the strength of mycotoxin- LAB interaction is
influenced by peptidoglycan structure and its amino acid composition [124].
Inorganic binder can be based on aluminosilicate (e.g. bentonites,
montmorillonites, hydrated sodium calcium aliminosilicate, zeolite) [164], activated
carbon [165]

and synthetic polymers (dietary fibre, polyvinylpyrrolidone,

cholestyramine) [166]. The efficacy of inorganic binders depends upon the chemical
structure and physical properties of adsorbent and targeted mycotoxins i.e., total charge
and its distribution, pore size, accessible surface area, polarity and solubility [125].
Radiation
Different types of ionizing radiations i.e., solar radiation, γ, X-ray, UV radiation and
microwaves can be used to eliminate mycotoxins from contaminated food by providing
energy for chemical reactions, causing changes in molecular structures [167]. Studies
have demonstrated that solar radiation efficiently degraded aflatoxins in edible oils
[168], solid foods [169], and feed [13]. UV light exposure degrade 45.7% aflatoxin B1
in dried fig on 30 minutes (min) exposure [156]. While in red chilli powder, 87.8% of
AFB1 level was found to be reduced on 60 min exposure at 365 nm [170]. Similarly,
UV irradiation of 45 min destroy 87.8-96.7% of total aflatoxins in nuts [171]. Studies
reported >85% degradation of AFB1 in peanut oil by UV light in peanut oil [172, 173].
Gamma irradiation was used for decontaminating trichothecenes, zearalenone,
ochratoxins and aflatoxins in nuts and cereals in various studies [174-176]. Also a new
way to degrade mycotoxins using electron beam radiation was evaluated Luo et al.
[177]. Moreover, detoxification of mycotoxins by microwave irradiation has been
studied in model systems as well as in real food. The rate of mycotoxin degradation
was found to be correlated with the power and exposure time of microwave radiation
[178]. A new puled light technology degraded 75% of AFB1 and 39.2% of AFB2 in rice
[179].
Plant Products
Plant products are natural, safe and effective source that can alternate the use of
synthetic antimicrobial agents to preserve food or feed from fungal attack and
mycotoxin contamination. Powder forms, liquid extracts and essential oils of different
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plants have been reported to control the toxigenic fungi and production of mycotoxins
[180-182]. The antitoxigenic potential of the spices against ochratoxin-A (OTA)
producing strain of Aspergillus ochraceous was studied by Pereira et al. [183]. Their
results depicted that clove completely inhibited the mycelial growth of the fungus A.
ochraceous. The analysis of the effect of spices on the OTA synthesis showed a greater
inhibitory effect by cinnamon, anis and laurel. Moreover, the results confirmed that
besides the antifungal activity, some spices present an antitoxigenic activity as well. A
significant reduction (98 – 100%) in the level of OTA and DON was observed in
contaminated poultry diet after treatment with Borage and French jasmine powders
under storage conditions [184].
Another study investigating the biocontrol agents for aflatoxin control has found
that the plant extracts of Syzigium aromaticum (L.) Merr. Et Perry, Ocimum sanctum
(Linn.) Curcuma longa (L.) and Allium sativum L. effectively inhibited 65–78% of the
A. flavus growth and 72.2–85.7% of AFB1 production in stored rice [185]. The extract
of Hibiscus sabdariffa (Linn.) calyx and essential oil of Nigella sativa (Linn.) show
significant metabolic effect on aflatoxin biosynthetic pathways of Aspergillus species
[186].
Moreover, the essential oil and leaf extract of Boswellia sacra show inhibitory
effect by blocking the biochemical synthesis and metabolic pathways of aflatoxin
production. The B. sacra resin caused 57.9 -92.1% and 43.6 – 95.7% inhibition of
aflatoxin secretion by A. flavus and A. parasiticus. While, B. sacra essential oil
inhibited 41.3 – 83.5% and 45.8 – 83.7% of aflatoxin production by A. parasiticus and
A. flavus, respectively [187]. A significant detoxification effect of leaf extract of
Corymbia citriodora [188] and Trachyspermum ammi on aflatoxins was observed as
well [189].
Biotransformation
Biodegradation is a famous and attractive technology that utilizes microbial enzymes
and metabolites to decontaminate food or feed. A number of microbes from different
niche have been reported to have biotransformation ability. Biodegradation of
mycotoxins have been reviewed in detailed [190, 191]. Table 1.4 summarizes the
bacteria, fungi and enzymes that are being reported for biodegradation of different
mycotoxins.
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Table 1.4

The bacteria, fungi and enzymes used for biodegradation of
different mycotoxins as reviewed by studies [190, 191].

Biological Transformation Agents
Mycotoxin
Bacteria
Flavobacterium aurantiacum, Nocardia asteroids, Mycobacterium
AFs
fluoranthenivorans sp., Rhodococcus erythropolis, Pseudomonas
putida, Bacillus subtilis, Myxococcus fulvus
Brevibacterium linens, Brevibacterium iodinum, Brevibacterium
OTA
epidermidis, Acinetobacter calcoaceticus, Penylobacterium immobile,
Cupriavidus basilensis Or16, Pediococcus parvulus, Bacillus
licheniformis, B. amyloliquefaciens, Lactobacillus acidophilus,
Eubacterium BBSH 797, Bacillus LS100 and SS3, Agrobacteriume
DON
Rhizobium strain E3-39, NocardioidesWSN05-2, Devosia mutans17-2E-8, Chicken intestine bacterial groups of Clostridiales, Anaerofilum,
Collinsella, and Bacillus. Microbial community from catfish microbial
culture C133,
Lactobacillus rhamnosus, Bacillus amyloliquefaciens, Enterobacter
FUM
hormaechei and Microbacterium oleovorans
Mixed cultures (Alcaligenes, Bacillus, Achromobacter,
ZEA
Flavobacterium, and Pseudomonas) L. rhamnosus, Acinetobacter sp.,
Rhodococcus sp., Bacillus licheniformis CK1, B.subtilis.
Fungi
Penicillium raistrickii NRRL 2038, Dactylium dendroides, Mucor
AFs
alterans, M. griseocyanus, Absidia repens, Helminthosporium sativum
Aspergillus candidus, Aspergillus niger, Eurotium herbariorum,
Rhizopus sp.,
Aspergillus clavatus, A. versicolor, A. japonicas, A. alliaceus, A. niger, OTA
A. alliaceus, A. ochraceus, A. wentii, Trichosporon mycotoxinivorans,
Botrytis spp., Alternaria spp., Penicillium spp., Cladosporium spp.,
Rhizopus spp., Pleurotus ostreatus, Saccharomyces spp., Rhodoturula
spp., Cryptococcus spp., Pfaffia rhodozyma, Aureobasidium pullulans,
Fusarium nivale, Aspergillus tubingensis NJA-1
DON
Exophalia spinifera and Rhinocladiella atrovirens
FUM
Thamnidium elegans (NRRL 1613), Mucor bainieri (NRRL 2988),
ZEA
Streptomyces rimosus(NRRL 2234), Gliocladium roseum,
Cunninghamella bainieri (ATCC 9244B), Trichosporon
mycotoxinivorans, Aspergillus niger, Rhizopus isolates.
Enzyme
Laccase enzyme from Trametes tricolor, Peniophora and Pleurotus
AFs
ostreatus. Manganese peroxidase (MnP), aflatoxin-detoxifizyme
(ADTZ), myxobacteria aflatoxin degradation enzyme (MADE),
recombinant laccase, aflatoxin detoxifizyme ADTZ from A. tabescens.
Carboxypeptidase A from A. niger and Phaffia rhodozyma, protease-A OTA
and pancreatin
Trichothecene 3-O-acetyltransferases
DON
Recombinant enzyme: carboxylesterase and amino-transferase
FUM
Lactonohydrolase from the fungus Clonostachys rosea and
ZEA
peroxiredoxin from Acinetobacter sp. SM04
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Objectives
Mycotoxins are toxic secondary fungal metabolites that can cause mycotoxicosis.
Mycotoxins are considered as unavoidable natural contaminants in agricultural
commodities and can be produced both in the field and during storage. They pose
significant toxic effects and are hence a focus of intensive research. Stringent
restrictions and regulations are in place in global trade to restrict human exposure to
these contaminants therefore development of effective control and management
measures are necessary for economic benefits as well.
Limited data is available on co-occurrence of mycotoxins in food commodities
and their exposure in Pakistani population. There are significant differences in the
mycotoxins exposure amongst countries and even within countries with respect to the
food consumption patterns, thus necessitating country specific risk assessment.
Simultaneous exposure to multiple mycotoxins may have additive effect and pose
significant adverse effects to human health, particularly to young children. Therefore,
information on co-occurrence of mycotoxins and dietary risk assessment was studied
in both adult and children groups of population. In order to address the food safety
issues related to mycotoxins, a thorough decipherment of types and extent of mycotoxin
contamination in food along with assessment of dietary exposure risk in Pakistani
population is needed. Moreover, efforts are needed to devise efficacious management
strategies directed specifically against the most prevalent and problematic fungal
species as well as mycotoxins produced by them. Consequently, a research framework
to study the mycotoxin issues in three major Pakistani cereals (wheat, rice and maize)
was developed.
The present study provides a compendious description of multi-mycotoxin
contamination profile in cereal samples from Pakistan. Current study has also
conducted assessment of risks to health posed by these mycotoxins through their dietary
intake and furthermore measures for targeted control of most prevalent fungal species
and mycotoxins have been suggested
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The major objectives of this PhD thesis are the following:
Study 1: Surveillance of aflatoxins and ochratoxin-A in rice, maize and maize products
[Chapter 3].
Study 2: Comparison of aflatoxin contamination in different maize varieties [Chapter
4].
Study 3: Multi-mycotoxins analysis in Pakistani cereal samples and risk assessment of
dietary mycotoxins [Chapter 5 and 6].
Study 4: Screening of essential oils as a possible mycotoxin mitigation strategy to
tackle the prevalent mycotoxin [Chapter 7].
Study 5: Application of ecofriendly, cost effective, safe and efficient method to
detoxify prevalent mycotoxin in real food medium [Chapter 8].
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Materials and Methods

This chapter presents detailed protocols and procedures used in this study. The present
study was conducted in Drug Discovery & Structural Biology laboratory at the National
Institute for Biotechnology and Genetic Engineering (NIBGE), Faisalabad, Pakistan and
in Food analysis Laboratory at Gent University, Gent, Belgium. Samples were collected in
two phases, in 2012-13 from three districts of Punjab and processed for analysis of
aflatoxins and ochratoxin-A at NIBGE, while in 2015-16 from ten different districts of
Punjab covering two different ecological zones and were processed for multi-mycotoxin
analysis at Gent University. A food frequency questionnaire (FFQ) was conducted to get
consumption data of cereals and used in calculating the dietary exposure of mycotoxins.
An independent set of field experiments was done to obtain samples of five short-season
maize varieties commercially grown in Punjab, Pakistan to identify maize varieties
resistant to aflatoxin contamination in local climatic conditions. Both inhibition and
degradation part of the study was conducted at NIBGE.
The schematic outline of this PhD research is also given in Figure 2.1. Rice was
found be exhibit the highest cancer risk and dietary exposure of multiple mycotoxins
(especially aflatoxin B1, details in chapter 5 and 6) and also it is an export food item. So
considering both health and economical aspects, the inhibition and degradation part of this
study were focused on aflatoxin B1 contaminated rice. For this purpose, initially mycoflora
were isolated and identified from contaminated rice and aflatoxin production potential of
Aspergillus flavus isolates was determined following which the potential of eight essential
oils was explored to inhibit the growth of A. flavus along with their anti-aflatoxigenic
effect. Furthermore, economical and feasible methods (photo-degradation) were
investigated for decontamination of already contaminated rice, along with identification
and biological toxicity assessment of degraded AFB1 products.
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2-Comparison of
Aflatoxins
contamination in five
maize varieties grown in
Pakistan, Sampling from
field experiments

1-Analysis of Aflatoxins
and Ochratoxin-A in
brown rice, maize and
maize products; sampled
in 2012-13

3-Multi-mycotoxin
analysis in rice, wheat
and maize; sampled in
2015-16, along with FFQ
survey

Dietary Exposure
of multiple
mycotoxins in
Pakistani
papulation

Inhibition study on
the prevalent fungi
in the cereal item
causing greater
health and economic
losses

Figure 2-1

Degradation Study on
the prevalent and
more toxic mycotoxin
in the cereal item
causing greater health
and economic losses

Schematic outline of this PhD research

Chemicals and Reagents
Methanol, acetonitrile, n-hexane (LC-MS grade), triflouroacetic acid (TFA), acetic acid
and ammonium acetate were purchased from Merck, Darmstadt, Germany. Distilled deionized water was obtained from Millipore water purification system (Bedford, MA. USA)
and all other chemicals and reagents used were at least of analytical grade. For clean-up
and enrichment steps, immunoaffinity columns (IAC) OchraTest™ (VICAM, Watertown,
MA, USA ), AﬂaTest® (VICAM, Watertown, MA, USA ), C18-SPE column (Grace
octadecyl C18, Lokeren, Belgium), Multisep226, Afla-ZON+ multifunctional columns
from Romers lab (Gernsheim, Germany), whatman glass microfilter of 125 mm diameter,
(VWR international, Zaventem, Belgium), and ultrafree-MC centrifugal filters (Bedford,
MA) were used.
29

2. Materials and Methods

Mycotoxin Standards
Ochratoxin-A (OTA, 10 µg/ml); Aflatoxin mix (AFB1, AFB2, AFG1, AFG2, 20 µg/ml);
Deoxynivalenol (DON, 100 µg/ml); Zearalenone (ZEA, 100 µg/ml); Fumonisin mix (FB1,
FB2, 50 µg/ml); Nivalenol (NIV, 100 µg/ml); Neosolaniol (NEO, 100 µg/ml); Deepoxydeoxynivalenol (DOM, 50 µg/ml); T-2 toxin (T-2, 100 µg/ml); HT-2 (HT-2, 100 µg/ml);
3-acetyldeoxynivalenol (3-ADON, 100 µg/ml); Diacetoxyscirpenol (DAS, 100 µg/ml); 15acetyldeoxynivalenol (15-ADON, 100 µg/ml); Sterigmatocystin (STERIG, 50 µg/ml); and
Fusarenon X (FX, 100 µg/ml) were accredited mycotoxin standard prepared in acetonitrile
(Biopure, Coring System Diagnostix, Gernsheim, Germany). While, Fumonisin B3 (FB3)
was obtained from Promec unit (Tygerberg, South Africa). Zearalanone (ZAN); alternariol
(AOH) and alternariol monomethylether (AME) were purchased from Sigma, and
roquefortin-c (ROQ-c) from Alexis Biochemicals (Enzo Life Sciences BVBA, Zandhoven,
Belgium).

2.2.1 Stock and Working Solutions of Standards
The stock solution of FB3 (1 mg/ml) was made in acetonitrile and water mixture (50/50).
The

stock

solution

of

AOH

and

AME

(1

mg/ml)

were

prepared

in

methanol/dimethylformamide (60/40, v/v). ROQ-c and ZAN stock soutions (1 mg/ml) was
prepared in methanol. The stock solution of FB3 was stored at 4 °C, while all others were
stored at -20 °C for 1 year or until expiray date. Stock solutions were diluted in methanol
to prepare working, before storing these at -20 °C for 3 months. A working solution of
standard mixture was made having following concentrations: OTA, AFB1, AFB2, AFG1,
and AFG2 (0.2 ng/µl); DAS (0.5 ng/µl); ROQ-c (1 ng/µl); 15-ADON (2.5 ng/µl); 3-ADON
and STREG (5 ng/µl); ZEA, NEO, and AOH (10 ng/µl); T-2 toxin and HT-2 toxin (2.5
ng/µl); NIV, Fux-X, and AME (20 ng/µl); FB3 (25 ng/µl); DON, FB1 and FB2 (40 ng/µl).
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Sample Collection
2.3.1 Sampling for Aflatoxins and Ochratoxin-A Analysis (Year 201213)
Samples of brown rice (68), maize (105) and processed maize products (102) i.e., maize
ﬂour and maize bread were collected randomly from different local industries and retail
markets located in Sahiwal, Faisalabad and Gujranwala divisions of Punjab, Pakistan
during the tenure from June 2012- February 2013. The sample amount of maize and rice
samples was more than 2 kg, except the size of maize product samples, which was
maintained at 500 g. To acquire a homogeneous particle size, the samples were ground
using a grinding mill (Retsch ZM 200, Germany) and packed in a plastic bags before
storing these in a refrigerator at 4 °C.

2.3.2 Sampling for Multi-Mycotoxin Analysis (Year 2015-16)
Polished rice, wheat flour and maize of all varieties and brands, intended for human
consumption, were randomly purchased in a size of 1 kg from different whole sale markets,
super markets and small shops located in ten districts of two different agro ecological zones
of Punjab (North and south Punjab), Pakistan during the years 2015-16. One hundred and
eighty samples of each cereal from both regions were collected (Figure 2.2). The average
rainfall in South Punjab (SP) and North Punjab (NP) are between 22.65 mm and 66.99 mm,
respectively. The average annual temperature in SP and NP are 26 °C and 24 °C,
respectively. The location of SP and NP in coordinates (latitude and longitude) are between
28-30° N, 70-71° E and 31-33° N, 72-74° E, respectively [192, 193]. All unground samples
were ground using a M 20-grinder (Ika-Werke, Staufen, Germany), and kept in plastic bags
at -20 °C until mycotoxin analysis.

31

2. Materials and Methods

Figure 2-2
Map of Punjab province, Pakistan. Sampling points (Year 2015-16)
Sampling points/districts are labelled. Here, grey map region represents Southern irrigated
zone (SP) while, white map region shows central Northern irrigated zone (NP). Modified
from Ph.D dissertation of Ali [194].

2.3.3 Sampling Plan for Five Short Seasoned Maize Varieties
Five short-season maize varieties commercially grown in Punjab province of Pakistan,
were selected in this study. The basis for selection of these varieties were to represent at
least one example each from the sub-classes of popular maize inbreeds (recently being
grown in the Punjab province): local traditional open pollinated variety (Desi), synthetic
hybrid (Neelam), single cross hybrid (Pioneer 238321 & Monsanto DK-919) and double
cross hybrid (Hi-corn). For one trial, the plot size was 5 m x 0.75 m with 20 cm distance
in each plant and 0.75 cm in each row and there were 3 replicate for each maize variety (25
plants in each plot). So a total of 75 plants of each category were planted per year in spring
season for three consecutive years 2012 - 2014. Five kg sample of each variety was
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harvested each year and, to generate representative samples of all varieties, the seeds of
each variety produced in all those three years were pooled and thoroughly mixed up, before
taking a final sample size of 1 kg of each variety for further analysis. To get the
homogeneous particle size, the samples from each variety were pulverised individually
using grinding mill (Retsch ZM 200, Germany). Each sample was again thoroughly
homogenized before putting it in plastic bags for storage at 4 °C.

Sample Preparation for Mycotoxins Analysis
2.4.1 Sample Preparation for Aflatoxins
Sample preparation and analysis were conducted using the method reported by Iqbal et al.
[195], with little modifications. Briefly, sample (25 g) was added sodium chloride (2.5 g)
and extracted with acetonitrile: water (86:14; v/v) mixture, which after blending for 5 min
was subjected to filtration of the extract with Whatman no. 5 papers. The ﬁltrate (10 ml),
after diluting it with 40 ml water, was passed (20 ml of it) through an IAC at a ﬂow rate of
1.0 ml/min. The trapped aflatoxins were eluted from the IAC column with 1.5 ml of
methanol. This eluent was dried under nitrogen stream assisted evaporation. The residue
was added with 100 μl TFA to derivatize the aflatoxin standards AFB1 and AFG1 into their
hemiacetals AFB2a and AFG2a. After keeping the derivatize sample in the dark at room
temperature for 20 min, it was added the 400 μl mixture of acetonitrile: water (1:9, v/v)
and 20 μl of it was subjected to HPLC analysis.

2.4.2 Sample Preparation for Ochratoxin-A analysis
Ochratoxin-A analysis also involves similar steps of extraction and filtration, as described
for aflatoxins (in Section 2.4.1). The ﬁltrate (5 ml) was mixed with of phosphate buffer
saline (50 ml). After passing it through a glass microﬁber, 10 ml portion of this ﬁltrate was
taken and added with 70 μl of acetic acid, followed by its passing through an OchraTest
IAC. The trapped OTA was eluted (from the column) with methanol (1.5 ml). The eluate
was dried under nitrogen stream. The residues were re-dissolved in 1 ml of mobile phase
(acetonitrile: water: acetic acid, 47/51/2, v/v/v).
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2.4.3 Sample Preparation for Multi-Mycotoxin Analysis
The sample extraction methodology was followed as described by Monbaliu et al. [65],
with a little modification. Five grams (g) of ground sample (rice/maize/wheat) was extracted
with 20 ml of acetonitrile/water/acetic acid (79/20/1, v/v/v) by agitating for 1 hour (hr.) on a
vertical shaker, and centrifuged for 15 min at 3300 x g. The supernatant was applied on the
C18-SPE column (Grace octadecyl C18, Lokeren, Belgium), on a vacuum elution manifold
after conditioning with 10 ml of the extraction solvent i.e acetonitrile/water/acetic acid
(79/20/1, v/v/v). The extraction was repeated by adding 5 ml of the extraction solvent into the
samples. The eluate was collected in the 25 ml volumetric flask. The volume was adjusted
with extraction solvent. The extract was defatted with 10 ml n-hexane. Then the extract was
split into two parts to perform two ways of clean-up. In the first clean-up, 12.5 ml of the
defatted extract was diluted with 27.5 ml of acetonitrile/acetic acid (99/1, v/v) and 30 ml of
this extract was passed through Multisep-226, Afla-Zon+ Multifunctional columns from
Romers lab (Gernsheim, Germany) and the columns were washed with 5 ml of
acetonitrile/acetic acid (99/1, v/v). In the second clean-up procedure, the defatted extract (10
ml) was filtered through a Whatman glass microfilter, (VWR international, Zaventem,
Belgium) and 2 ml of this filtered extract was combined with MultiSep-226 eluate. The
combined eluates were evaporated and the residue was dissolved in 150 µl of mobile phase
containing methanol: water: acetic acid (57.2/ 41.8/ 1, v/v/v) and 5 mM ammonium acetate.
Before LC-MS/MS analysis, the resulting solution was ultracentrifuged for 5 min at 14000
x g using ultrafree-MC centrifugal filters (Bedford, MA).

Instrumental Conditions
2.5.1 HPLC-FLD Conditions for Aflatoxins and Ochratoxin-A Analysis
An HPLC system (Shimadzu, Kyoto, Japan), equipped with a reverse phase Supelco C18
column (Discovery HS, Bellefonte, PA, USA) and a ﬂuorescence detector (RF-530), was
used for the analysis of samples. The HPLC conditions include column temperature, which
was set at 40 °C. The isocratic mobile phase having acetonitrile: methanol: water (20:20:60,
v/v/v) was applied for aflatoxins analysis. To chromatograph the ochratoxin-A, a different
solvent system, consisting of acetonitrile: water: acetic acid (47/51/2, v/v/v) at flow rate 1
ml/min, was used. To detect the aflatoxins, ﬂuorescence detector’s excitation and emission
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wavelengths were maintained at 360 and 440 nm, respectively and these setting were
changed for ochratoxin-A analysis to 333 and 460 nm, respectively.

2.5.2 HPLC-MS/MS Conditions for Aflatoxins Analysis
HPLC Apparatus and Conditions
The liquid chromatography of these samples was performed on Surveyor Plus LC system
(Thermo Fisher scientific) equipped with auto-sampler Plus, and Luna C18 column (150 x
4.6 mm; 3μm particle size, Phenomenex, USA), for the separation of aflatoxin analytes
with an isocratic flow rate of 0.4 ml/min. The column temperature was maintained at 30
ºC. The injection volume was set at 10 µl and a mobile phase consisting of methanol:
acetonitrile: water (22:22:56 v/v), for a 20 minute run.
MS/MS Apparatus and Conditions
Mass spectrometric (MS) analysis of the samples were conducted using Linear Quadrupole
Ion Trap Mass Spectrometer (Finnegan LTQXL manufactured by Thermo Fisher
Scientific, USA) equipped with electrospray ionization (ESI) probe. The analytes were
ionized by ESI probe at positive ion mode. The ESI source parameters were as follows:
spray voltage 5 kV, sheath gas flow rate 70 arbitrary unit, auxiliary gas flow rate 20
arbitrary unit, capillary temperature 335 °C, capillary voltage 45 V, and tube lens voltage
110 V. Acquisition parameters of MS were optimized by tuning LC-MS/MS applying 50
µg/kg of each standard with a flow rate of 40 µl/min from direct infusion pump and mixing
it with the mobile phase coming from HPLC with a flow rate of 0.4 ml/min using Tconnector to get maximum signal strength of all analytes in MS and MS/MS mass spectra
of precursor as well as daughter ions after fragmentation. Fragmentation was done by
selecting the Reaction Monitoring Mode (SRM). After optimization, the collision energy
was set at 25 V for AFB1, AFB2, AFG1& AFG2 parent ions with M+H masses of 313, 315,
329 and 331, respectively, and collision energy was set at 21 V for 13C-AFB1 (parent mass
330). One parent ion and two product ions (285 and 298 for AFB1, 287 and 297 for AFB2,
301 and 311 for AFG1, 303 and 313 for AFG2, 301 and 314 for 13C-AFB1) were selected
for data acquisition related to qualitative and quantitative performance parameters. All of
the four tested aflatoxins spiked in the samples were successfully chromatographed using
the aforementioned HPLC and MS conditions.
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2.5.3 HPLC-MS/MS Conditions for Multi-Mycotoxins Analysis
HPLC Apparatus and Conditions
A Waters Acquity HPLC system was used to analyse the samples, and for data processing,
the Masslynx (4.1) software was used. The analytical column was a Symmetry C18, 5 µm,
2.1 x 150 mm (Waters, Zellik, Belgium), with a guard column of Waters Sentry 3.5 µm,
2.1 x 10 mm (Waters, Zellik, Belgium). The column and auto-sampler temperature was
kept at 30 °C, and 20 µl of sample was injected. The analysis was carried out using gradient
elution at a flow rate of 0.3 ml/min. The aqueous mobile phase A was a mixture of water:
methanol: acetic acid, 94:5:1 (v/v) with 5 mM ammonium acetate, while the organic mobile
phase B was methanol: water: acetic acid, 97:2:1 (v/v) with 5 mM ammonium acetate. The
total run time for the analysis was 30 min, the initial mobile phase constituted 95% of
aqueous mobile phase A, which reduced to 25% with a linear decrease in 11 min, while in
next 2 min, 100% mobile phase B was applied, after that initial column conditions were
achieved till 25 min.
MS/MS Apparatus and Conditions
A micromass Quatro Micro triple quadrupole mass spectrometer (Waters, Milford, MA,
USA) was used. The mass spectrometric parameters were followed as described by
Monabaliu et al. [196] with a few modifications. Capillary voltage was set at 3.2 kV, while
source and desolvation temperatures at 150 °C and 350 °C, respectively. The MS
parameters were followed as described in Table 2.1.
Table 2.1
Toxin

ESI+ MS/MS conditions for multi-mycotoxin analysis
Molecular
Ion

NIV

Parent
ions
(m/z)
313.0

[M+H]+

Cone
Voltage
(V)
26

DON

297.0

[M+H]+

23

FX

355.1

[M+H]+

22

NEO

400.1

[M+NH4]+

20

36

Daughter
Ions
(m/z)
124.9 *
177.2
203.3 *
249.5
175.3 *
247.3
305.3 *
365.1

CID
(eV)
12
13
10
15
11
9
13
10

Retention
Time
(min)
3.18
4.29
5.26
5.39
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3-ADON

339.2

[M+H]+

23

15-ADON

339.1

[M+H]+

24

AF-G2

331.0

[M+H]+

46

AF-G1

328.8

[M+H]+

43

AF-B2

315.0

[M+H]+

50

AF-B1

313.0

[M+H]+

47

DAS

384.2

[M+NH4]+

19

HT-2

441.9

[M+NH4]+

16

AOH

259.1

[M+H]+

53

T-2

484.3

[M+NH4]+

12

FB1

722.5

[M+H]+

51

FB2

706.4

[M+H]+

51

FB3

706.4

[M+H]+

51

OTA

404.0

[M+H]+

24

ZEA

319.2

[M+H]+

25

STERIG

325.0

[M+H]+

44

AME

273.0

[M+H]+

54

ROQ-c

390.2

[M+H]+

40

ZAN

321.2

[M+H]+

27

DOM

281.1

[M+H]+

25

231.2 *
203.2
137.1 *
321.2
313.1 *
245.3
311.2 *
243.4
287.3 *
259.4
285.3 *
241.4
307.3 *
247.3
263.2 *
215.3
185.2 *
213.1
305.2 *
245.2
334.4 *
352.3
336.3 *
318.0
336.3 *
354.0
239.1 *
358.1
185.4 *
283.3
310.2 *
281.33
199.2 *
258.1
193.3 *
322.2
303.2 *
189.2
109.2*
137.1

10
10
10
8
24
30
25
20
25
29
21
34
11
15
13
12
30
25
12
12
37
36
35
38
35
29
22
14
25
13
35
25
26
25
26
21
14
21
19
19

6.47
6.49
6.99
7.31
7.68
7.98
7.97
9.26
10.02
10.17
9.56
12.30
10.89
11.27
11.66
11.73
12.75
8.81
11.36
5.39

* Most abundant product ion. NIV = Nivalenol; DON = deoxynivalenol; F-X = fusarenon-X; NEO =
neosolaniol; 15ADON = 15-acetyl-deoxynivalenol; 3ADON = 3-acetyl-deoxynivalenol; AFB1, B2, G1, and
G2 = aflatoxin B1, B2, G1 and G2; DAS = diacetoxyscirpenol; HT-2 = HT-2 toxin; AOH = alternariol; T-2=
T-2 toxin; FB1, B2, and B3= fumonisin B1, B2, and B3; OTA= ochratoxin-A; ZEA = zearalenone; STERIG =
sterigmatocystine; AME = alternariol methylether; ROQ-c = roquefortine-c; ZAN = zearalanone; DOM =
Depoxy-deoxynivalenol.
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Method Validation Study
Method validation means reliability of any process. The objective of method validation is
to ensure the accurate and reproducible analytical results. It describes the performance of
an analytical method pertaining to the criteria applicable for the relevant performance
characteristics. Depending on the type of method, either qualitative or quantitative, most
of the respective performance characteristics are needed to be determined. A number of
performance characteristics for method validation are also mentioned in Commission
Decision 2002/657/EC [197]. These performance characteristics, which have to be
determined for a quantitative method, are specificity/selectivity, precision, accuracy,
stability, trueness/recovery, within-laboratory reproducibility and repeatability values.

2.6.1 HPLC-FLD Validation for Aflatoxins and Ochratoxin-A
Analytical method’s validity was evaluated by testing the following parameters: linearity,
sensitivity, selectivity, accuracy and precision. The method linearity was judged through a
calibration curve (seven point) of the analytes concentrations, i.e., AFB1 and AFG1 (1-100
ng/ml); AFB2 and AFG2 (0.5-12 ng/ml); and OTA (1-50 ng/ml). The sensitivity of method
was correlated with signal-to-noise (S/N) ratio of 3, to calculate the limit of detection
(LOD), and 10 to ascertain the limit of quantiﬁcation (LOQ). Method precision and
accuracy were estimated on the basis of repeatability and reproducibility by analysing the
spike samples or through recovery experiments (two different concentrations on the same
day with three-replicated analyses and repeating the analyses on ﬁve consecutive days).
The selectivity of the method was examined by the analysis of non-fortiﬁed blank versus
fortiﬁed samples (2.5, 5 and 10 ng/kg for AFB1 and AFG1, 1, 2 and 4 ng/kg for AFB2 and
AFG2 and 4, 8 and 12 ng/kg for OTA). The coefﬁcient of determination (R2) values of all
mycotoxin analytes were determined.

2.6.2 HPLC-MS/MS Validation for Aflatoxins Analysis
The developed analytical method was validated by in-house quality control procedure.
Parameters taken into account were: instrument linearity, recovery, limit of detection
(LOD), limit of quantification (LOQ), repeatability and reproducibility. Aflatoxins were
quantified using internal standard

13

C labelled AFB1 response. Percentage recovery
38

2. Materials and Methods

experiments were carried out by spiking the samples with 2.5 and 5 µg/kg of each aflatoxin.
The recoveries of all analytes were calculated. The sensitivity of the method was expressed
in terms of LOD and LOQ, which were calculated as signal-to-noise (S/N) ratio of 3 and
10, respectively. The method precision was determined in terms of repeatability and
reproducibility at two different concentrations on the same day with three replicate
analyses of spiked samples and repeating the analyses on four consecutive days.

2.6.3 HPLC-MS/MS Validation for Multi-Mycotoxin Analysis
Multi-mycotoxin analytical method was validated for three different cereals (maize, wheat
and rice) using spiked blank cereal samples. A set of performance characteristics that were
in compliance with recommendations defined by Commission Decision 2002/657/EC
[197], and Regulation EC/401/2006 [198], were evaluated. Depoxy-deoxynivalenol
(DOM) and zearalanone (ZAN), the structural analogues of the type-B trichothecenes and
ZEA respectively, were used as internal standards in this multi-mycotoxin analysis to
compensate for matrix effects and for the losses during extraction and clean-up. For
mycotoxins with a set regulatory limit, the five calibration points were 0.5, 0.75, 1, 1.5 and
2 times of the limit value. While, for mycotoxins without any set regulatory limits, certain
cut-off levels were arbitrarily taken and calibration at five points 0.5, 0.75, 1, 1.5 and 2
times the cut-off value was done.
The assessed validation parameters were: linearity, apparent recovery, limit of
detection (LOD), limit of quantification (LOQ), repeatability (intra-day precision; RSDr),
reproducibility (inter-day precision; RSDR) and expanded measurement of uncertainty
(U%). Linearity was evaluated by matrix-matched calibration curves by spiking blank
samples at five concentration levels for three different cereals. The sensitivity of the
method was estimated by LOD. LOD and LOQ were determined using matrix-matched
calibration curves. Series of blank rice sample spiked at low concentration levels were used
to estimate LODs and LOQs, which provided a signal to noise ratio of 3:1 and 10:1 for the
weakest transitions in LC-MS/MS chromatogram for each of the analyte, respectively.
The specificity of the method was estimated by analysing both blank and negative
samples (n ≥ 20) parallel to the spiked samples. Any interference at the retention time of
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the analytes was also checked. Precision and accuracy were calculated by analysing spiked
negative control samples at three different concentrations for each analyte. Matrix-matched
calibration curve, used for the quantification of the spiked samples, was prepared daily
with each batch. At each level n=6 replicates were analysed in one day and the experiment
was repeated for four days. Thus obtained data were used to calculate accuracy as
percentage recovery during the same day and between four days at three validation levels.
The same data were used to determine the precision as repeatability and within lab
reproducibility expressed as relative standard deviation (% RSD).

Food Frequency Questionary (FFQ) Survey
The Performa used for food frequency survey is attached in Annexure B. To obtain accurate
exposure estimates, cereals (including only, wheat, maize and rice) consumption data were
obtained by conducting a survey in Southern and Northern Punjab regions of Pakistan. A
food frequency questionnaire (FFQ) was prepared and the individuals and families were
interviewed. Portion size pictures were used to gather information on cereal intake and
actual weight of each portion size was measured as the small and large serving size for rice
was equal to 50 g and 100 g of rice, while for wheat bread (Roti) it was equal to 80 g and
100 g of wheat flour, and for roasted maize one serving size was taken as 50 g of maize.
The diet intake information of one week was gathered from the participants and the
mean daily cereal intake of each individual was calculated (per kg body weight per day).
The proportions of participants from South Punjab (SP) and North Punjab (NP) regions in
the consumption data were 48% and 52%, respectively. The gender distribution of the
subjects was 48% male and 52% female. In total, 548 individuals of the adult category
were interviewed and the data of 467 individuals of children category (age 7-15 years) were
gathered either by interviewing the children or the female family head. Finally, the data
from both regions were arranged separately for each category (adults and children) to get
mean, median, minimum, maximum and percentile (P75, P90, P95) intake of these cereals.
Furthermore, this generated consumption data were used in calculating the dietary
exposure of mycotoxins.
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Effect of Cooking on Aflatoxin B1
As aflatoxin B1 was more toxic and happened to be more prevalent (found after analysis of
the samples), so before dietary risk assessment, the effect of cooking was checked on
aflatoxin B1. Percentage degradation of AFB1 was checked during different cooking
methods of rice, wheat and maize and also the effect of washing step was seen. For this
purpose, naturally AFB1 contaminated rice (40 ng/g), wheat (20 ng/g) and maize (80 ng/kg)
were managed in enough quantity (5-10 kg) after screening of samples purchased from
local market. Samples of each cereal were thoroughly mixed and saved in dark at 4 °C until
cooking treatments. Each naturally contaminated cereal sample was divided in equal
portions (100 g) to apply different cooking methods (n=7) common in Pakistan in triplicate.
The most common local cooking methods of rice (n=3), wheat (n =2) and maize (n
=2) in Pakistan were evaluated for their efficiency in degradation of AFB1. Negative
control samples of each cereal were also washed and cooked by each cooking method.
Also, the blank samples were spiked with known concentrations of the standards after
cooking, to make matrix-matched calibration curves and to quantify the levels of AFB1 in
treated samples. Positive controls were naturally contaminated uncooked rice, wheat and
maize samples and were used for comparison with the treated samples to conclude the
percentage of AFB1 degradation.

2.8.1 Rice Cooking Procedure
Naturally contaminated rice samples (100 g each, triplicate for each treatment) were
washed with water (200 ml) three times, soaked for 20 min in 200 ml water, and the water
was completely removed. This washing step was similar in all the three recipes of rice. For
the first recipe (treatment) of boiled rice, the washed rice were added in boiling water (200
ml) and cooked for about 20 min. While, in the second recipe (pulao), first of all a curry
(having ingredients: oil, onion, ginger and garlic paste, tomato, boiled chicken, salt and
chilli) was prepared and 200 ml of water was added in this curry. After boiling the curry
mixture, the washed rice were added into it and cooked for 10 min at high flame and for
next 20 min at low flame, while covering tightly with lid. For the third recipe (Biryani),
first the washed rice were boiled in excess water for 5 min and water was removed. Then
the curry was prepared separately, having the same ingredients as in pulao with additional
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yogurt and spices like cumin, pepper, cloves, cinnamon, cardamom, bay leaves, coriander
and mint leaves. The layers of curry and the boiled rice, alternatively on top of each other,
were made in a pot and further cooked for 20 min at low flame after covering tightly with
a lid. The cooked rice were cooled down and freeze dried. Then the samples were ground
and analysed for aflatoxin levels by following the methodology as described in Section
2.4.1 and Section 2.5.1.

2.8.2 Maize Cooking Procedure
Consumption of raw maize in Pakistan is usually limited either to boiled or roasted form.
Therefore, in this study these two common cooking procedures were used to see the %
degradation of AFB1. For the first recipe (treatment) of boiled maize, the maize sample
(100 g) was added in water, heated till boiling and cooked for about 10-20 min. While, in
second recipe (roasted maize), 100 g of maize sample was cooked on hot sand for 5-10 min
at medium flame until its colour changed. The cooked maize was cooled down and freeze
dried. Then the samples were ground and analysed for aflatoxin levels following the
methodology as described in Section 2.4.1 and Section 2.5.1.

2.8.3 Wheat Cooking Procedure
Naturally contaminated wheat flour sample (100 g each, triplicate for each treatment) and
blank wheat sample were knead separately in lukewarm water punching for about 5 min
till the flour was converted into smooth and elastic dough. Flat wheat breads were made
(typically called “Roti”) and cooked by two methods. In first method, the bread was cooked
by heating on griddle (Tawa), pre-heated on stove (surface temperature 175 °C) for 2-3
min. While in the second method the bread was cooked in tandoor (480 °C) for 2-3 min
until its colour changed to golden brown. The cooked wheat bread were cooled down and
freeze dried. Then the samples were ground and analysed for aflatoxin levels following the
methodology as described in Section 2.4.1 and Section 2.5.1.

Dietary Exposure of Mycotoxins
Dietary exposure of mycotoxins was calculated by a deterministic risk analysis (I) as
follows:
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𝐷𝑖𝑒𝑡𝑎𝑟𝑦 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 = 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑚𝑦𝑐𝑜𝑡𝑜𝑥𝑖𝑛 x 𝑑𝑎𝑖𝑙𝑦 𝑐𝑒𝑟𝑒𝑎𝑙 𝑖𝑛𝑡𝑎𝑘𝑒 𝑝𝑒𝑟 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡

(2-1)

The left-censored mycotoxin contamination data related to the non-detects (ND),
and those below the limit of quantification (<LOQ) can be the source of uncertainty in
exposure models [199]. So, three different scenarios (lower bound, medium bound and
upper bound) were incorporated in this study to manage this uncertainty, following the
approach described by EFSA [109]. The dietary exposure levels were estimated
considering two approaches, using a fixed mycotoxin concentration with variable values
(mean, median, maximum and probability vales) of consumption level, and the second one
using fixed consumption levels with variable values (mean, median, maximum and
probability values) of mycotoxin levels. In each approach, all three scenarios: Upper bound
(<LOQ = LOQ), Medium bound (<LOQ = ½ LOQ) and lower bound (<LOQ = 0) were
considered.

Risk Characterization
Risk characterization of the genotoxic aflatoxin B1 was performed both by margin of
exposure MoE [112] and cancer risk approaches [98]. The margin of exposure (MoE) was
estimated (Eq. II) by the ratio of Bench Mark Dose Level that causes 10% increase of the
cancer incidence in rodents (BMDL10 =170 ng/kg. b. w. . day) and exposure of AFB1 [112].
Margin of exposure =

BMDL10 (ng/kg body weight per day)

(2-2)

Exposure
The risk of AFB1 induced cancer (hepatocellular carcinoma, HCC) was calculated
by multiplying the probability of cancer with AFB1 exposure estimates as minimum (min),
maximum (max), mean and percentiles (Eq. III) in both upper and lower bound scenarios
for each category (adults and children) in both regions (NP and SP). Here, cancer potency
Pcancer (Eq. IV) deals with both the percentage of carriers (%pop. HBsAg+ = 0.024) and
non-carriers (%pop. HBsAg- =0.976) of HBV infection in Pakistani population (2.4%)
[200] as well as the carcinogenic potency of AFB1 for carriers (PHBsAg+ = 0.3
cancer/year/105 individuals) and non-carriers (PHBsAg- = 0.01 cancer/year/105 individuals).
Cancer risk= Pcancer X exposure (ng/kg bw. per day)
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While,
Pcancer = (PHBsAg+ X %pop. HBsAg⁺) + (PHBsAg- X % pop. HBsAg⁻)

(2-4)

Isolation and Identification of Rice Mycoflora
To isolate fungi from rice, direct plating method was used. First, surface-disinfection of
rice grains was done using 1% sodium hypochlorite for 2 min followed by washing with
sterile distilled water. Ten grains from each sample were then placed on MEA (Malt extract
agar) and PDA (potato dextrose agar) media plates using sterilized forceps in laminar flow
chamber followed by incubation at 25 °C for 7 days. Then counting of developing fungal
colonies was done and by means of following formula and their percentage

frequency of occurrence was calculated as described by Ghiasian et al. [201].
𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 =

(𝑁𝑜. 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒𝑠 𝑓𝑟𝑜𝑚 𝑤ℎ𝑖𝑐ℎ 𝑓𝑢𝑛𝑔𝑎𝑙 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 𝑖𝑠𝑜𝑙𝑎𝑡𝑒𝑑)
× 100
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒𝑠

(2-5)

Morphological studies were performed for taxonomic identification of fungi
isolated from rice samples. Macroscopic features like colony diameter, colony colour,
texture and microscopic characteristics such as conidiophore and conidia were used to
identify fungal species [202-204].

Detection of Aflatoxigenic Potential of Aspergillus flavus
Isolates
All the Aspergillus flavus isolates were screened for producing aflatoxins by incubating
onto the rice. Rice samples with no aflatoxin contamination were selected. Isolates were
inoculated (107 spores/ml) into autoclaved blank rice (5 g) with 40% moisture and
incubated at 28 °C for 5 days. Then rice culture material was autoclaved at 121 °C for 5
min and the extraction of aflatoxins was done with 25 ml of chloroform, which, after
evaporation were re-dissolved in the solvent MeOH: H2O (50:50) and analysed with
HPLC-FLD method as described in Section 2.5.1.
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Plant Collection and Preparation of Essential Oils
Essential oils (EO) were prepared from peel of Citrus sinensis, C. reticulate, C. limetta,
and C. aurantifolia; from seeds of Elettaria cardamomum and Cuminum cyminum; and
from leaves of Eucalyptus citriodora and E. camaldulensis, collected from the botanical
garden of Agriculture University, Faisalabad, Pakistan. Plant material (1000 g) was washed
twice with distilled water and subjected to hydro-distillation in Clavenger apparatus for 3
hr. The volatile fraction (EO) was separated, traces of water removed by passing through
anhydrous sodium sulphate, and stored in a clean dark glass vial and kept at 4 °C until use.

Chemical Composition Analysis of Essential Oils by GCMS
Hewlett Packard 6890N gas chromatograph (GC) coupled with HP 5973 mass spectrometer
(MS; Agilent Technologies Inc, USA) was used to separate and identify the compounds
from essential oils. The GC was equipped with HP-5 capillary column with dimensions 30
m long, 0.25 mm internal diameter and 0.25µm film thickness (Agilent Technologies,
USA). The carrier gas was high purity helium with a flow rate of 1 ml/min. The temperature
program of the GC oven was of 45 min. Thus the initial oven temperature was set at 40 °C
for 2 min, then ramped at the rate of 5 °C per min till 240 °C and remained at the highest
temperature for 3 min. The GC injector and the transfer line coupling GC and MS were
both isothermally set at 240 °C. MS detection was performed by an electron ionization
system. The ion source of the mass spectrometer was set 180 °C and the mass spectra of
separated compounds were obtained at 70 eV with a scan range of 30-400 Da. The retention
index of the separated compounds was calculated by injecting the standard hydrocarbon
solution C8-C25 (Sigma-Aldrich Sweden) at the same parameters as those used for the
analysis of essential oils. All the separated compounds were identified by matching their
mass spectra in the NIST electronic MS library (v.2.0), comparing to the published
retention index values and finally, to authentic standards using MSD Productivity
ChemStation (v.02.01.1177). The composition was presented as a relative percentage of
the total peak area.
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Fungal Growth Inhibition Assay
Screening of essential oils from the eight plants to find out their activity against fungal
growth inhibition was carried out using food poisoning technique with slight changes as
described by Sharma et al. [205]. PDA plates (each containing 20 ml media) having
different concentrations of essential oils (ranging 50 to 300 ppm) with 0.01% tween-80
were prepared in five replicates for each treatment along with the control (without oil).
Fungal culture disk (5 mm) from the edge of 5 day old fugal colony was inoculated in the
centre of the plates. Plates were incubated at 28 ± 1°C and colony diameter was measured
after 7 days. Fungi-toxicity of essential oils was measured in terms of percentage inhibition
of mycelial growth and calculated as
𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑚𝑦𝑐𝑒𝑙𝑖𝑎𝑙 𝑔𝑟𝑜𝑤𝑡ℎ 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 (%) =
Where,

(𝑑𝑐 − 𝑑𝑡)
× 100
𝑑𝑐

(2-6)

dc = average diameter of fungal colony in control
dt = average diameter of fungal colony in treatment.

Inhibition of Aflatoxin Production In-vivo
To study the effect of essential oils (EO) on inhibition of aflatoxin production, the rice
samples negative for aflatoxins were taken as blank. 5 g of rice in an Erlenmeyer flask
were soaked in 2 ml of water after thoroughly mixing and left for 2 hr. The rice were then
autoclaved at 121 °C for 15 min. Different concentrations of oils were added with 0.01%
tween 80 into the rice samples. Inoculum, consisting of 1 × 107 spores suspended in 1 ml
of distilled autoclaved water, was inoculated in autoclaved rice. After inoculation, the
flasks were kept at 28 °C in an incubator for 7 days under shaking (300 rpm). The contents
of flasks were thoroughly mixed by vigorous hand shaking to break the lumps, twice a day.
Humidity of the cultures was maintained by adding 100 µl of autoclaved tap water every
day. After seven days, these rice culture material was autoclaved at 121 °C for 5 min and
aflatoxins were extracted with 25 ml of chloroform, which, after evaporation, were redissolved in the solvent MeOH: H2O (50:50) and analysed by the HPLC-FLD method as
mentioned in Section 2.5.1.
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Photo-degradation of Aflatoxin B1 (In-vivo study)
Naturally contaminated rice samples were exposed to sunlight or irradiated with ultraviolet
light at one of the two wave lengths (365 nm and 254 nm) for aflatoxin B1 degradation.
The effect of the sample thickness on toxin degradation efficiency by light sources was
also evaluated. For this, three types of treatments were executed applying two types of
sample thickness:


T1: sample with 1-2 mm thickness



T2: thickness 2 cm with shaking at definite intervals (after every 5 min for 15 and 30
min exposure and after every 15 min in rest of exposure times)



T3: thickness 2 cm without any shaking
A market survey was conducted to find naturally contaminated rice samples, and a

rice sample of 10 kg size was purchased after confirmation of aflatoxin B1 contamination
from Faisalabad, Pakistan. The sample was thoroughly mixed and analysed to confirm its
initial level of contamination before applying any treatment and saved in dark at 4 °C. The
sample was divided into 150 portions of 50 g each. Another rice sample without any toxin
contamination was used as negative control, while un-treated contaminated rice sample
was used as positive control. For each treatment, the sample (50 g) was placed in glass
trays in two defined thicknesses (2 mm and 2 cm) and irradiated directly with UV light or
sunlight.

2.17.1 Sunlight Exposure
For each treatment (T1, T2, and T3), the rice samples (50 g each) were placed in glass trays
in triplicate and irradiated with bright sunlight during the summer season of 2016 for 0, 3,
6, 9, 12, 24 and 48 hr with solar radiation intensity of 500 W/m2. During treatments, the
temperature range was from 38-42 °C during day and average length of sunlight was 12 hr
per day. The samples were exposed to bright sunlight only, between 9 am to 3 pm. Rice
samples were analysed for aflatoxin B1 quantification after treatments as discussed earlier
in Section 2.4.1 and Section 2.5.1.
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2.17.2 UV Irradiation
Aflatoxin B1 degradation efficiency was checked at UV wavelength 254 nm with intensity
of 390 µW/cm2 and at 365 nm with 350 µW/cm2 intensity. Irradiation was performed with
a UV lamp (Spectroline Model CM-10A, USA) in an irradiation chamber (Florescence
Analysis Cabinet spectronics cooperation Westbury, New York, USA). Rice samples (50
g) were irradiated with both wavelengths of UV under the same thickness parameters (T1,
T2 and T3), as were followed in sunlight treatment. The samples were exposed to UV
radiations for 0, 15, 30, 60, 120 and 240 min. at room temperature. The experiments were
performed in triplicate for each radiation wavelength, time of exposure and sample
thickness. Rice samples were analysed for aflatoxin B1 quantification after the treatments
as discussed earlier in Section 2.4.1 and Section 2.5.1.

Mass Spectral Identification of AFB1 Degraded Products
The LTQ XL linear ion trap mass spectrometer (Thermo Fisher Scientific, USA) was
coupled with electrospray ionization (ESI). The analysis was performed at positive
ionization mode within the range of 100 m/z to 500 m/z. The capillary voltage and source
voltage were set at of 4.9 V and 5 KV, respectively. Nitrogen was used both as sheath and
auxiliary gases with the flow rates of 3 L/min and 0.4 L/min, respectively. The tube lens
was set at 110 V and capillary temperature at 275 °C. For collision induced dissociation
(CID), helium gas was used in ion trap. For quantitative and confirmatory purposes,
MS/MS analysis of all ion peaks in mass spectrum was performed and the identification
was done on the basis of accurate masses of ions and their fragmentation patterns. All the
data were acquired using Xcaliber software version 2.0.7 (Thermo Fisher Scientific USA).

Biological Toxicity Assessment of Photodegraded Products
of AFB1
Brine shrimps bioassay (Artemia salina) was used to assess the toxicity of degraded toxin
products. The protocol for bioassay was followed as reported by Solis et al. [206], with a
few modifications. Brine shrimp eggs were purchased from local marketplace. The
hatching conditions were provided to brine shrimp eggs (100-200 mg) by incubating them
at 26 °C in artificial sea water (34 g sea salt/L deionized water) beneath 60 W lamp,
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supplying direct light. Similar states of light and temperature were maintained throughout
the hatching period. After 24 hr of incubation, the hatched nauplii were provided with fresh
artificial sea water after separating them from empty shells. A quantity of three hundred µl
of treated and untreated control samples were added to 96 well plate independently and
dried overnight. After complete evaporation of the solvent, the degraded toxin products
were re-dissolved in 200 µl of sea water. After that, 200 µl of sea water containing thirty
to thirty five organisms were added into each well, making the final volume to 400 µl and
the mixture was then incubated at 26 °C for 24 - 96 hr. The number of living and dead
larvae were counted under stereo microscope in all treated, non-treated and without-toxin
samples (only sea water + shrimps) after 24, 48, 72 and 96 hr of incubation and the
mortality was calculated. Toxicity of each treatment was measured in triplicate.

Statistical Analysis
The concentrations of mycotoxins were statistically analysed and reported with mean and
standard deviation using SPSS software (IBM®, Statistics 14, USA). The coefﬁcient of
determination (R2) was determined by regression/correlation analysis. Significant
differences in experimental data were analysed by ANOVA and Tukey’s multiple range
tests with a significance level P< 0.05 using DSSTAT software. The normality of the
cereals consumption data distribution and contamination data were assessed by the
Kolmogorov–Smirnov, Shapiro–Wilk test and the corresponding Q/Q plots. A nonparametric Mann-Whitney U and Kruskal-Wallis one way ANOVA tests were applied to
determine the significance using the SPSS with 0.05 level of confidence. All other
calculations were executed in Excel 2010.
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Aflatoxins and Ochratoxin-A
Contamination in Cereals

Summary
In this study, cereal samples (275) consisting of rice, maize & maize products were
collected from retail market. These samples were analysed to measure the aﬂatoxins
and ochratoxin A (OTA) using HPLC equipped with a ﬂuorescence detector. The data
reveal that 38 out of 68 rice samples, 37/105 of maize and 43/102 maize products
samples, were found contaminated with aflatoxins. Average levels of AFB1 and total
AFs for the three categories of samples were 8.23 and 19.54; 7.90 and 12.08; and 5.47
and 7.85 µg/kg, respectively. Furthermore, 34 of rice, 28 of maize and 26 samples of
maize products, were detected with OTA contamination, having the average level of
12.94, 5.29 and 3.69 µg/kg, respectively. The samples with AFB1 and total AFs levels
above the permissible European Union (EU) limits in rice, maize and maize products
were 18 and 13%; 14 and 28%; and 14 and 20%, respectively; however, the samples
with OTA level above the permissible European Union (EU) limits in of rice, maize
and maize products 40, 14 and 15%, respectively.

Introduction
Cereal are consumed worldwide and are among the food materials that are prone
towards mycotoxins contamination [207]. The cereals are likely to be contaminated by
mycotoxigenic fungi in two ways: I) they are infested with fungi growing as pathogens
on plants, II) fungus can grow saprophytically during the storage of cereal [208].
Consequently, humans and animals can be exposed to mycotoxins after consuming the
contaminated food/feed of plant origin (cereal grains). Human can further exposed to
mycotoxins through the consumption of the food coming from the animals, which have
been fed with contaminated fodder/feed [209-211]. After wheat and cotton, rice is one
of the major crops of Pakistan and stands as the 5th major producer of rice in the world
[212]. Maize is another important cereal crop, which is widely being grown in Pakistan.
In 2011, Pakistan has produced about 6,160,400 million tons of rice and 4,270,900
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million tons of maize [213]. But Pakistan is placed in a tropical region of the world and
represents the favourable climatic conditions favourable for fungal proliferation [42],
which can induce the spoilage of large amount of cereals and food products. Notably,
fungal putrefaction of food is responsible of economic losses globally, i.e., around 25%
of crops are likely to be affected annually from the mycoses and their metabolites, the
mycotoxins [195].
Mycotoxins are mainly produced by the moulds of genera Aspergillus (A.),
Penicillium and Fusarium. Aﬂatoxins (AFs) are produced by fungi of genus
Aspergillus, mainly the Aspergillus parasiticus, Aspergillus ﬂavus, and rarely by the
other related species such as Aspergillus nomius and Aspergillus tamari [42]. Among
the aflatoxins, aﬂatoxin B1 (AFB1) is found to be the most toxic and carcinogenic
metabolite, and due to its highly toxic nature, International Agency for Research on
Cancer (IARC) has classiﬁed it as Group 1 carcinogen to humans [18]. Besides the
aflatoxins, the ochratoxin A (OTA) is produced mainly by Aspergillus carbonarius,
Aspergillus ochraceus and Penicillium verrucosum [102]. It is the well-known
nephrotoxic agent, associated with fatal human kidney disease, which also referred to
as Balkan Endemic Nephropathy (BEN). The OTA is responsible for the incidence of
tumours of the upper urinary tract [214]. Hence, The IARC has classiﬁed OTA as
possibly a carcinogen (group 2B), based on inadequate evidence for carcinogenicity in
humans and sufﬁcient evidence in animals [18].
There have been genuine concerns over food safety, which have led the various
countries to consider the safety of food products, especially the cereals (rice, maize)
consumed locally or exporting these food commodities. Knowing the mycotoxins
contamination levels in cereal is the first step for its further management. Based on the
aforementioned facts, the main objective of the present study was to scrutinize the
occurrence and contamination levels of AFs and OTA in rice, maize and maize
products, to further compare these results with EU permissible limits. The ﬁndings of
the current study may be important to assess the problem and to create awareness
among food inspectors, law enforcement agencies, local farmers and more importantly
the general public, about the risks of health hazards associated with the cereals
contaminated with mycotoxins.
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Materials and Methods
3.2.1 Sampling
This study was conducted on rice, maize and maize products collected from three major
districts of Punjab, Pakistan (Figure 3.1). Detailed description of sample collection is
given in Chapter 02 under the Section 2.3.1. A brief summary of the samples is given
in Tables 3.1.

Figure 3-1

Table 3.1

Map of Punjab province, Pakistan. Sampling points (Year 201213)

Details of sampling (type and number) from three districts of
Punjab, Pakistan
Location

Sample type
Rice
Faisalabad Maize
Maize product
Rice
Sahiwal
Maize
Maize product
Rice
Gujranwala Maize
Maize product
Rice
Total
Maize
Maize product
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Sample size
22
38
33
20
36
40
26
31
29
68
105
102
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3.2.2 Sample Preparation for Aflatoxins Analysis
Sample extraction and clean-up for the analysis of aflatoxins were performed as
explained in Section 2.4.1 in Chapter 2.

3.2.3 Sample Preparation for Ochratoxin-A analysis
Sample extraction and clean-up for the analysis of ochratoxin-A were carried out as
defined in Section 2.4.2 in Chapter 2.

3.2.4 HPLC-FLD Conditions
The detail description of instrument and chromatographic conditions used for the
quantification of aflatoxins and ochratoxin-A are provided in Chapter 2 under Section
2.5.1.

3.2.5 Validation of Analytical Method
The validation procedure for the analysis of aflatoxins and ochratoxin-A was performed
as explained in Chapter 2 Section 2.6.1.

3.2.6 Statistical Analysis
To statistically analyse the mycotoxins, mean and standard deviation using SPSS
software (IBM®, Statistics 14, USA) were calculated, which followed the
regression/correlation analysis to determine coefﬁcient of determination (R2).

Results and Discussion
The validation results of the method are given in terms of selectivity, linearity,
sensitivity, accuracy and precision in Table 3.1. The correlation coefﬁcient values of
the analytes were good i.e. ≥98. The method accuracy was ascertained through recovery
experiments adapting spiking procedure. The values obtained for the matrices and all
the spiked samples, were found to be in the range of 86-93%,representing the RSD
values variation from 6 to 15% as shown in Table 3.1.
The contamination incidence of cereals by aflatoxins and ochratoxin-A has been
summarized in Table 3.2. The samples (rice, maize and maize products) collected from
three main districts (Faisalabad, Sahiwal and Gujranwala of Punjab, Pakistan), were
subjected to the analyses. The results revealed that the rice samples from three districts
i.e. Faisalabad, Sahiwal and Gujranwala, were highly contaminated with AFB1 and total
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aflatoxins, representing the average levels concentrations 6.97 and 16.77; 8.78 and
20.30; and 8.94 and 21.54 µg/kg, respectively. On contrary, the maize products have
exhibited the least contamination of AFB1 and total AFs, indicating average levels of
4.8 and 6.3; 9.8 and 11.87; and 5.71 and 9.34 µg/kg, respectively, from three districts.
Moreover, the rice samples have exhibited the higher contamination level of OTA as
well in the samples collected from three districts.
Table 3.2

HPLC-FLD validation parameters results of aﬂatoxins and
ochratoxin-A in cereals samples.

Mycotoxin Spiked Recovery
level
(%)
AFB1

AFB2

AFG1

AFG2

OTA

RSD
(%)

Linearity
(µg/kg)

LOD LOQ RSDr
µg/kg µg/kg (%)a

RSDR
(%)a

1-10

0.01

0.03

4

8

0.5-15

0.05

0.15

2

12

1-10

0.1

0.3

2

12

0.5-15

0.05

0.15

5

10

1-50

0.06

0.18

6

9

2.5

89±0.11

4.81

5

90±0.19

4.16

10

91±0.13

1.45

1

85±0.02

2.35

2

88±0.11

7.9

4

89±0.21

5.78

2.5

91±0.11

4.81

5

93±0.25

5.52

10

89±0.12

1.23

1

80±0.02

2.35

2

85±0.11

7.9

4

83±0.05

1.27

4

89±0.05

4.6

8

91±0.13

3.9

12

93±0.10

2.1

RSD= relative standard deviation, LOD = limit of detection, LOQ = limit of quantification.
a

Intra-day repeatability (RSDr), inter-day reproducibility (RSDR)

The occurrence levels of AFB1, total AFs and OTA in rice, maize and maize
products from three districts can be seen in Table 3.3. The data is indicating that the
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rice, among the tested cereals, has the highest proportion of samples contaminated with
AFs; i.e. 55% of the samples each from Sahiwal and Faisalabad, and 58% from
Gujranwala district. The sample type, inhibiting the highest number of samples
contaminated with AFB1 above the EU permissible limit (5 µg/kg for unprocessed
cereal), was the rice samples collected from Faisalabad district (23%), whereas, the
least number of samples (12%), having contamination level above the threshold value,
was maize products collected from Sahiwal district. Considering the total AFs presence
versus permitted limit (10 µg/kg) criteria, , rice samples from the Sahiwal district i.e.
35% demonstrated the highest contamination level Furthermore, for OTA, the rice from
Gujranwala had the highest number of samples above the permissible level of OTA (5
µg/kg) i.e. 42%; whereas maize products from the Sahiwal district were found to have
the least number of samples with OTA contamination above the permissible limit for
processed cereals (3 µg/kg) i.e. 12%.
Previous studies embarking upon the AFs contamination levels in cereals, have
reinforced our research ﬁndings [46, 215]. Another study from Pakistan, after analysing
the 20 rice and 15 maize samples for AFs contamination, found the average levels of
4.6 and 10.4 µg/kg, respectively [46]. While, Reiter et al. [215] have recognised that
24 out of 81 rice samples collected from Austrian retail market, spotted the detectable
amounts of AFs, and out of all, 15 samples were found to be the non-complaint with
AFB1 contamination. Their analytical method represented the values of LOD 0.1 and
LOQ 0.44 µg/kg, respectively. The levels of AFB1 contamination was found in between
0.45 and 9.86 µg/kg. Ibáñez-Vea et al. [216] have disclosed the 9% of cereal samples
collected from Spain, were contaminated with AFB1. Additionally, they illustrated that
zearalenone and OTA contaminated 48% and 39% of the samples, respectively, with
mean values of 25.40 and 0.37 µg/kg. They concluded that AFB1 mainly appeared in
the maize-based breakfast cereals. In only 2009, the EU Rapid Alert System for Food
and Feed (RASFF) generated a total of 669 notiﬁcations on mycotoxins, out of these,
the major portion of alerts (638) were concerned with AFs presence. Moreover, there
were 13 notiﬁcations on AFs in cereals and bakery products, of which, 8 were in rice,
4 in maize meal/ﬂour and only 1 in cookies samples.
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Table 3.3
Location

Faisalabad

Sahiwal

Gugrawala

Total

Occurrence and level of aflatoxins and ochratoxin A in rice, maize and maize product
Sample Type

Aflatoxins (µg/kg)

Ochratoxin A (µg/kg)

Positive
Sample

Mean
AFB1± SD

Mean

Positive
Sample

Mean ± SD

Rice

12

6.97 ± 1.12

16.77 ± 1.90

12

17.10 ±1.56

Maize

12

7.1 ± 191

10.70 ± 1.75

9

4.2 ± 0.80

Maize product

13

4.8 ± 0.78

6.3 ± 0.86

7

4.0 ± 0.71

Rice

11

8.78 ± 1.31

20.30 ± 2.30

9

9.89 ±1.88

Maize

13

9.8 ± 2.10

11.87 ± 1.94

8

5.74 ± 0.34

Maize product

16

5.9 ± 1.56

7.92 ± 1.45

9

3.67 ± 0.49

Rice

15

8.94 ± 1.87

21.54 ± 3.12

13

11.83 ± 1.23

Maize

12

6.81 ± 1.71

13.67 ± 2.43

11

5.93 ± 0.75

Maize product

14

5.71 ± 2.33

9.34 ± 1.64

10

3.40 ± 0.80

Rice

38

8.23 ± 1.87

19.54 ± 3.67

34

12.94 ± 1.98

Maize

37

7.90 ± 1.62

12.08 ± 1.97

28

5.29 ± 0.91

Maize product

43

5.47 ± 0.98

7.85 ± 1.12

26

3.69 ± 0.12

56

AFs ± SD

3. Aflatoxins and Ochratoxin-A

Table 3.4
Frequency of samples exceeding the maximum contents for
aﬂatoxins and ochratoxin-A in rice, maize and maize products as per established
by the EU regulations.
Sampling
area

Faisalabad

Sahiwal

Gugrawala

Total

Sample type

Aflatoxins

Ochratoxin A

n > 5 μg/kg

AFB1b n > 5
μg/kg

AFsb n >
10 μg/kg

b

Positive
samplea
%

AFB1c n > 2
μg/kg (%)

AFsc n > 4
μg/kg (%)

Rice

55

5(23)

6(27)

55

8(36)

Maize

32

6(16)

4(11)

24

5(13)

Maize product c

39

4(12)

6(18)

21

4(12)

Rice

55

3(15)

7(35)

45

8(40)

Maize

36

4(11)

6(17)

22

5(14)

Maize product c

40

5(13)

7(18)

23

5(13)

Rice

58

4(15)

6(23)

50

11(42)

Maize

39

4(13)

5(16)

35

5(17)

Maize product c

48

5(17)

7(24)

34

6(21)

Rice

56

12(18)

19(28)

50

27(40)

Maize

35

14(13)

15(14)

27

15(14)

Maize product c

42

14(14)

20(20)

25

15(5)

Positive
samplea %

n > 3 μg/kg
(%)
c

a

Where n represents No. of samples as well as the data in parenthesis indicating the
percentage of samples
b
Positive mean samples > LOD.
c
The EU limits for AFB1 and total AFs in the processed cereal products (2 and 4
µg/kg, respectively), the EU limit for ochratoxin A in the processed cereal products
and cereals proposed for direct human consumption (3µg/kg) [117].
In the current study, it has been perceived that around 56% of the rice, 35% of
the maize and 42% of the maize product samples, have exhibited the detectable levels
of AFs presence in total analysed samples, collected from three districts. Out of all,
50%, 27% and 25% of the analysed samples, were found to be contaminated with OTA,
respectively. Similarly, a very high aflatoxins incidence level (56%), ranged between
0.05 and 4.3 µg/kg AFB1 in rice samples, analysed from Athens was reported. The LOD
and LOQ of the reported method was 0.40 1.06 ng/g, respectively, in this study [218].
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More or the less the similar results have been conveyed from Canada, around 30% of
the breakfast cereal samples were found to be contaminated with OTA, although the
levels of occurrence were low, ranging from 0.01 to 0.38 ng/g. The method parameters
such as LOD (0.05 ng/g) and LOQ 0.2 ng/g, were excellent. [217].
In the current study, the occurrence level of ochratoxin A, is lesser as compared
to previous studies conducted in Europe, where the contamination ranged between 60
– 90 % [218-220]. But the studies conducted in Canada and Turkey, similar findings
were disclosed [217, 221]. Whereas, the contamination levels are also higher, as
compared to some of the other research reports, which observed mean OTA levels of
0.27 µg/kg, having LOD and LOQ 0.066 and 0.132 µg/kg, respectively [219]. In other
methods, higher LOD (0.11 µg/kg) and LOQ (0.37 µg/kg) were reported [218], and
mean levels of contamination falls between 0.01 - 0.38 µg/kg, depending upon the type
of cereal analysed [217].
In the undertaken study on rice, around 38% samples exhibit the OTA above
the maximum permitted limit (10 µg/kg), whereas a French study reported 16% of
samples with OTA levels higher than 3 µg/kg with LOD and LOQ of 0.05 and 0.2
µg/kg, respectively [220]. The contamination level variations can be correlated to the
differences in origin and year of harvest of the produce that may effect on the content
of mycotoxins [222].
It has been recognized that the contamination level of mycotoxins in cereals
could be mainly due to the inappropriate storage conditions [223]. The exposure of rice
to rains and floods followed by inappropriate storage conditions resulted in the
occurrence of higher level of AFs contamination [224]. Similarly, Toteja et al. [225]
have conducted systematic studies on hulled rice stored improperly in urban and rural
areas. This rice was found to be highly contaminated with AFs, ranging from 60-600
µg/kg [225]. The higher occurrence of mycotoxins in rice and maize from Pakistan, can
be due to the climatic conditions. Because the maize and rice are usually grown during
hot and humid weather conditions, especially during the moon soon and post moon
soon seasons in Pakistan. These conditions support the fungus to grow on cereals and
induce the significant production of mycotoxins. It may be important to mention here
that, in rural areas, people usually store the cereals in mud-bins, which are likely to
absorb moisture during rainy seasons, thereby providing the ideal conditions to the
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Aspergillus growth. The present ﬁnding may be very helpful to the food related
agencies and law enforcement divisions to devise their future strategies to mitigate this
mycotoxin contamination in important cereal stocks. The ﬁndings of the current can
also support the local farmers and general public to implement safety measures to
improve storage conditions of food materials.

Conclusions
This study reported the high occurrence of AFs and OTA contamination level in rice,
maize and maize products samples collected from three main districts (Faisalabad,
Sahiwal and Gujranwala) of Punjab, Pakistan. The study demonstrate that rice is the
cereal, which was found to be contaminated with AFs and OTA. Almost 18, 13 and
14% of the total analysed samples of rice, maize and maize products contain the AFB1
above the permissible level. Considering the total aflatoxins contents, 28, 14 and 20%
of the samples, respectively, were found to be above the permissible level. Moreover,
in case of OTA 40, 14 and 15% of the samples of rice, maize and maize products were
found to be above the permissible limit. Our findings suggest that the surveillance may
be conducted on a continuous basis to estimate the contamination level and
consequently to avoid any health hazards associated with mycotoxins. Additionally,
apart to improve the storage conditions, attention may be given to investigate more
resistant cereal varieties, which could naturally minimize the mycotoxins
contaminations.

59

4

Comparison of Maize Varieties for
Aflatoxin Contamination

Summary
In recent past, cultivation of high yielding hybrid varieties has revolutionized maize
production in Pakistan. Surveillance of aflatoxins (AFs) contamination in these
varieties can contribute to the identification of susceptible and resistant varieties
particularly for cultivation in Pakistani agro-climatic environment. Five maize varieties
(Pioneer, Neelam, DK-919, Desi and Hi-Corn) were selected for aflatoxins analysis.
The maximum level of total AFs 14.5±0.12 µg/kg was found in Desi variety and results
showed that the most dominant AF found in maize varieties was AFB1. The results are
useful to investigate the maize varieties that are more resistant to fungal attack.

Introduction
Maize is the third most important staple crop, besides wheat and rice. Pakistan is ranked
16th in the top maize producing countries globally. Maize is the only cereal crop in
Pakistan that is cultivated twice a year. In the year 2000, Pakistan produced 1,643,200
Metric Tonnes (MT) of maize, which increased substantially with 89% growth rate to
3,109,600 MT in next five years. The maize production boom in Pakistan continued
during the subsequent years, reaching the figure of 4,631,000 MT in the year 2012, with
a net rise of around 50% as compared to the production in 2005 [226]. The cultivation
of hybrid and high yielding varieties are the major contributing factor in flourishing the
maize production.
Globally, maize is being extensively used to produce poultry feed [227]. Last
ten years have seen almost 124% increase in the production of poultry products in
Pakistan, primarily due to the availability of cheap feed from maize [228]. In addition
to the poultry feed and silage applications, maize has several specialized uses as an
industrial raw material to produce maize oil, sugar syrup, dry dextrose, starch, and biofuel. The starch, protein and oil content of maize, as compared to other cereals, have
considerably higher amounts of carotenoids and tocopherols [229].
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Previous studies have shown that maize is highly susceptible to mycotoxins
[230]. The high yielding hybrid varieties generally have compromised defence system
and are more prone to be attacked by the mycotoxin producing fungi [231]. It has
previously been shown that commercial hybrid varieties are susceptible to aflatoxin
contamination [232]. During both cropping seasons the temperature falls to around 28
ºC and humidity levels rise above 50%. Therefore, maize cultivation in Pakistan is
generally conducive for proliferation of aflatoxins producing Aspergillus species; A.
Flavus and A. parasitic [47]. Aflatoxins (AFs), especially aflatoxin B1 (AFB1) is a
potent liver carcinogen for human beings [18]. Maximum residual limit (MRL) for
AFB1 and total AFs set by European Commission in maize are 2 and 4 µg/kg for readyto-eat products, while those for raw products are 5 and 10 µg/kg, respectively [117,
119].
Identification of the maize varieties suitable for climatic conditions of Pakistan
having good nutritional profiles and resistance against aflatoxin contamination will
generally be more beneficial economically for local farmers, consumers as well as for
food exporters. In the current study, five short-season maize varieties commercially
grown in Pakistan were analysed for aflatoxin contamination. Aflatoxin analyses were
carried out using a method developed and validated on LC-MS/MS. The results will be
beneficial for the invention of new resistant maize varieties in Pakistan.

Materials and Methods
4.2.1 Sampling
Sampling details followed in this study are described in detail in Section 2.3.3 in
Chapter 2.

4.2.2 Sample Preparation for Aﬂatoxins Analysis
Extraction and clean-up for the analysis of aflatoxins were carried out as defined in
Section 2.4.1 in Chapter 2.

4.2.3 HPLC-MS/MS Conditions
Mass spectrometric and chromatographic conditions used for the confirmation and
quantification of aflatoxins are described in Chapter 2 under Section 2.5.2.
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4.2.4 Validation of Analytical Method
The validation procedure for the analysis of aflatoxins was followed as explained in
Chapter 2 Section 2.6.2.

4.2.5 Statistical Analysis
The results were presented as mean ± SD. The coefficient of determination (R2) was
calculated by regression/correlation analysis. To examine the significant difference in
different maize varieties with respect to aflatoxin contamination levels ANOVA was
applied using SPSS software.

Results and Discussion
The developed analytical method has been validated by in-house quality control
procedure. All of the four tested aflatoxins were successfully chromatographed using
HPLC and MS conditions (Figure 4.1). Parameters taken into account were: linearity
of instrument, apparent recovery, limit of detection and quantification (LOD & LOQ),
inter-day repeatability and intra-day reproducibility. Aflatoxins were quantified using
13

C labelled AFB1 as an internal standard and determining the response with matrix-

matched calibration curves ranging from 0.25-50 µg/kg. Percentage recovery
experiments were carried out by spiking the samples at 2.5 and 5 µg/kg concentration
of each AF. The recoveries of all analytes were found to be in the range of 81 to 92%
with % RSD values varying from 1.96 to 3.79 as shown in Table 4.1. The method
sensitivity was described as LOD and LOQ that were determined as signal-to-noise
(S/N) ratio of 3 and 10, respectively (Table 4.1). The precision of method was expressed
as repeatability and reproducibility at two concentration levels on the same day with
three replicate analyses of the spiked samples and repeating the same set of analyses
for five days.
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Figure 4-1

The HPLC-MS/MS analysis of aflatoxin standards.

Aflatoxin contamination of maize grains along with maize products in Pakistan
has previously been reported in multiple studies [47, 49, 223]. However, to the best of
our knowledge, relative aflatoxin resistance or sensitivity of maize varieties grown in
Pakistan has not yet been studied. Identification of aflatoxin resistant maize varieties
can significantly contribute to improve food safety profiling of this cereal crop [233].
Unavailability of high-quality and reliable analytical methods has been the major
shortcoming obstructing such research ventures.
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Table 4.1

Mycotoxin

AFB1

AFB2

AFG1

AFG2

Aflatoxins analytical performance parameters estimated in maize
samples.
Spiked
Conc.
µg/kg

Measured

Recovery
(%)

2.5

2.3 ± 0.08

91

10

9.2 ± 0.25

92

2.5

2.2 ± 0.05

86

10

8.7 ± 0.17

87

2.5

2.2 ± 0.07

89

10

9.0 ± 0.22

90

2.5

2.0 ± 0.08

81

10

8.2 ± 0.20

82

Linearity
(µg/kg)

LOD
µg/kg

LOQ
µg/kg

X ± SD

Precision
RSDr RSDR
(%)a (%)a

0.25-50

0.05

0.15

4

8

0.25-50

0.05

0.15

2

12

0.25-50

0.1

0.3

2

12

0.25-50

0.1

0.3

5

10

a

Intra-day repeatability (RSDr), inter-day reproducibility (RSDR), is given as mean percent relative standard
deviation, LOD = limit of detection, LOQ = limit of quantification, LOQ = LOD x 3; X= mean measured
S.D = standard deviation; ab Repeatability and reproducibility are given as mean percent RSD.

The results of aflatoxins contamination in selected maize varieties are
represented in Table 4.2. The highest mean level of 14.5± 0.12 µg/kg of AFs was
observed in Desi maize variety while the lowest mean level was found in Hi-corn
variety i.e. 2.7± 0.17 µg/kg. Aflatoxin contamination levels of various maize varieties
as determined in the present study (2.7-14.5 µg/kg) were lower compared to an earlier
report [234]. Moreno et al. [234] showed that the levels of aflatoxin contamination in
300 freshly harvested pre-dried maize samples ranged between 10-56 µg/kg and 12-52
µg/kg in 2003 and 2004, respectively. In our case the total aflatoxin levels were also
found to be lower than those reported earlier (50 µg/kg) [223].
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Table 4.2

Aflatoxins analysis (mean ± SD) of the representative samples of
different maize varieties

Maize
Varieties

AFB1

AFB2

AFG1

AFG2

Total AFs

Neelam

11.65 ± 0.1

1.0 ± 0.02

0.38 ± 0.02

ND1

13.03b ± 0.06

Pioneer

10.5 ± 0.01

1.45 ± 0.03

0.46 ± 0.03

0.3 ± 0.05

12.71b ± 0.28

DK-919

6.61 ± 0.07

3.54 ± 0.22

0.38 ± 0.05

ND

10.53b ± 0.34

Desi

14.5 ± 0.02

ND

ND

ND

14.5b ± 0.12

Hi corn

2.7 ± 0.05

ND

ND

ND

2.7a ± 0.17

Mean ± standard deviations; Mean = μg/kg; 1: ND = not detected. Different letters (a, b, c, d) in column
represent significant difference among maize varieties at P ˂ 0.05.

Conclusion
The validated method based on clean–up with immunoaffinity column followed by a
liquid chromatographic separation, mass spectrometry detection and confirmation for
the determination of aflatoxins in maize samples showed good results in terms of
apparent recovery, linearity, limit of quantification, limit of detection, accuracy and
precision. Among many factors that are likely to be responsible for the differences in
contamination levels of aflatoxins in maize varieties, variable genetic make-up and their
ability to produce antioxidants like tocopherols could be considered to be important.
From the conducted study, it was found that Hi-corn (double cross hybrid) showed
significant resistance to A. flavus and aflatoxin contamination as compared to local open
pollinated variety (Desi), synthetic hybrid (Neelam) and single cross hybrid varieties
(Pioneer 238321 & Monsanto DK-919).
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5

Multi-Mycotoxin Contamination in
Pakistani Cereals

Summary
The occurrence of 22 mycotoxins in rice (n = 186), wheat (n = 124) and maize (n=182)
samples collected from North and South regions of Punjab province, Pakistan was
determined using LC-MS/MS method after validation for these cereals. The
contamination data showed that aflatoxin B1 (AFB1), aflatoxin B2 (AFB2), nivalenol
(NIV), diacetoxyscirpenol (DAS), fumonisin B1 (FB1), ochratoxin-A (OTA),
deoxynevalenol (DON), HT-2 and zearalenone (ZEA) were found in 60%, 49%, 26%,
24% 40%, 6%, 9%, 8% and 15% of rice samples, respectively. The results showed that
maize samples were contaminated with AFB1 (63%), AFB2 (47%), NIV (15%), DON
(9%), 3-ADON (4%), 15-ADON (3%), DAS (36%), FB1 (55%), FB2 (50%), FB3 (34%),
OTA (10%), ZEA (14%), STREG (20%) and ROQ-c (12%). While in wheat the
observed toxins percentage contaminations were of 43% (AFB1), 41% (AFB2), 15%
(NIV), 21% (DON), 29% (FB1), 18% (FB2), 12% (FB3), 11% (OTA), 8% (HT-2), 6%
(T-2 toxin), and 20% (ZEA). Aflatoxin B1 was found to be the most prevalent
mycotoxin in all the cereals. Furthermore, highest levels and percentage of mycotoxins
contamination were observed in maize followed by rice samples.

Introduction
Mycotoxins are naturally occurring toxic secondary metabolites produced by fungal
species belonging to Aspergillus, Alternaria, Penicillium, Fusarium and Claviceps
genera and several others. Mycotoxins can be nephrotoxic, immunosuppressive,
carcinogenic and teratogenic. Trichothecenes, aflatoxins (AFs), alternaria toxins,
fumonisins (FBs), ochratoxin-A (OTA), and zearalenone (ZEA), are the most important
classes of mycotoxins, causing a great variety of toxic effects in humans as well as in
animals. Moreover, significant economic losses (25%) occur in global agricultural
commodities due to mycotoxin contamination [97].
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Rice (Oryza sativa L.) is one of the important source of human calorie intake,
and is serving as a staple food in many countries [235]. Rice is one of the main crops
of Pakistan with an annual production of 6.64 million ton rice and it exports about 60
percent of its annual production [236]. Rice, being cultivated in more aquatic conditions
and high moisture levels, is prone to be infected by mould and subsequent mycotoxin
contamination. Also inappropriate storage and climatic conditions such as floods and
heavy rainfall at the time of harvest aggravate the situation. Sun drying process of rice,
usually practiced by the farming community, is insufficient to reduce the moisture
contents thus making the grains more prone to fungal attack [223, 224].
Maize (Zea mays L.) is one of the widely cultivated crop at global level;
however, only 15 % of the maize is consumed as human food with rest of the grain
being used in animal feed [235]. Maize is one of the main crops of Pakistan with an
annual production of 5.2 million ton maize [236]. Maize grain is good substrate for
mycotoxin production mostly by Aspergillus parasiticus, A. flavus, Fusarium
graminearum, F. verticillioides and Penicillium spp. Moisture level during storage of
maize is very important for fungal growth and thus toxin production [9].
Wheat (Triticum spp.) is among the most widely used staple food grains around
the world. In the year 2016/2017, Pakistan wheat production is 25.3 million ton [236].
In 2010, average global per capita consumption of wheat was 66 kg/year and it is the
second most important source of calories in humans. Notably, the per capita
consumption of wheat in many developing countries, including the South Asian region,
has been steadily increasing over the past 50 years [235]. Therefore, contamination of
wheat and wheat products with mycotoxins poses a risk of enormous level.
Toxic effects caused by mycotoxins in animals and human are called as
mycotoxicosis. The severity depends on many factors, especially the toxicity,
mycotoxin contamination level, age and health status of the individual along with
possible synergistic effects of other chemicals faced by the person [237]. These toxic
effects include acute level malfunctioning or deterioration of liver and/or kidney,
chronic effects such as liver cancer, mutagenic, as well as teratogenic, inducing the
symptoms, which can range from skin irritation to immunosuppression, neurotoxicity,
birth defects, and death [238]. More than 80% of hepatocellular carcinoma arise in lowincome countries, representing the high risk factors such as the dietary exposure of
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aflatoxin exposure, along with and without the chronic infections of hepatitis B (HBV)
and hepatitis C (HCV) viruses [239]. Aflatoxins, especially the B1 (AFB1) are proved
to be the human carcinogens. Trichothecenes, especially the deoxynivalenol (DON) and
aflatoxins, especially the AFB1, are involved to induce the immunosuppressive effects.
Whereas, the fumonisin B1 (FB1) may contribute to the development of neural tube
defects. OTA exposure cause the renal dysfunction, which is a significant problem,
especially in the individuals having diabetes related ailments [18, 32].
To reduce the risk of mycotoxins consumption, legislative measures in different
countries (Europe, Japan, Korea and China), have been put in place to setup the
maximum limits (ML) for the presence of different mycotoxins in food and feed
materials. European Commission has developed the regulatory limits for mycotoxins in
cereals grain ready to use by the consumers: aflatoxin B1 (2 µg/kg), total AFs (4 µg/kg),
OTA (3 µg/kg), DON (750 µg/kg), ZEA (75 µg/kg) and sum of T-2 toxin and HT-2 (50
µg/kg). For unprocessed cereal grains the maximum limits of 5 µg/kg for AFB1, 10
µg/kg for the sum of aflatoxins (AFs), 5 µg/kg for OTA, 1250 µg/kg for DON, 100
µg/kg for ZEA and 100 µg/kg for sum of T-2 toxin and HT-2, have been established
[117, 118, 121].
Previous studies on rice contamination with mycotoxins from Pakistan, are
mostly restricted to AFs and OTA contaminations [42, 43, 45-47, 240]. While the rice
contamination with many types of the mycotoxin, is reported worldwide [241, 242].
Similarly, the studies on mycotoxin contamination in wheat originating from Pakistan,
focused mainly on aflatoxin [46, 48, 243], only two studies included ochratoxin-A and
zearalenone in addition to aflatoxins appeared in literature [50-52]. Contamination of
Pakistani maize with aflatoxins [46, 48, 49, 244] and co-contamination of AFs and OTA
have been reported previously [47]. Maize and maize products used in Pakistani
breakfast, were studied for contamination of AFs, ZEA and OTA [50, 52]. Also, one of
the studies investigated prevalence of 14 mycotoxins in maize samples collected from
major maize growing areas of Punjab and Khyber Pakhtunkhwa provinces using Highperformance thin-layer chromatography (HP-TLC) technique [53]. However, none of
the comprehensive studies on cereals covering the multiple mycotoxins analysis using
confirmatory analytical techniques, has been reported so far.
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The aim of this work was to study the co-occurrence of the multi-mycotoxins
(n = 22) in the cereal samples (rice, wheat and maize), collected from different regions
of the Punjab province of Pakistan, using liquid chromatography hyphenated with
tandem mass spectrometric confirmatory analytical technique. To the best of our
knowledge, no data on simultaneous presence of aflatoxins, OTA, fumonisins, DON,
15-ADON, 3-ADON, NEO, FX, NIV, DAS, HT-2, T-2 toxin, STREG, ROQ-c, ZEA,
AOH and AME in cereal samples from Pakistan, have been published so far using LCMS/MS.

Materials and Methods
5.2.1 Standards Stock and Working Solutions
Detailed description of mycotoxin standard stock and working solutions is given in
Chapter 02 under the Section 2.2.

5.2.2 Sampling
This study was conducted on rice, wheat and maize samples, collected from two regions
(North and South) of Punjab, Pakistan. Detailed description of sample collection is
given in Chapter 02 under the Section 2.3.2. A brief summary of samples is given in
Table 5.1.
Table 5.1

Details of sampling from South and North Punjab, Pakistan.
Regions
South Punjab

North Punjab

Total

Sample type
Rice
Maize
Wheat
Rice
Maize
Wheat

Sample number
94
91
62
92
91
62

Rice

186

Maize

182

Wheat

124

5.2.3 Sample Preparation
The sample extraction methodology was followed as described by Monbaliu et al. [65].
Detailed protocol has been illustrated in Section 2.4.3 of Chapter 2.
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5.2.4 Analysis by HPLC-MS/MS
Mass spectrometric and chromatographic conditions used for confirmation and
quantification of multi-mycotoxin by LC-MS/MS are demonstrated in Chapter 2 under
Section 2.5.3.

5.2.5 Validation of Analytical Method
A set of analytical method performance characteristics, required to comply EU
Commission

Regulation

EC/401/2006,

were

evaluated

[198].

De-epoxy-

deoxynivalenol (DOM) and zearalanone (ZAN) were used as internal standards in the
multi-mycotoxin analysis to compensate the matrix effects and the losses occurred
during extraction and clean-up process. The validation procedure is followed as
describe in Chapter 2 Section 2.6.3.

5.2.6 Statistical Analysis
All the calculations were executed in Excel 2010. The mean data together with standard
deviation (SD) were mostly stated. The coefﬁcient of determination (R2) was estimated
by correlation/regression analysis. The formulae (5.1-5.4) was used for calculation of
expanded measurement of uncertainty (U) according to ISO/TS 21748 [245].
Significant differences in mycotoxins contamination levels between two regions (SP
and NP), were determined by non-parametric Kruskal-Wallis one way ANOVA test
due to non-normal distribution of data.
U = k * uc

(5.1)
k = coverage factor = 2
uc = combined uncertainty

uc = √ubias 2 + u(RW)2

(5.2)
ubias = uncertainty of the bias
u(RW) = uncertainty of precision

ubias = √RMSbias 2 + u(spiking)2 + u(Cref, spike)2

(5.3)

RMSbias = root mean square of the bias
u (spiking) = the uncertainty due to the spiking procedure
u (Cref, spike) = the uncertainty on the reference value of the spike
u (RW)=SR

(5.4)
SR = within – laboratory reproducibility
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Results and Discussion
5.3.1 Validation of Analytical Method
The validation parameters were calculated from the relative peak area, using DOM as
internal standard for NIV, DON, FUS-X, NEO, 2-ADON, 15-ADON, HT-2, T-2 and
DAS, while ZAN for the rest of the analytes. Method validation was performed in terms
of linearity, LOD, LOQ, % apparent recovery, repeatability, reproducibility and
expanded measurement of uncertainty (Table 5.2 & 5.3). The specificity was checked
by running 20 blank cereal samples of each matrix on LC-MS/MS. No interfering peaks
were observed at the retention times of all the analytes.

Figure 5-1

Overlay chromatogram of mycotoxins analyse in cereals.

Blank cereal samples were spiked at five calibration levels for each compound,
and calibration curves were prepared each day in triplicate for four validation days.
Matrix-matched calibration curves fitted by linear regression showed a co-efficient of
determination (R2) ranging from 0.980 to 0.999. Mean recoveries for all the analytes
were found to be in the range of 78.1 to 112% (Table 5.3). The relative standard
deviation, calculated under intra-day repeatability (RSDr) and inter-day reproducibility
(RSDR) conditions, ranged from 3 to 16% and 6 to 22%, respectively. The LOD values
of all the mycotoxins, ranged from 0.5 to 55 µg/kg. The LOQs for all the toxins ranged
from 1.5 to 110 µg/kg (Table 5.2). The expanded measurement uncertainty ranged from
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2.01 to 36.5%. Matrix-matched calibration curves were used for the calculation of LOD
and LOQ. Contrary to the original method [65], low LOD and LOQ values were
obtained as lower calibration levels were used in the current method. The ion ratios of
the qualifier and the quantifier ions were also monitored to successfully qualify the EU
criteria to confirm the positive identification of a compound. The validation results of
the current multi-mycotoxin method matched with the required European Commission
Performance Criteria EC 401/2006 [198].
Table 5.2
Limits of detection (LOD) and limits of quantification (LOQ),
linearity range and co-efficient of determination (R2) of all the mycotoxin analyse
in rice, maize and wheat.
Mycotoxin Range

Rice
LOD LOQ R2

Maize
LOD LOQ R2

Wheat
LOD LOQ R2

AFB1
AFB2
AFG1
AFG2
OTA

1.0-20
1.0-20
1.0-20
1.0-20
2.5-20

0.5
0.5
0.5
0.5
0.75

1.0
1.0
1.0
1.0
2.5

0.994
0.995
0.996
0.994
0.994

0.7
0.7
0.7
0.7
0.75

1.4
1.4
1.4
1.4
2.5

0.994
0.995
0.991
0.994
0.994

0.6
0.6
0.6
0.6
0.75

1.2
1.2
1.2
1.2
2.5

0.991
0.991
0.991
0.993
0.992

NIV
DON
15-ADON
3-ADON

16-200
38-800
19-50
32-100

8
19
9
16

16
38
19
32

0.999
0.992
0.995
0.998

10
20
10
17

20
40
20
34

0.991
0.991
0.995
0.998

9
20
9
16

18
40
19
32

0.991
0.993
0.992
0.991

DAS

6-40

3

6

0.996 5

10

0.995

4

8

0.991

NEO

24-200

12

24

0.996 15

30

0.992

13

26

0.992

FX
HT-2
T-2 toxin
ROQ-c
STREG
FB1
FB2
FB3
AOH
AME
ZEA

18-400
26-100
44-100
8-40
18-100
26-800
34-800
105-800
44-200
22-400
13-250

9
13
22
4
9
13
17
53
22
11
7

18
26
44
8
18
26
34
105
44
22
13

0.993
0.996
0.993
0.993
0.995
0.994
0.993
0.995
0.997
0.991
0.998

22
28
45
10
20
28
36
110
50
24
18

0.993
0.996
0.993
0.993
0.995
0.994
0.991
0.991
0.992
0.991
0.991

10
13
22
4
9
14
17
54
23
12
8

20
26
44
8
18
28
34
108
46
24
16

0.981
0.991
0.991
0.993
0.990
0.991
0.991
0.991
0.992
0.991
0.991

11
14
23
5
10
14
18
55
25
12
9

Abbreviation: AFB1, B2, G1, and G2 = aflatoxin B1, B2, G1 and G2; OTA= ochratoxin-A; NIV = Nivalenol;
DON = deoxynivalenol; 15ADON = 15-acetyl-deoxynivalenol; 3ADON = 3-acetyl-deoxynivalenol;
DAS = diacetoxyscirpenol; NEO = neosolaniol; F-X = fusarenon-X; HT-2 = HT-2 toxin; T-2= T-2 toxin;
ROQ-c = roquefortine-c; STERIG = sterigmatocystine; FB1, B2, and B3= fumonisin B1, B2, and B3; AOH
= alternariol; AME = alternariol methylether; ZEA = zearalenone.
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Table 5.3
Mycotoxin

AFB1

AFB2

AFG1

AFG2

OTA

NIV

DON

Intra-day repeatability (RSDr), inter-day reproducibility (RSDR), apparent recovery (%) and expanded
measurement uncertainty (U) of the individual mycotoxins for the rice, maize and wheat matrix.

Fortified
level
(µg/kg)

Rice

Maize

Wheat

RSDr
%

RSDR
%

Recovery
(%)

U
(%)*

RSDr
%

RSDR
%

Recovery
(%)

U
(%)*

RSDr
%

RSDR
%

Recovery
(%)

U
(%)*

5

7

13

100

16.46

9

15

98.4

17.64

8

14

99.3

17.23

10

5

9

100

9

7

11

102

11

6

10

101

10

20

4

7

98.9

9.12

5

8

96.3

11.21

4

7

97.6

10.06

5

7

15

101

11.94

8

16

103

13.49

8

16

102

12.42

10

5

12

101

5

7

14

100

7

6

13

101

6

20

3

7

99.6

3.79

4

8

97.4

5.97

3

7

98.3

4.35

5

6

18

101

12.86

7

20

103

14.68

7

19

102

13.43

10

4

12

101

7

6

14

103

9

5

13

102

8

20

3

6

101

8.73

4

8

103

10.37

3

7

102

9.31

5

7

15

101

8.16

8

16

103

10.61

7

15

102

9.08

10

5

13

100

7

7

15

102

9

6

14

101

8

20

4

7

100

3.53

5

8

98.4

5.35

5

8

99

4.12

3

14

19

101.2

14.23

16

21

103.2

16.32

15

20

102.2

15.41

6

9

13

100

11

11

15

102

13

10

14

101

12

12

5

11

100.3

2.23

6

13

98.4

4.31

5

12

99.4

3.06

50

7

16

99.7

4.44

8

18

97.3

6.22

8

17

98.3

5.64

100

7

13

100

3

7

15

99

5

7

15

101

4

200

4

8

100

2.62

5

9

97.7

4.26

4

8

99.4

3.71

100

7

15

102

7.49

8

17

104

9.94

8

16

103

8.67

200

6

10

99

5

7

12

101

7

7

11

100

6
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15-ADON

3-ADON

DAS

NEO

FX
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8
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9
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6
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5
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* With a maximum error limit of 20%, and a β-tolerance interval of 0.85. AFB1, B2, G1, and G2 = aflatoxin B1, B2, G1 and G2; OTA= ochratoxin-A; NIV = Nivalenol;
DON = deoxynivalenol; 15ADON = 15-acetyl-deoxynivalenol; 3ADON = 3-acetyl-deoxynivalenol; DAS = diacetoxyscirpenol; NEO = neosolaniol; F-X = fusarenonX; HT-2 = HT-2 toxin; T-2= T-2 toxin; ROQ-c = roquefortine-c; STERIG = sterigmatocystine; FB1, B2, and B3= fumonisin B1, B2, and B3; AOH = alternariol; AME
= alternariol methylether; ZEA = zearalenone.
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5.3.2 Mycotoxins Level in Rice
The validated method was further used to investigate the incidence and content of
mycotoxins in the collected rice samples. The levels of contamination of mycotoxins in
NP and SP were shown in Figure 5.2. The results of occurrence and levels of
mycotoxins in all positive rice samples are summarized in Table 5.4. Overall, in rice,
the frequency of contamination of samples with AFB1 and AFB2 were 60% and 49%,
respectively, within the concentration ranges of 1.0-40.0 µg/kg and 1.0-9.2 µg/kg,
respectively. AFG1 and AFG2, however, were not detected in the tested samples.
Results indicated that FB1 was found in 40% (level range from 26 to 75 µg/kg) and
ZEA in 15% (level range from 13 to 114 µg/kg) of the collected samples. OchratoxinA was detected in 6% of the samples within a concentration range of 2.5-24 µg/kg.
Trichothecenes including DON, NIV, HT-2 and DAS occurred in 9, 26, 8, and 24%
samples, respectively, and were found in the range of 38.0-115.0, 16.0-116.7, 26.0-32.0
and 6.0-12.5 µg/kg, respectively. Overall, 78% samples were contaminated with at least
one mycotoxins, while 57% samples were contaminated with more than one
mycotoxins. The co-occurrence of these specific toxins can be taken into account in the
design of future toxicity studies to examine the impact on animal and human health. In
49% of the samples, AFB1 and AFB2 co-occurred. In 21% of the samples the cooccurrence of mycotoxins produced from Fusarium and Aspergillus moulds was
observed.
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Table 5.4

Descriptive statistics of contamination levels (µg/kg) in positive rice samples (n=186) and incidence rate (%) of
different mycotoxins.
Mycotoxin
AFB1
AFB2
OTA
DON
NIV
DAS
HT-2
FB1
ZEA

Average
9.6
3.9
10.2
76.1
52.3
6.6
26.8
57.5
55.4

Minimum
1.0
1.0
2.5
38.0
16.0
6.0
26.0
26.0
13.0

Maximum
40.0
9.2
24.0
115.0
116.7
12.5
32.0
75.1
114.5

P50
7.2
2.8
9.0
77.0
54.4
6.0
28.4
58.2
47.9
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P75
14.0
4.2
11.0
77.0
75.0
6.8
30.0
62.5
51.3

P90
16.6
8.2
11.0
88.2
97.0
7.2
30.7
63.6
71.8

P95
18.0
8.4
17.5
107.0
112.7
7.5
31.4
67.6
114.5

% occurrence (n)
60 (112)
49 (91)
6 (11)
9 (17)
26 (49)
24 (44)
8 (14)
40 (74)
15 (28)
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Comparison of mycotoxins contamination levels in rice
samples of SP and NP

Mean concentration (µg/kg)

100
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40

20
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NIV DON DAS

HT2

FB1

ZEN

Mycotoxins

Figure 5-2
Comparison of mycotoxin contamination in rice
Mean contamination levels of different mycotoxins in positive rice samples of both
regions (NP: North Punjab; SP: South Punjab).
Natural occurrence of multi-mycotoxins in rice have been studied in many
regions of the world as reviewed previously [241, 242]. The present work is the first
study on multi-mycotoxins survey in rice from Pakistan. This work investigate the
incidence of all the major Aspergillus, Fusarium as well as minor Alternaria
mycotoxins in rice using LC-MS/MS. In previous studies, information related to the
traditional mycotoxins such as aflatoxins and ochratoxin-A in Pakistani rice, was only
reported [42, 43, 45-47, 240]. Similar findings were reported on occurrence of AFB1
and OTA in Pakistani rice earlier [43, 47]. A previous study on Pakistani rice (n=62)
recorded that 47% and 37% of samples contained AFB1 and OTA in a concentration
range of 0.04-21.3 and 0.6-25.4 µg/kg, respectively [43]. Furthermore, the results from
our previous study demonstrated that 56 and 50% of rice samples were positive for
aflatoxins and OTA, with level of contamination ranging from 0.05 to 24 and 0.06 to
15 µg/kg, respectively [47].
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Contamination of rice with multiple mycotoxins has been reported in other
countries as well [224, 246-250]. A high incidence of multiple mycotoxins was found
in the Nigerian, Turkish, Chinese and Indian rice [224, 247, 249, 253]. The study
showed 100% frequency of positive samples (n=21) for AFs in the Nigerian rice. The
level of AFB1 and AFB2 was in the range of 4.1-309 µg/kg (37.2 µg/kg mean level) and
1.3-24.2 µg/kg (mean level of 8.3 µg/kg), respectively. OTA level was in the range of
0-341.3 µg/kg in 67% samples with a mean level of 141.7 µg/kg, while ZEA have been
prevalent in 52% samples with a mean level of 10.6 µg/kg (in the range of 0-41.9
µg/kg). The contamination level for DON was in the range of 0-112.2 µg/kg in 24%
samples (mean 18.9 µg/kg). Moreover, 14% samples were positive for FB1 in the range
of 0.4-4.4 µg/kg with a mean of 0.2 µg/kg [249]. The levels of AFs and OTA
contamination in Turkish rice were found to be in the range of 0.05 to 21.4 and 0.025
to 80.7 µg/kg with a 58 and 72% incidence rate, respectively [247]. The data from an
Indian study revealed the contents of AFB1 were accounted in the range of 0.1 to 308
µg/kg in 68% rice samples (n = 1600) [224]. Also, a study on Chinese rice (n=29)
showed higher frequency of contamination of AFB1 (100%) and FB1 (89.6%) with the
concentration level ranging from 0.1-1.4 and 0-500 µg/kg, respectively [253].
Some studies also reported lower contamination levels of mycotoxins in rice in
different countries as compared to the present study [246, 248, 252, 254-258]. A study
on rice samples (n = 9) from Qatar, observed the levels of AFs in the range of 0.14-0.24
µg/kg, and OTA in the range of 1.65-1.95 µg/kg. The level of DON found in one sample
was 142.31 µg/kg, and the level of ZEA was from 0.18 to 1.41 µg/kg [246]. Huong et
al. [252] reported AFs (24.3%) and FB1 (8%) in rice samples (n = 111) from Vietnam
with 3.89 and 69.37 µg/kg mean level of contamination. Similarly, a study by Sun et
al. [254] showed presence of DON (63.4%) in Chinese rice samples (n = 41) with mean
level of 11.8 µg/kg. Also, 38% samples of Brazilian rice (n = 202) were found to be
contaminated with aflatoxins with mean level of 3.5 µg/kg [255]. In another study
conducted on US rice samples, the range of contamination was 1.4-55 µg (DON), 5.9
µg (AFB1), 1.1-5 µg (AFB2), 1.3-1.4 µg (OTA), 9 µg (ZEA) and 1.1-3.6 µg (T-2 toxin)
per kilogram of rice (n = 20) with 35% (DON), 5% (AFB1), 20% (AFB2), 10% (OTA),
5% (ZEA), and 15% (T-2 toxin) frequency of contamination [258]. A survey of rice
samples (n = 199) sold in Canada revealed that 50%, 22% and 8% of rice were
contaminated with AFB1, OTA and FB1, respectively. The concentration levels of
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AFB1, OTA and FB1 were lower as compared to present study, ranging between 0.0027.1 µg/kg, 0.05-0.49 µg/kg and 0.7-14 µg/kg, respectively [248]. A study on rice
samples (n = 58) from Turkey demonstrated that 5.3% of them were contaminated with
OTA in range of 0.74-0.98 µg/kg [256]. Similarly, a study from US showed thirteen
percent rice samples (n = 54) contaminated with OTA (in range 0.5-1.5 µg/kg) [257].
In the present study, higher incidence of Aspergillus toxins was observed in
comparison to Fusarium mycotoxins. However, in Korean brown rice, opposite trend
was reported, as the frequencies of AFs, ZEA, NIV and DON were 7.5%, 84%, 29%
and 1.3%, respectively. While, the levels of contamination were estimated from 0.7 to
2.7 µg/kg (AFs), from 4.2 to 201.3 µg/kg (ZEA), from 7.7 to 349 µg/kg (NIV) and 43.2
µg/kg (DON) [250]. Similarly, multiple mycotoxin contamination was found in rice
samples (n = 100) from Mediterranean countries (Spain, Italy, Morocco and Tunisia).
The frequency of contamination of NIV (52%) was much higher compared to our study
results, while it was 3% DON, 2% AFs, 4% DAS, 2% FB2, 4% HT-2, 7% T-2 toxin,
1% OTA and 3% BEA, respectively [251].

5.3.3 Mycotoxins Level in Maize
A total of 182 maize samples were studied for mycotoxins contamination (Table 5.5).
The observed toxin concentrations were found to be in the range of 1.4–81.9 µg AFB1,
1.4-31 µg AFB2, 20–135.1 µg NIV, 40–358.8 µg DON, 34-64 µg 3-ADON, 20-55 µg
15-ADON, 10-81.5 µg DAS, 28-1450 µg/kg FB1, 36-1050 µg FB2, 110-405 µg FB3,
2.5-51 µg OTA, 20-44.5 µg STREG, 10-56 ROQ-c and 18-202 µg ZEA per kg of
maize. The levels of contamination of all mycotoxins in both regions were compared
in Figure 5.3. The results showed that overall 82% samples were contaminated with at
least one mycotoxin, while 75% of the samples were found to be contaminated with
more than one mycotoxins. The co-occurrence of AFB1 and AFB2 was spotted in 47%
samples, while in 37% samples the co-occurrence of mycotoxins produced from
Fusarium (FBs) and Aspergillus (AFs) moulds was observed.
Contamination of maize with mycotoxins (mostly the aflatoxins) in Pakistan,
has been extensively studied [46-49, 52, 53, 244]. A study reviewed that maize samples
from Pakistan were having aflatoxin contamination with average mean value of 30.39
μg/kg [54]. Two independent reports published in 2010, which have reported the levels
of aflatoxins in maize samples, collected from different regions of Pakistan [49, 244].
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Shah et al. reported 14.94 and 16.22 µg/kg average AFB1 levels in maize samples,
collected from upper and lower areas of Swat district, respectively [49]. Ahsan et al.
targeted central Punjab region and found a very high ratio of positive samples for
aflatoxin 80%, 87% and 90%, with their respective mean values of 45, 54 and 62 μg/kg
in urban, semi-urban and rural areas, respectively [244]. A study on co-occurrence of
14 toxicologically important mycotoxins in maize samples using HP-TLC detection
method by Khatoon et al. [53]. The study reported AFB1 in 27% samples with
contamination levels reaching as high as 850 µg/kg [53]. Another study have found that
40% of maize samples collected from various districts across Pakistan were
contaminated with aflatoxin [46].
Previous study in our lab showed that 14% maize and 20% maize products,
collected from 3 districts of Punjab, Pakistan, were contaminated with aflatoxins,
having concentrations above the limits permitted under EU regulations [47]. Maize
used in breakfast cereal products was studied for contamination of total AFs (0.06-4.9
µg/kg), AFB1 (0.04-3.5 µg/kg), ZEA (0.05-62.5 µg/kg) and OTA (0.06- 5.87 µg/kg) by
Iqbal et al. [52]. Seven out of ten maize products intended for infant’s consumption,
were found contaminated with total AFs 0.05-3.74 µg/kg. This can be a serious threat
for infants, who are more sensitive to toxic effects [48].
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Table 5.5

Descriptive statistics of contamination levels (µg/kg) in positive maize samples (n=182) and incidence rate (%) of
different mycotoxins.
Mycotoxin
AFB1
AFB2
OTA
NIV
DON
3-ADON
15-ADON
DAS
FB1
FB2
FB3
STERIG
ROQ-c
ZEA

Average
14.3
5.5
13.0
67.6
102.3
45.5
35.5
17.3
314.5
144.6
75.7
23.9
18.8
88.5

Minimum
1.4
1.4
2.5
20.0
40.0
34.0
20.0
10.0
28.0
36.0
110.0
20.0
10.0
18.0

Maximum
81.9
31.0
51.0
135.1
358.8
64.0
55.0
81.5
1450.0
1050.0
405.0
44.2
56.0
202.0

P50
8.3
4.0
6.0
69.0
60.0
34.0
38.6
13.1
250.5
102.8
110.0
20.0
12.8
58.1
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P75
15.0
5.0
21.4
77.8
100.0
43.2
47.3
17.1
425.0
140.1
150.0
24.0
19.0
135.7

P90
22.6
14.2
33.5
110.6
247.3
50.7
52.5
17.9
599.6
201.1
163.0
24.9
29.0
161.0

P95
51.7
17.0
41.0
116.0
350.4
57.4
53.8
25.4
778.1
489.0
287.0
44.2
35.2
193.0

% occurrence (n)
63 (115)
47 (86)
10 (18)
15 (28)
9 (17)
4 (8)
3 (6)
36 (65)
55 (100)
50 (91)
34 (61)
20 (37)
12 (22)
14 (26)
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Mean concentration (µg/kg)
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Figure 5-3
Comparison of mycotoxin contamination in maize
Mean contamination levels of different mycotoxins in positive maize samples of both
regions (NP: North Punjab; SP: South Punjab).
In the present study, the observed percentage contamination of multiple
mycotoxins were estimated as 63.2% (AFB1), 47.3% (AFB2), 15.4% (NIV), 9.3%
(DON), 4.4% (3-ADON), 3.3% (15-ADON), 35.6% (DAS), 54.9% (FB1), 50% (FB2),
34% (FB3), 9.9% (OTA), 20.3% (STREG), 12.1% (ROQ-c) and 14.3% (ZEA).
Occurrence of sterigmatocystin (STERIG) and roquefortine-c (ROQ-c) have been
reported in this study for the first time in Pakistani maize samples.
A higher contamination levels of AFB1 (0.4-136.8 µg/kg) and FB1 (0-37000
µg/kg) were reported in Chinese maize samples (n = 108) by Sun et al. [253]. Similarly,
maize samples (n = 150) from southern India, have been contaminated with a high
concentration of AFB1 (48-383 µg/kg), OTA (3-5 µg/kg), T-2 toxin (38-189 µg/kg),
DON (72-378 µg/kg) and FB1 (76-765 µg/kg ) in 18% (AFB1), 13% (OTA), 7.3% (T2 toxin), 15% (DON) and 38.6% (FB1) samples [259]. While, in Chinese maize (n =
345), a higher incidence of DON (71.4%) was found with a mean contamination level
of 92 µg/kg [254].
However, a study showed low levels of OTA (01-0.5 µg/kg) in 17% maize
samples (n=59) collected from US [257]. Similarly, a low incidence levels of aflatoxins
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and fumonisin (FB1) were found in 26.4% and 24% maize samples (n= 102), collected
from Vietnam with mean concentration level of 24.5 and 2.44 µg/kg, respectively [252].
Ok et al. [250] showed that 77% of dried maize samples (n = 96) in Korea, were
contaminated with average DON levels of 128 µg/kg. Moreover, maize products (n =
297) from Brazil, have showed a lower incidence of aflatoxins (2%) with 2.4 µg/kg
mean contamination level [255].
The variation in incidence rate and contamination level of mycotoxins in maize
from various regions of the world, were also reported [251, 260]. The differences in the
prevalent fungi due to changes in climatic conditions, might be responsible for those
variations. For example, a study on maize samples (n = 14) from Mediterranean
countries reported high incidence of Fusarium compared to Aspergillus mycotoxins.
The study measured multi-mycotoxin contamination with concentration ranges of 150–
903 µg NIV, 265 µg DON, 25 µg AFG1, 7.5 µg AFG2, 6.4 µg DAS, 64 µg HT-2 and
2.1-73.9 µg BEA per kg of maize sample with percentage contamination of 28.5%
(NIV), 7.1% (DON), 7.1% (AFG1), 7.1% (AFG2), 7.1% (DAS), 7.1% (HT-2) and
14.3% (BEA) [251]. Similarly, mycotoxin contamination in maize (n = 29) from
Hungary, had shown prevalence of DON (86%), ZEA (41%) and T-2 toxin (55%) with
mean levels of 1872 µg DON, 267 µg ZEA and 69 µg T-2 toxin per kg of maize [260].

5.3.4 Mycotoxins Level in Wheat
In this study, a total of 124 wheat samples were investigated for mycotoxins
contamination (Table 5.6). The estimated toxin concentrations were found to be in the
range of 1.2-10 µg AFB1, 1.2-5 µg AFB2, 18-60 µg NIV, 40-60 µg DON, 28-240 µg/kg
FB1, 34-150 µg FB2, 108.0 µg FB3, 2.5-15 µg OTA, 26-40 µg HT-2, 44-60 µg T-2 toxin
and 16-45 µg ZEA per kg of wheat sample. The levels of contamination of mycotoxins
in both regions was compared in Figure 5.4. The results showed overall 71% samples
were contaminated with at least one mycotoxins, while 47% samples had indicated the
presence of more than one mycotoxins. The co-occurrence of AFB1 and AFB2 was
observed in 41%. While, in 10% of the samples the co-occurrence of AFs (AFB1, AFB2)
and FBs (FB1, FB2, FB3) was observed.
The previous mycotoxin contamination studies in wheat, originating from
Pakistan, focussed mainly on aflatoxin, only three included ochratoxin A (OTA) and
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zearalenone (ZEA) in addition to aflatoxins (AFs) [50-52]. One of the studies on
collected wheat samples from all across Pakistan, has identified as 20% of the samples
positive, having maximum contamination level up to 15.5 µg/kg [46]. A relatively
smaller study (n = 40), reported the mean AFs concentration in the range of 2-25 µg/kg
in wheat samples, collected from different areas of Faisalabad city, Pakistan [243]. Two
studies conducted by Iqbal et al. [51, 52] illustrated AFs, OTA and ZEA in breakfast
cereals and other wheat derived products like spaghettis, noodles, macaroni and lasagne
etc. The study results revealed that highest mean level of AFB1 (3.6 μg/kg), total AFs
(4.55 μg/kg) and OTA (3.9 μg/kg) were found in semolina [52]. Among other wheat
derived products, bucatini represented the highest mean contamination level of 9.61
and 8.89 µg/kg for AFs and ZEA, respectively [51]. Three different types of wheat flour
(prepared commercially, homemade and air-cleaned wheat), were tested for
contamination of aflatoxins and found that homemade wheat flour samples, usually
made after washing and sun drying, were least contaminated [48]. However, in the
present study, occurrence of 42.7% (AFB1), 41.1% (AFB2), 14.5% (NIV), 21% (DON),
29% (FB1), 17.7% (FB2), 12.1% (FB3), 11.3% (OTA), 8.1% (HT-2), 6.5% (T-2 toxin)
and 20.2% (ZEA) was observed in wheat samples.
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Table 5.6

Descriptive statistics of contamination levels (µg/kg) in positive wheat samples (n=124) and incidence rate (%) of
different mycotoxins.
Mycotoxin

Average Minimum Maximum P50

P75

P90

P95

AFB1
AFB2
OTA
NIV
DON
HT-2
T-2 toxin
FB1
FB2
FB3
ZEA

5.8
2.3
8.5
45.1
45.2
29.5
48.3
130.5
109.9
108.2
30.5

7.5
2.9
12.0
47.0
45.0
30.0
50.3
121.0
113.5
108.0
41.0

8.0
3.0
14.1
50.9
60.0
31.0
53.7
210.0
123.0
108.0
41.6

8.8
4.0
15.0
60.0
60.0
35.5
56.9
226.3
132.5
108.0
44.4

1.2
1.2
2.5
18.0
40.0
26.0
44.0
28.0
34.0
108.0
16.0

10.0
5.0
15.0
60.0
60.0
40.0
60.0
240.0
150.0
108.0
45.0

5.0
2.2
9.0
43.0
42.0
30.0
47.5
118.0
110.0
108.0
37.0
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% occurrence (n)
43 (53)
41 (51)
11 (14)
15 (18)
21 (26)
8 (10)
6 (8)
29 (36)
18 (22)
12 (15)
20 (25)

Mean concentration (µg/kg)
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Figure 5-4
Comparison of mycotoxin contamination in wheat
Mean contamination levels of different mycotoxins in positive wheat samples of both
regions (NP: North Punjab; SP: South Punjab).
Similar to the present study, occurrence of multi-mycotoxin have been reported
in wheat worldwide in different studies [253, 254, 261, 262, 264]. Two studied
conducted on wheat flour from china, had found mycotoxins contamination of DON
(221.4 µg/kg), AFB1 (0.1-0.8 µg/kg) and FB1 (0-400 µg/kg) [253, 254]. In the present
study, the occurrence of DON along with its derivative, have been observed. Such
incidence has been reported in Chinese wheat (n= 359), which showed not only the
contamination of Trichothecene, DON (97.2%) and NIV (1.43%), but also their
derivatives D3G (33.4%), 3-ADON (11.1%) and 15-ADON (14.2%) with mean
contamination level of 84.3 µg DON, 1.43 µg NIV, 1.12 µg D3G, 0.11 µg 3-ADON
and 0.53 µg 15-ADON per kg of wheat [261]. Furthermore, wheat bread samples (n =
16) from Spain, were found contaminated with AFB1 (6.2%) and AFB2 (18.7%) in
concentration range of 0.6-1.0 µg/kg (AFB1) and 0-3.2 µg/kg (AFB2) [262]. Also,
incidence of AFM1 (12%), AFB1 (69%), AFB2 (27%), AFG1 (4%), OTA (69%), FB1
(58%), FB2 (38%), DON (62%), NIV (4%), ZEA (73%) in the range of 0.01-0.02 µg
AFM1, 0.003-0.130 µg AFB1, 0.004-0.011 µg AFB2, 0.006-0.013 µg AFG1, 0.006-0.1
µg OTA, 0.06-67.0 µg FB1, 0.12-14.0 µg FB2, 0.4-208 µg DON, 5.6-27.1 µg NIV, 0.125.6 µg ZEA per kg of breakfast cereal sample (n=26) was reported in Portugal [264].
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However, lower contamination level of OTA was reported in some studies [256,
257, 263]. Two studies conducted on wheat in US, found the contamination levels of
OTA in the range of 0-1.5 µg/kg [257, 263]. Study of OTA in wheat bread (n= 102) in
Turkey, described 9.8 % samples contaminated with concentration levels ranging from
0.74-2.83 µg/kg [256].
In the current study, alternaria toxins (AOH, AME) were not detected in any
wheat samples. However, a survey on wheat (n = 74) from Italy had Alternaria toxins
AOH and AME in 31% and 26 % samples with mean level of 11 and 7 µg/kg,
respectively. The samples were also contaminated with DON (16%), 3-ADON (4%),
15-ADON (15%), NIV (3%), HT-2 (8%) and T-2 toxin (8%) with mean contamination
level of 75 µg DON, 1 µg 3-ADON, 7 µg 15-ADON, 3 µg NIV, 23 µg HT-2 and 5 µg
T-2 toxin per kg of wheat [265].
Variation in mycotoxin prevalence pattern was seen in wheat from different
regions of the world. In the present study, aflatoxins were found to be more common
as compared to trichothecence and Fusarium mycotoxins. However, wheat grain
samples (n= 21) from four countries (Spain, Italy, Morocco and Tunisia), had revealed
a prevalence of NIV (52.4%), AFB2 (14.3%), FB2 (9.5%) and BEA (14.3%) with
contamination levels in the range of 339-679 µg NIV, 6.7-26 µg AFB2, 121-158 µg FB2
and 2.4-61.4 µg BEA per kg of wheat [251]. Similarly, a study by Tima et al. [260]
reported contamination levels of DON, ZEA and T-2 toxin in wheat samples (n= 29)
from Hungary, with mean level of 478 µg DON, 83 µg ZEA, 64 µg T-2 toxin per kg
of wheat samples in 72% (DON), 17% (ZEA) and 31% (T-2 toxin) of samples.
Furthermore, a study conducted in Brazil found DON contamination in all analysed
wheat products (n=55) with levels ranging from 79.7-916.1 µg/kg. The samples were
also contaminated with ZEA (84%), D3G (33%), FBs (7%) and OTA (4%) with
contamination levels range of 17.8-205.6 µg ZEA, 54.8-335.2 µg D3G, 22.8-130 µg
FBs and 5.3-5.3 µg OTA per kg of sample [266].
Variation in mycotoxin contamination in cereals from different regions might
be due to differences in climate and consequently differences in the prevalent toxigenic
mycoflora influenced by different agricultural practices along with storage conditions
[242].
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Conclusion
The study measured the levels of contamination of multi-mycotoxin in three major
cereal samples using a validated multi-mycotoxin LC-MS/MS method. The mycotoxin
contamination profile of Pakistani cereals has shown prevalence of AFB2, AFB1, NIV,
DAS, FB1, FB2, FB3, OTA, DON, T-2 toxin, HT-2, STREG, ROQ-c and ZEA. Our
results indicated that Pakistani cereals are contaminated with multiple mycotoxins. This
study highlights the need to establish regulatory guidelines regarding mycotoxins in
Pakistani foods and regular monitoring of highly consumed foodstuff especially the
cereals.
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6

Dietary Exposure of Multi-Mycotoxin
through Cereals Consumption

Summary
This chapter describes the quantitative risk assessment of multiple mycotoxins
consumed through cereals (wheat, rice and maize) intake by adults and children of
Pakistani population in North Punjab (NP) and South Punjab (SP). Cereals consumption
data have been collected by conducting a food frequency questionnaire in NP and SP
regions. The mean rice consumption was significantly higher (P< 0.05) in the NP as
compared to the SP population, while the average wheat consumption was higher in
SP. However, maize have similar but lower level of intake in both regions. Also, this
study examined the reduction of 30-51% of AFB1 during cooking of cereals following
typical Pakistani recipes. The study estimated the dietary exposure of aflatoxin B1 and
B2, fumonisin B1, B2 and B3, nivalenol, deoxynevalenol along with its acetylated
derivatives, diacetoxyscirpenol, HT-2, T-2 toxin, ochratoxin A, sterigmatocystin,
roquefortin-c and zearalenone in terms of ng/kg body weight per day for both age
groups of SP and NP regions. The dietary exposure values for aflatoxins exceeded the
tolerable daily intake at all levels, while for OTA, FB1, T-2 toxin, HT-2 and ZEA only
at higher consumption and contamination levels. The margin of exposure of AFB1
ranged between 4.8-35.7 (adults) and 4.6-35.0(children). Moreover, the hepatocellular
carcinoma (HCC) risk values for adults were 0.161 and 0.262, while for children those
were 0.164 and 0.271 cancer cases/105 per year in SP and NP population, respectively.

Introduction
Risk assessment is the combination of hazard identification and its characterization,
exposure assessments, and subsequent risk characterization [207]. Many mycotoxins
and toxigenic fungi have been identified as hazardous for health [267]. Characterization
of hazards involve the measurement of adverse health effects (both chronic and acute
effects) caused by mycotoxins. For non-carcinogenic mycotoxins, a tolerable daily
intake (TDI) or health based guidance value (HBGV) has been established [96]. There
90

6. Dietary Eposure of Multi- Mycotoin

is no acceptable daily intake (ADI) for aflatoxins as they are genotoxic and
carcinogenic. If daily consumption of DON (1000 ng/kg bw. day), NIV (1200 ng/kg
bw. day), ZEA (250 ng/kg bw. day), OTA (17 ng/kg bw. day), sum of T-2 and HT-2
(100 ng/kg bw. day) and FBs (2000 ng/kg bw. day) is below the TDI values, no adverse
human health effects would appear over a life time [102-107].
Mycotoxin exposure assessment depends on the concentration of mycotoxins in
food and its intake. Risk characterization of non-genotoxic mycotoxins is assessed by
comparing their exposure assessment with the TDI. Dietary exposure of mycotoxins
can be calculated by deterministic approach. A deterministic risk analysis is calculated
by multiplying concentration of mycotoxins in a food item to daily intake of that food
item per unit kg body weight of individual.
The risk characterization of genotoxic aflatoxins is usually executed by two
approaches. The first one calculates cancer risk considering the prevalence of hepatitis
B virus (HBsAg+ individuals) in a given population, and cancer potency of aflatoxins
in HBV carriers and non-carriers along with estimated AFB1 exposure [98]. The second
approach calculates the margin of exposure (MoE), which is the ratio between the
toxicological thresholds derived from animal studies. It gives the lower confidence limit
of 95% for the Bench Mark Dose Level that causes a 10% increase in the cancer
incidence (BMDL10) considered to be equivalent to 170 estimated dietary exposure of
AFB1 per kg body weight per day in humans [112].
Various studies on dietary exposure to mycotoxins through cereal consumption
were performed in different countries like Iran [268], United States [269], Turkey [256],
Nigeria [270], France [211, 271], Thailand [272], Korea [273], Vietnam [252, 274],
Pakistan [41, 43] Mediterranean region [251] Africa [275] and Spain [276].
The data on cereal consumption in both regions of Punjab were collected by
conducting food frequency questionnaires. Because of higher toxicity as well as high
prevalence of AFB1, the study also focuses on the determination of reduction of AFB1
during local cooking procedures of rice, maize and wheat. Subsequently the reduction
level is considered during mycotoxin dietary intake determination in two population
groups (adults and children), as the intake exceeding the provisional tolerable daily
intakes (PTDIs) set by EFSA poses health risks. Also, the potential risk of liver cancer
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arising from aflatoxin B1 intake was assessed in Pakistani population of South and
North Punjab regions.

Materials and Methods
6.2.1 Cereals Consumption
To measure dietary exposure accurately, cereals consumption data were obtained by
conducting a survey in Southern and Northern Punjab regions of Pakistan (n= 1015). A
food frequency questionnaire (FFQ) used in this study is attached in Annexure-B.
Furthermore, the generated consumption data were used in calculating the dietary
exposure of mycotoxins. The detailed description of data collection on cereal
consumption has already been described in Chapter 2 under section 2.7.

6.2.2 Cooking of Cereals by Pakistani Recipes
The most common cooking methods for rice in Pakistan (n=3), wheat (n=2) and maize
(n=3) were evaluated for their efficiency in degradation of AFB1. For this purpose,
naturally contaminated rice (40 μg/kg), wheat (20 μg/kg) and maize (80 μg/kg) as well
as blank control samples of the cereals were managed. Negative control samples were
also washed and cooked similar to each treatment, and spiked with known
concentrations of standards after cooking. The aim was to make matrix-matched
calibration curves, and quantify the levels of AFB1 in treated samples. Positive controls
were naturally contaminated uncooked rice that were used for comparison of treatments
to conclude the percentage of AFs degradation. The procedure followed during cooking
of these cereals is explained in detail in Section 2.8 in Chapter 2.

6.2.3 Dietary Exposure Assessment
The dietary exposure levels were estimated considering two approaches, using a fixed
mycotoxin concentration and variable values (mean, minimum and maximum) of the
consumption level; as well as using fixed consumption levels with variable values
(mean, minimum and maximum) of mycotoxin contamination level. In order to remove
the uncertainty in exposure level caused by left censored mycotoxins data, all three
scenarios were considered in each approach: Upper bound (<LOQ = LOQ), Medium
bound (<LOQ = ½ LOQ) and lower bound (<LOQ = 0). Dietary exposure of
mycotoxins was calculated by a deterministic risk analysis (Eq. IV).
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𝐷𝑖𝑒𝑡𝑎𝑟𝑦 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 = 𝐶𝑜𝑛𝑐. 𝑜𝑓 𝑚𝑦𝑐𝑜𝑡𝑜𝑥𝑖𝑛 x 𝐷𝑎𝑖𝑙𝑦 𝑐𝑒𝑟𝑒𝑎𝑙𝑠 𝑖𝑛𝑡𝑎𝑘𝑒 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡

(6-1)

6.2.4 Risk Characterization
Risk characterization of the genotoxic aflatoxins was performed by both margin of
exposure MoE [112] and cancer risk approaches [98] applying the formulas given in
Section 2.10 of Chapter 2.

6.2.5 Statistical Analysis
The normality of the consumption data distribution was assessed by Kolmogorov–
Smirnov, Shapiro–Wilk test and the corresponding Q/Q plots. A non-parametric MannWhitney U test was applied to determine the significance using the SPSS statistical
package (IBM®, Version 14) with a level of confidence of 0.05. All other calculations
were executed in Excel 2010. The mean data together with standard deviation (SD)
were mostly stated.

Results and Discussion
6.3.1 Cereals Consumption
The data from the cereals consumption survey have been summarized in Table 6.1. The
results showed that, the mean cereals intake of the adult population in Punjab province
was 440 ± 25.3 g per head on daily basis, while 210 ± 8.4 g per head per day in children.
A significant difference in rice and wheat consumption between South Punjab (SP) and
North Punjab (NP) population was observed (P< 0.05). While there is no significant
difference in maize consumption among both regions. Table 6.1 shows the consumption
of rice, wheat and maize as well as their daily intake per kg body weight by children
and adults of both regions of Pakistan. Cereals intake in Iran [268] and China are
comparable with our consumption results [254]. Our results, however, are higher than
cereal intake in UK [277], while lower as compared to intake of rice in Thailand [278],
and maize in African country Kenya [275].
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Table 6.1
Cereals consumption data by children and adults in different
regions of Pakistan obtained during the survey in 2015-2016
Daily intake (g) per head
Cereal Region

Rice

Maize

Wheat

(mean ± SD g/head/day)

Daily Intake (g) per kg bw.
(mean ± SD g/kg bw. per day)

Adults

Children

Adults

children

SP

100.0 ± 7.1 b

50.0 ± 5.8 b

1.66 ± 0.3 b

1.68 ± 0.2 b

NP

125.0 ± 8.0 c

75.0 ± 6.2 c

2.18± 0.3 c

2.26 ± 0.3 c

SP

25 ± 2.0 a

20 ± 1.5 a

0.4 ± 0.1 a

0.5 ± 0.1 a

NP

25 ± 2.0 a

20 ± 1.6 a

0.4 ± 0.1 a

0.5 ± 0.1 a

SP

400 ± 12 e

225 ± 10 d

6.7 ± 1.0 d

6.6 ± 1.1 d

NP

350 ± 11 d

200 ± 8 d

6.0 ±1.2 d

5.7 ±1.1 d

a-e

Values in same column with different alphabetic letters are significantly different
(P< 0.05).

6.3.2 Effect of Cooking on AFB1 Level
During cooking of rice, the first step involved a washing step with a 12% reduction of
AFB1. The reduction in AFB1 (47-57%) in the cooked rice including washing step,
wheat (30-45%) and maize (30-40%) was measured after cooking with traditional
methods (n=8) practiced in Pakistan (Table 4).
The reduction of AFB1 was significantly higher in Biryani (rice) than the other
two rice cooking recipes (P< 0.05). AFB1 reduction after cooking Pulao was in parallel
with boiled rice. The reduction level was different among these three cooking recipes
because of the differences in the cooking methods. As in boiled rice, the excess water
was used without adding any spices, while in Biryani after boiling rice, excess water
was drained out, spices (Coriander seed, cloves, cinnamon, ginger, black pepper,
cardamom black, dry curry leaves, chilli, and cumin seed) were added and rice were
further cooked.
A study reported a 14.7-15.3% reduction of aflatoxins with washing similar to
the present study results [279]. The reduction of aflatoxins during rice cooking was
reported by previous studies [131, 132, 280, 281]. In ordinary cooking, the
contaminated rice gave an average AFB1 reduction of 34% [280], while a 78-88%
reduction was observed with pressure cooking [131]. In another study, cooking of AFB1
contaminated rice showed 87.5% (cooking in excess water); 84% (ordinary cooking)
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and 72.5% (microwave cooking) reduction of AFB1 [132]. In contrast, a low level of
AFB1 reduction (24.8%) was observed in two cooking methods common in Iran [281].
The level of reduction in aflatoxin was significantly higher (P< 0.05) in wheat
bread cooked in Tandoor than Tawa. The reason might be the temperature difference
between both cooking methods as in Tandoor the temperature is around 450 °C, while
on Tawa it is 150 °C. The present study results of AFB1 level reduction are comparable
to a study on wheat bread cooking by heating (40-47%) and streaming (43%) [282].
Table 6.2

Percentage of AFB1 degradation in rice, wheat and maize by
washing and different methods of cooking.

Cooking Recipes

Reduction of AFB1 (%)

Rice washings (3 times)

12 ± 0.8

Boiled Rice

35 ± 0.8

Pulao Rice

38 ± 0.8

Biryani Rice

45 ± 0.8

Average loss in rice cooking (including washing)

51.0

Wheat bread at Tawa

30 ± 0.8

Wheat bread at Tandoor

45 ± 0.8

Average loss in wheat cooking

37.5

Roasted Maize

40 ± 0.8

Bread of Maize

30 ± 0.8

Boiled Maize

35 ± 0.8

Average loss in maize cooking

35.0

The values are average of three replicates.
The degradation levels were different among the three cooking recipes
(roasting, boiling and bread) of maize because of differences in the cooking method.
Higher levels of aflatoxin B1 reduction during maize cooking was reported in Korean
traditional recipes of makume and akassa (92-93% reduction of AFB1) as these two
recipes also involve fermentation along with cooking. While, similar findings were
observed in another maize recipe owo (40% reduction of AFB1) [130]. Loss of
aflatoxins during the cooking process might occur because of its removal during
washing, binding to a food matrix, or degradation under aqueous heating process or
change to unknown products.
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6.3.3 Exposure Assessment of Mycotoxins in Children and Adults
Dietary exposures of prevalent mycotoxins though cereals (rice, maize and wheat)
intake calculated by deterministic approach are shown in Table 6.3-6.4. The levels of
AFB1 and AFB2 in dietary exposure were taken after considering mean reduction by
cooking. Considering the two approaches, the mean concentration approach using fixed
mycotoxin concentrations and variable values (mean, median, maximum and
percentiles) of consumption, and the second one using a fixed consumption level with
variable values (mean, median, maximum and percentile) of mycotoxin level. In each
approach, all the three scenarios - upper bound (<LOQ = LOQ), medium bound (<LOQ
= ½ LOQ) and lower bound (<LOQ = 0) - were calculated. The results of medium
bound are shown here in Table 6.3 and Table 6.4.
In this study, an estimated average AFB1 intake in SP (Adult) was 9.52 ng/kg
bw. day, while in children 9.65 ng/kg bw. day. The mean estimated exposure of AFB1
was 15.44 ng/kg bw. day (Adults) and 16.00 ng/kg bw. day in children of NP. The mean
exposure of AFB2 in SP and NP adults was 2.32 and 3.90 ng/kg bw. day, respectively,
while in children it was 2.38 and 4.05 ng/kg bw. day, respectively. The average AFB1
intake of 22.2-22.3 ng/kg bw. day [43], and 19.1 to 26.6 ng/kg bw. day [41], was
reported in previous studies by rice consumption only. Our study results showed lower
exposure as compared to these previous studies. Whereas recently, a study by Alim et
al. [283] reported mean daily exposure of 3.5 ng/kg bw. of AFB1 by processed cereal
product consumption in adults of main cities of Punjab that is comparable to our study
results although the present study includes raw cereal consumption. This might be due
to the difference in sampling, level of contamination of AFs in cereal samples and
consumption data considered during these studies.
By comparing the previous studies conducted in different countries, our results
match to the estimated mean AFB1 exposure due to food consumption in Korea (1.195.79 ng/kg bw. day); [273], Brazil (6.6-27.6 ng/kg bw. day); [284] and Nigeria (5.2
ng/kg bw. day); [270]. Compared to present study, lower dietary exposure was observed
in Japan by rice intake. The study showed the dietary exposure of 1.78 and 1.20 ng/kg
bw. day at 95th percentile level, in children of age 7-14 years and adults, respectively
[285]. Also, due to low contamination levels, the dietary exposure of AFB1 (from rice
and wheat) ranges, upper bound-lower bound (UB-LB), in French adults (0.0-0.08
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ng/kg bw. day) and children (0.0-0.035 ng/kg bw. day); [211], as well as in the Lebanese
population (0.63-0.66 ng/kg bw. day); [286] based on the total diet intake were found
to be lower than our study. Based on the high consumption as well as contamination
levels, the AFB1 mean exposures in Northern Vietnam adults (21.7 ng/kg bw. day) and
children (33.7 ng/kg bw. day); [252], adults of Lao Cai province of Vietnam (39.4
ng/kg bw. day); [274], African country Gambia (14 ng/kg bw. day); [275], and in
Thailand (800 and 120 ng/kg bw. day) in the years 2012 and 2013 were higher than
present study data [272].
The estimated average intake of OTA in SP was 5.63 ng/kg bw. day in adults
and 5.82 ng/kg bw. day in children. The mean exposure level of OTA in NP was 9.65
ng/kg bw. day in adults and 9.75 ng/kg bw. day in children. Only the exposure of OTA
at its maximum concentration for excessive consumers is above the PTDI of 17.1 ng/kg
bw. day. The mean dietary exposures of OTA were higher in some studies reported for
Pakistan (24.2-24.7 ng/kg bw. day); [43], and Vietnam (18.7 ng/kg bw. day; [274]) in
comparison to present study. However, OTA intake through diet is comparable to
present study in Chinese adults (4.62 ng/kg bw. day); [271], and children (13.9 ng/kg
bw. day) [287]; in French adults (2.16 ng/kg bw. day) and children (4.07 ng/kg bw.
day); [271], and in Lebanese population (4.28 ng/kg bw. day); [286]. While, the mean
OTA exposures in Turkish rice and wheat consumers (0.02 and 0.85 ng/kg bw. day);
[256], and in Nigerian (1.50 ng/kg bw. day); [270], were lower than those found in our
study. This may be due to the lower consumption levels of cereals as well as lower
contamination levels of OTA in these studies.
For FB1, the average intakes in adults and children of SP under study were 282.2
and 285.2 ng/kg bw. day, respectively, while 427.0 and 435.8 ng/kg bw. day in adults
and children of NP. The estimated mean exposure of FB1 due to cereal intake is far
below the proposed TDI of 2000 ng/kg bw. day for fumonisins, while in excessive
consumers of NP it is above that limit. The FBs mean exposures reported in Northern
Vietnam adults (536 ng/kg bw. day) and children (1019 ng/kg bw. day) were higher as
compared to the present study results [252]. While the mean values of estimated
exposure for FBs in French adults (3.8 ng/kg bw. day), and children (42.5 ng/kg bw.
day); [271], in the Moroccan (0.042 ng/kg bw. day); [251], and Nigerian (19.13 ng/kg
bw. day) population were lower than the present study [270].
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For NIV, the estimated mean exposure levels were found to be 59.33 and 60.61
ng/kg bw. day in adults and children of SP, respectively, while 91.09 and 90.33 ng/kg
bw. day in children and adults of NP, respectively. The NIV exposure at all levels was
below safe health limits, while there was no risk at all other exposure levels (1200 ng/kg
bw. day); [105]. In the present study, NIV exposure results are similar to French adults
(20-67 ng/kg bw. day) and children (30-119 ng/kg bw. day); [211]. While, Chinese
population (6-1060 ng/kg bw. day); [288], Italian population (790 ng/kg bw. day) were
facing higher dietary exposure of NIV [251].
The mean daily intake of DON was 65.02 and 67.15 ng/kg bw. day in adults
and children of SP respectively, whereas for NP it was 86.11 and 84.68 ng/kg bw. day
in children and adults, respectively. Overall, DON exposure due to cereal consumption
in Pakistan did not exceed the TDI value of 1000 ng/kg bw. day [106]. Through cereals
intake, a higher dietary exposure of DON was reported for Chinese adults (309 ng/kg
bw. day) and children (927 ng/kg bw. day) as compared to the present study [287].
While, the estimated mean exposures to DON in Nigeria (5.97 ng/kg bw. day); [270]
and Morocco (0.18 ng/kg bw. day); [251], and in the Lebanese population (1.56 ng/kg
bw. day) were lower than the current study data [286]. Similarly, the mean dietary
exposure for DON by the consumption of rice and wheat products in French adults (5.76.6 ng/kg bw. day) and children (14.3-16.0 ng/kg bw. day) were lower than present
study [211].
The HT-2 dietary intakes by adults of SP (16.22 ng/kg bw. day) and NP (26.91
ng/kg bw. day), and by children of NP (27.41 ng/kg bw. day) and those of SP (16.83
ng/kg bw. day) were higher than mean estimated exposure for the sum of HT-2 and T2 toxin (0.361 ng/kg bw. day) in Moroccan population [251]. While, the mean exposure
ranges (UB-LB) for HT-2 in French adults (7-59 ng/kg bw. day) and children (10-104
ng/kg bw. day) were comparable to present study [211]. The exposure levels of HT-2
and T-2 toxin under study at fixed mean cereal consumption and variable mycotoxin
concentration at maximum level were found to be higher than the PMTDI value of 100
ng/kg bw. day [107].
In SP and NP, the estimated mean exposure levels for DAS were 2.84 and 4.97
ng/kg bw. day in adults, while for children 2.98 and 5.50 ng/kg bw. day, respectively.
As there is no defined TDI value for DAS so its exposure levels were compared with
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the TDI of HT-2 and T-2 toxin because of their structural similarity. All the estimated
exposure levels of DAS, including maximum exposure were lower than the PMTDI
value of HT-2 and T-2 toxin (100 ng/kg bw. day); [107]. The mean estimated exposure
for DAS in Moroccan papulation (0.101 ng/kg bw. day) was less as compared to our
values [251]. The dietary exposures of STREG and ROQ-c were also calculated.
Limited data is available on dietary exposure of these toxins. The mean exposure of
STREG was 2.07 and 2.14 ng/kg bw. day in adults and children of NP respectively,
whereas for ROQ-c it was 1.54 and 1.04 ng/kg bw. day in children and adults of NP,
respectively.
The mean daily intake of ZEA in adults and children of SP were 50.16 and 51.36
ng/kg bw. day, respectively. The average dietary exposure level of ZEA for adults and
children of NP were 74.73 and 75.48 ng/kg bw. day, respectively. The ZEA exposure
for excessive consumers at fixed mean cereal consumption and maximum
contamination level of ZEA was above safe health limits, while there was no risk at all
other exposure levels (250 ng/kg bw. day); [104]. The mean dietary exposure values
for ZEA by rice consumption in Iranian people (2ng/kg bw. day); [268], in French
adults (1.63 ng/kg bw. day) and children (3.75 ng/kg bw. day) were lower as compared
to our study [271]. Also the mean estimated exposure ranges (UB-LB) for ZEA by rice
and wheat products intake in French adults (0.06-0.7 ng/kg bw. day) and children (0.161.42 ng/kg bw. day) were lower than the present study [211]. Comparable results of the
estimated mean exposure for ZEA were reported in the Nigerian population (157.36
ng/kg bw. day); [270], and in Chinese adults (155 ng/kg bw. day) and children (464
ng/kg bw. day) through cereal intake [287]. The discrepancies in exposure estimations
are due to the variability in food consumption levels, the differences in contamination
data, cooking effects and differences in the analytical techniques used in reported
studies.
Finally, when the two groups of subjects (adults and children) were compared,
children are found to be a vulnerable group for most contaminants as exposure was
expressed in terms of per kg body weight. Also, the population of NP is more exposed
to risk as compared to that of SP because the levels of mycotoxins contamination as
well as consumption of rice were higher in NP as compared to SP. The study provides
a multi-mycotoxin exposure assessment in Pakistani cereals consumers for the first time
in combination with a consumption pattern of cereals throughout Punjab, Pakistan and
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degradation of aflatoxins by local cooking methods. The results showed that the
exposure of cereals consumers in Pakistan (adults and children) to aflatoxins is above
the toxicological reference value at all consumption levels. Furthermore, the intake of
multiple mycotoxins at varying concentrations may cause a greater risk compared to
consumption of a single toxin [289]. In conclusion, the mycotoxins exposure linked
with intake of contaminated cereals is a great risk to public health. Therefore,
management strategies need to focus more on the reduction of mycotoxin
contamination.
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Table 6.3

AFB1
AFB2
OTA
FB1
FB2
FB3
NIV
DON
3-ADON
15-ADON
DAS
T-2 toxin
HT-2
STREG
ROQ-c
ZEA

Deterministic dietary exposures (ng/kg bw. day) of mycotoxins using the medium bound scenario at fixed mean
mycotoxin concentration and variable cereal consumption.
Values exceeding the PMTDI are shown in bold.

Min.
SP

NP

Children
Mean
SP
NP

4.85
1.17
2.98
115.74
30.99
29.41
32.38
34.37
0.05
0.02
1.68
6.99
9.13
0
0
27.03

7.22
1.80
4.62
182.49
58.70
50.21
44.44
41.56
0.15
0.14
2.12
12.39
13.86
0
0
34.72

9.65
2.38
5.82
285.25
87.45
70.97
60.61
67.15
0.39
0.18
2.98
13.63
16.83
0
0
51.36

16.00
4.05
9.75
435.85
149.70
111.07
91.09
86.11
1.08
1.03
5.50
24.77
27.41
2.14
1.54
75.48

Max.
SP
23.79
6.14
12.73
679.71
218.83
144.65
134.46
147.18
1.62
0.73
8.49
27.96
35.81
1.15
2.24
113.86

NP

Min.
SP

NP

Adults
Mean
SP
NP

36.90
9.52
18.48
975.50
343.82
205.94
186.96
158.19
4.51
4.29
16.14
38.57
50.25
8.72
2.5
155.16

4.76
1.16
2.68
129.45
36.15
34.31
30.97
31.05
0.06
0.03
1.54
5.99
8.61
0
0
6.99

6.92
1.73
4.54
187.36
62.36
52.96
42.95
41.05
0.18
0.17
1.94
11.80
13.62
0
0
13.00

9.52
2.32
5.63
282.24
85.31
72.51
59.33
65.02
0.31
0.14
2.84
12.83
16.22
0
0
50.16

15.44
3.90
9.65
427.00
146.46
113.08
90.33
84.68
0.88
0.83
4.97
23.59
26.91
2.07
1.04
74.73

Max.
SP

NP

23.16
5.80
10.96
701.28
222.35
166.63
124.95
127.19
1.26
0.57
7.29
20.97
31.41
1.04
2.04
33.94

35.75
9.14
18.28
921.30
316.40
205.13
183.45
152.97
3.51
3.34
14.57
35.39
46.79
8.12
2.21
53.98

PMTDI values (ng/kg bw. day): AFB1 and AFB2 =as low as possible, NIV = 1200, DAS = 100, FB1 = 2000, OTA= 17, DON =
1000, HT-2 = 100, ZEA =250.
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Table 6.4

Deterministic dietary exposures (ng/kg bw. day) of mycotoxins using the medium bound scenario at fixed mean
cereal consumption and variable mycotoxins concentration
Values exceeding the PMTDI are shown in bold
Children
Min.
SP NP

Mean
SP

AFB1

0

0

AFB2
OTA
FB1

0
0

FB2

Adults

NP

Max.
SP

NP

Min.
SP NP

Mean
SP

9.65

16.00

0
0

2.38
5.82

0

0

0

0

NP

Max.
SP

NP

76.90

83.71

0

0

9.52

15.44

77.26

79.04

4.05
9.75

31.56
109.17

19.83
163.62

0
0

0
0

2.32
5.63

3.90
9.65

31.12
107.87

18.62
166.26

285.25

435.85

1335.6

2287.2

0

0

282.24

427.00

1287.4

2208.1

87.45

149.70

948.86

1111.4

0

0

85.31

146.46

907.42

1037.5

FB3
0
0
70.97
111.07 902.08 1068.7 0
0
72.51
113.08 902.08 1068.7
NIV
0
0
60.61
91.09
529.27 670.95 0
0
59.33
90.33
524.54 676.46
DON
0
0
67.15
86.11
456.21 787.67 0
0
65.02
84.68
456.21 787.67
3-ADON
0
0
0.39
1.08
10.29
32.91
0
0
0.31
0.88
8.33
26.67
15-ADON 0
0
0.18
1.03
10.29
28.29
0
0
0.14
0.83
8.33
22.92
DAS
0
0
2.98
5.50
33.10
58.95
0
0
2.84
4.97
30.56
50.38
T-2 toxin
0
0
13.63
24.77
0
12.83
23.59
292.50 360.00 0
275.45 342.86
HT-2
0
0
16.83
27.41
0
16.22
26.91
246.45 309.83 0
235.70 301.00
STREG
0
0
0
2.14
9.15
18.72
0
0
0
2.07
9.04
18.12
ROQ-c
0
0
0
1.54
15.24
23.5
0
0
0
1.04
15.04
23.21
ZEA
0
0
51.36
75.48
0
50.16
74.73
540.75 604.13 0
275.45 342.86
PMTDI values (ng/kg bw. day): AFB1 and AFB2 =as low as possible, NIV = 1200, DAS = 100, FB1 = 2000, OTA= 17, DON = 1000, HT2 = 100, ZEA =250.
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6.3.4 Cancer Risk and Margin of Exposure
Risk characterization due to AFB1 exposure by cereal consumption was measured using
the margin of exposure (Table 6.5) and liver cancer risk approach (Table 6.6). Margin
of exposure was calculated using BMDL10 in rodents (170 ng/kg bw. day) [290]. A
MoE greater than 10,000 is considered as low health concern [112].
MoE values were calculated at exposures of fixed AFB1 concentration and
variable cereal consumption by adults and children of SP and NP (Table 6.5). The mean
MoEs were 17.86 and 17.62 for adults and children of SP, respectively. The calculated
average MoEs were 11.01 and 10.63 in adults and children of NP, respectively. Rice
was causing the highest cancer risk and dietary exposure of aflatoxins. According to
the results, the population in NP is at a higher risk as compared to that of SP. In addition,
all of the MoE values were <10,000 in both regions, indicating a high risk due to AFB1
exposure through cereal consumption in Pakistan.
Table 6.5

Estimation of margin of exposure in children and adults of
Pakistan.
Calculation are based on medium bound exposures at fixed mean AFB1 concentration
and variable consumption data
South Punjab

North Central Punjab

Margin of exposure

Adult

Children

Adult

Children

Mean
Minimum
Maximum

17.86
35.71
7.34

17.62
35.05
7.15

11.01
24.57
4.76

10.63
23.55
4.61

AFB1, the potent human carcinogen, is synergistically linked to human primary
liver cancer highlighting a cancer burden in developing countries. The risk of liver
cancer in individuals exposed to chronic hepatitis B virus (HBV) infection together with
aflatoxins is 30 times higher than the risk in individuals exposed to aflatoxins only
[291]. The age standardized rate (ASR) of liver cancer (HCC) is 3.6 cases per 100,000
per year in Pakistani population with a 2.9% incidence [292]. A weighted average of
hepatitis B antigen prevalence in children was 2.4% (range 1.7–5.5%), and that in the
adult population was 2.4% (range 1.4 -11%) [200]. Taking the HBV prevalence rate in
Pakistan into account, the risk estimates of aflatoxin induced HCC cases were
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calculated by the deterministic approach using a fixed mean AFB1 concentration and
variable consumption.
The calculated mean cancer risk in adults and children population of SP in
Pakistan were 0.161 and 0.164 cases per year per 105 population, respectively. While,
the risk of development of liver cancer in adults and children of NP was calculated to
be 0.262 and 0.271 cancers/ 105 per year, respectively. The data showed at maximum
that the total liver cancer risk associated with the cereal consumption in Pakistan was
1.340 and 1.418 HCC cases/year/105 in adults and children, respectively. Considering
% age of hepatitis B virus infection in Pakistan to be 2.4, about 100-1350 adults (minmax.) and 150-1400 children cancer cases per year in Punjab, Pakistan are at liver
cancer risk.
Table 6.6

Estimation of cancer risk (cases per 105 persons per year) using
exposures at medium bound values

At fixed AFB1 level
Cancer
South Punjab
North Punjab
cases
Adult Children Adult Children
Mean
0.161 0.164
0.262 0.271
Min
0.081 0.082
0.117 0.122
Max
0.393 0.403
0.606 0.626

At fixed consumption level
South Punjab

North Punjab

Adult
0.161
0.000
1.310

Adult
0.262
0.000
1.341

Children
0.164
0.000
1.304

Children
0.271
0.000
1.420

It is obvious from these results that intake of contaminated cereals is of great
public health concern. Our results for the estimated cancer risk and MoE due to AFB1
intake by cereal consumption are comparable with previous studies reported in Brazil
[284], and Malaysia [293]. While, because of the low contamination level in foods, the
estimated dietary cancer risk in Japan is much lower as compared to our study results,
even at 99.9th percentile it was 0.00059-0.00067 cancer/year/105 population assuming
1 % HBV prevalence rate [294].
The mean cancer risk and margin of exposure in Brazil, with a 0.37% prevalence
rate of HBV, were 0.0753 cancer/year/105 and 25 MoE, respectively [284]. The liver
cancer risk in Malaysia by total dietary AFB1 as calculated by eliminating high
contamination data was 0.01–0.26 cancer/year/105 population, with a 0.2-2.1%
contribution in liver cancer cases, while by adding high contamination data the value
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increased up to 0.61-0.85 cancer/year/105 population, making 12.4-17.3% of liver
cancer cases [293].
The higher level of cancer risk and margin of exposure were reported in Chinese
[295], Vietnamese [274], and African population [275]. The cancer risk and margin of
exposure in the Chinese population were 0.2-2.65 (UB-LB) cancer/year/105 population
and 1.8-24.1 (UB-LB) MoE, respectively using 14.3% prevalence rate of HBV [295].
The mean cancer risk and margin of exposure in Vietnam were 1.51 cancer/year/105
individuals and 8 MoE, respectively using 20% prevalence rate of HBV [274]. Another
study in Africa reported a cancer risk of 1.1 cancer/year/105 population considering
25% HBV prevalence rate and MoE of 12.1 for Gambia [275]. The estimated mean
cancer risk of 2.3 cancer/year/105 population of the consumers was reported for
Northern Vietnam, considering 20% HBV prevalence rate while in adults the value of
cancer risk was 1.2 cancers/year/105 population [252]. This might be because of high
contamination levels of AFB1 in cereals and high consumption levels as well as high
prevalence rate of HBV in those countries.
To minimize the risk of synergistic effect between aflatoxin exposure and HBV
infection, improvement in HBV vaccination as well as measures for reduction of
aflatoxin contamination in foods are necessary. The risk characterization of multiplemycotoxins in cereals would be useful for setting mycotoxin priority in adopting control
measures. Moreover, the measured mycotoxin exposure due to cereals in this study can
be used in the future total dietary exposure estimate in Pakistan, as the burden of cancer
risk depends on cumulative exposure.

Conclusion
Risk assessment of mycotoxins in adults and children of the Pakistani population in SP
and NP by cereal intake was performed after attaining consumption data of cereals (rice,
maize and wheat) by conducting food frequency questionnaires. The mycotoxin
contamination profile of Pakistani cereals has shown prevalence of AFB2, AFB1, NIV,
DAS, FB1, FB2, FB3, OTA, DON, T-2 toxin, HT-2, STREG, ROQ-c and ZEA. Our
results indicated that dietary exposure to mycotoxins through cereals was higher in
children as compared to the adults, and higher in NP as compared to SP. The MoE of
AFB1 was remarkably lower than the recommended safe limits. Moreover, there is a
potential risk in developing aflatoxin induced hepatocellular carcinoma (HCC) in
105
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Pakistan because of contaminated cereal consumption. Furthermore, Pakistani
population is not exposed to a single mycotoxin but facing exposure to multiple
mycotoxins. On the basis of aflatoxin intake through cereal (rice, wheat, maize)
consumption, on average 100-1350 adults (min-max.) and 150-1400 children per year
in Punjab, Pakistan are at liver cancer risk. This study highlights the need to establish
regulatory guidelines regarding mycotoxins in Pakistani foods and regular monitoring
of highly consumed foodstuff especially cereals. A cumulative risk assessment from
the exposures of multi-mycotoxin is also needed to be thoroughly studied in future.
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7

Isolation of Rice Mycoflora, and Study of
Anti-fungal Activity of Essential Oils

Summary
Aflatoxin B1 has been found as one of the serious contaminants in rice. This study
investigated the mycoflora prevalent in rice and extent of aflatoxin production by
Aspergillus flavus isolates and then subsequent inhibition of A. flavus growth and the
production of aflatoxin B1 using essential oils. Five fungal genera were isolated, among
which, Aspergillus was found to be the most dominant genus. Then screening of
isolated A. flavus for their aflatoxigenic potential revealed that they produce varying
levels of toxin. Selected aflatoxin hyper-producing isolate of A. flavus R-64 was used
for the inhibition studies. Essential oils (EO) from peel of Citrus sinensis, C. reticulate,
C. limetta, and C. aurantifolia; from seeds of Elettaria cardamomum and Cuminum
cyminum; and from leaves of Eucalyptus citriodora and E. camaldulensis has been
tested for their growth inhibitory effects on the aflatoxigenic A. flavus isolate on plate
assay and for the inhibition of AFB1 production by the A. flavus in rice. The study
findings depicted that these essential oils are potentially cost effective and biologically
safe approach to prevent fungal growth and aflatoxin B1 contamination in food and
feed.

7.1

Introduction

Food safety is a grave concern in the modern era, both to the consumer and the food
industry due to the health and economic reasons. The growth of fungi is one of the
significant reasons for food spoilage and plant diseases that cause tremendous economic
loss [296]. Aflatoxins are secondary fungal metabolites of Aspergillus parasiticus, A.
flavus and A. nominus. These aflatoxin producing fungi can grow over diverse
environmental conditions and, therefore, are found widely in nature. Some of the
hazardous effects that have been reported due to the presence of aflatoxins in food are
as follows: carcinogenicity, mutagenesis, hepatotoxicity, and teratogenicity [297]. The
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most prevalent carcinogen of these toxins is aflatoxin B1 and it has been classified as a
Group I carcinogen by IARC [18].
Many synthetic preservatives are being used to eradicate fungus and inhibition
of aflatoxin production but studies have shown many negative impacts on the health of
consumers [298]. So, there is a need of safe alternative of synthetic chemical
preservatives, which are economical, safe for health and capable of completely
eradicating the contamination in food [299, 300]. Essential Oils (EO) have been used
throughout history for food preservation due to their antimicrobial properties. They are
mostly liquids obtained from different parts of plants and herbs and their use in drugs
have been documented by Paracelsus von Hohenheim in 16th century [301]. Recent
studies are focused on the use of these essential oils for their antifungal activity [297,
299, 302-310]. Many essential oils have shown antifungal and anti-aflatoxigenic
properties and are characterized as generally recognized as safe (GRAS). Alpsoy
reviewed the essential oils from 32 plants for their antiflatoxigenic activities indicating
their mode of action and reporting the active compounds [311]. The inhibition activity
depends upon the composition of these EOs that mainly consist of monoterpene
hydrocarbons,

sesquiterpene

hydrocarbons,

oxygenated

monoterpenes,

and

oxygenated sesquiterpenes, which are highly active on their own as well as
synergistically [312, 313].
Aspergillus flavus contaminate rice by producing AFB1 under the conditions
favourable for fungal growth. This contamination causes severe health and economic
losses in Pakistan. The economic loss becomes significant owing to the fact that rice is
not only ranked as the second largest staple food but also a part of international trade
as well. Moreover, the exposure assessment study (chapter 6) showed that among the
three major cereals, rice causes greater risk of dietary intake of aflatoxin B1 as well as
other mycotoxins. So, the study focuses on isolation and morphological identification
of mycoflora in rice from Pakistan and determination of toxigenic potential of A. flavus
isolates by measuring the levels of AFB1 production in rice. The study involved the
evaluation of in-vitro and in-vivo antifungal and anti-aflatoxigenic potential of eight
selected essential oils against A. flavus isolates in rice. Furthermore, the chemical
composition of the EOs was also determined as it is important for understanding the
active compounds and their possible mode of action.
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7.2

Materials and Methods

7.2.1 Isolation and Identification of Rice Mycoflora
To isolate fungi from rice, direct plating method was used. Detailed protocol of the
method is given under Section 2.11 in Chapter 2.

7.2.2 Aflatoxigenic Potential of Aspergillus flavus Isolates
All the Aspergillus flavus isolates were studied for their potential to produce aflatoxins
by incubating onto the rice following the procedure as explained in Section 2.12 in
Chapter 2.

7.2.3 Plant Collection and Preparation of Essential Oils
The scientific and common names of plants and their parts used in the study are given
in Table 7.3. The extraction of essential oils was performed by the method illustrated
in Section 2.13 Chapter 2.

7.2.4 Chemical Composition Analysis of Essential Oils by GC-MS
Chemical composition of essential oils was determined by gas chromatography
equipped with mass spectrometer. The detailed description about the instrument and
the parameter used for chemical analysis and data interpretation are given in Section
2.14 Chapter 2.

7.2.5 Fungal Growth Inhibition Assay
Screening of essential oils from the eight plants to find out their activity against fungal
growth inhibition was done using food poisoning technique as described in Section 2.15
Chapter 2.

7.2.6 Inhibition of Aflatoxin Production In-vivo
Evaluation of essential oil efficacies to inhibit aflatoxin B1 production in rice was
performed by inoculation of rice with A. flavus followed by applying different
concentrations of essential oils to rice, as discussed in Section 2.16 in Chapter 2.

7.2.7 Staistical Analysis
Data were subjected to ANOVA and Tukey’s multiple range at P≤ 0.05 using DSSTAT
software.
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7.3

Results and Discussion

7.3.1 Mycoflora Isolated and Characterized from Contaminated Rice
The identification of isolated mycoflora from rice samples was based on morphological
characterization: macroscopic (colour, texture and diameter of pure fungal colony) and
microscopic (shape of conidiophore and conidia) (Figure 7.1) [202-204]. The results
of frequency of occurrence of different fungi isolated from rice samples (Table 7.1)
indicated that the most dominant genus was Aspergillus followed by Penicillium and
Fusarium. Three species of Aspergillus were found, among which the most prevalent
one was Aspergillus flavus with a frequency of occurrence of 54.65%, followed by A.
niger (20.84%), and A. fumigatus (10.29%) (Table 7.1). This was followed by genus
Penicillium with species Penicillium islandicum (38.51%) and Penicillium citrinum
(31.26%). While, Fusarium graminearum, Fusarium verticillioides, Fusarium
subglutinans, Fusarium sporotrichioides, and Fusarium solani with frequencies of
occurrence of 22.87%, 20.98%, 5.72%, 8.65% and 13.02%, respectively were the
species found in Fusarium genus. The frequencies of occurrence of the least occurrence
genera among all isolated mycoflora, Alternaria alternata and Curvularia lunata, were
3.64% and 1.74%, respectively.
Morphological characterization of mycoflora in rice showed three dominant
genera Aspergillus, Penicillium and Fusarium. The results were similar to mycoflora
reported in rice from Vietnam [314], Uganda [315], Pakistan [316], Brazil [317] and
India [318]. The study results also revealed the dominated presence of Aspergillus
flavus in agreement with other studies [224, 319, 320].
In contrast, the fungal mycoflora in rice from South Korea indicated Fusarium
genera as predominant fungi followed by Penicillium, Phoma, Myrothecium and
Cladosporium [321]

An investigation for fungal contamination in rice samples

collected from Egypt identified six fungal genera namely, Penicillium followed by
Aspergillus, Fusarium, Rhizopus, Mucor and Alternaria [322] Another study from
South Korea found Penicillium citrinum, Aspergillus candidus and Fusarium
proliferatum as the prevalent species among rice mycoflora [323]. The common fungal
genera in contaminating Nigerian rice were Aspergillus and Penicillium, while
Fusarium was not found [324]. The inconsistencies might be due to sampling strategy
(freshly harvested /stored) or because of differences associated with climatic
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conditions, varietal differences in rice, management of mechanical damage caused by
insects and rodents.
Table 7.1
Sr.#
1
2
3
4
5
6
7
8
9
10
11
12

Incidence of occurrence (%) of various fungal genera isolated from
rice.
Fungal species isolated
Aspergillus flavus
Aspergillus niger
Aspergillus fumigatus
Penicillium islandicum
Penicillium citrinum
Fusarium graminearum
Fusarium verticillioides
Fusarium subglutinans
Fusarium sporotrichioides
Fusarium solani
Alternaria alternate
Curvularia lunata

Frequency of occurrence (%)
54.65
20.84
10.29
38.51
31.26
24.87
20.98
5.72
8.65
13.02
3.64
1.74
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Figure 7-1
Mycoflora isolated from rice, pure cultures of isolates
(A) Aspergillus flavus, (B) Aspergillus niger, (C) Aspergillus fumigatus, (D) Penicillium islandicum, (E) Penicillium citrinum, (F)
Fusarium graminearum, (G) Fusarium verticillioides, (H) Fusarium subglutinans, (I) Fusarium sporotrichioides, (J) Fusarium solani, (K)
Alternaria alternate, (L) Curvularia lunata
112

7. Inhibition Study

7.3.2 Aflatoxigenic Fungi and its Potential to Produce AFB1
The toxin production capability of all the A. flavus isolates was checked in rice (Table
7.3). The results showed that majority of the A. flavus isolates (91.7%) were
alflatoxigenic as they produced AFB1 and AFB2 and only 8.3% isolates did not produce
any aflatoxins. While AFG1 and AFG2 were not produced by any of the isolate. Among
the tested isolates (n=47), 40% produce AFB1 between 1-10 µg/g of rice, 42% in the
range of 11-50 µg/g, while 16.4% were found to be exhibit even higher production of
the aflatoxin with their production levels for AFB1 in the range of 51-100 µg/g of rice
(Table 7.3). Out of these tested strains, the top most aflatoxin producing strain A. flavus
R-64 was selected for further experimentation on inhibition of aflatoxin B1 production
and fungal growth.
A. flavus isolates from rice have the potential to produce aflatoxin B1 in the
range of 1.2- 415 µg/g rice grains [224], 0.03-10.416 µg/g rice grains [325], 23-49
µg/ml media [326], and >25 μg/ml media [327]. A fraction of 37% out of 127 isolates,
isolated from Chinese rice samples, produced AFB1 at the levels ranging from 0.175 to
124.101 μg/g (average 5.884 μg/g) in the culture of rice grains [328]. A. flavus isolates
from Philippines rice produced AFB1 in the range from 1 to 6227 μg/g [329]. Reddy et
al. [330] revealed the toxigenicity of A. flavus isolates yielding 3.125 to 15.645 μg/g of
AFB1 on rice culture. As rice is a good substrate, high production level of AFB1 by A.
flavus isolates was observed in rice grain cultures. It might also be due to favourable
conditions during culturing as compared to the real food samples where the AFB1
contamination level was found low.
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Table 7.2

AFB1 production potential of isolated A. flavus strains on polished
white rice grains.

Sr.
no.

A. flavus
isolates

Production of
AFB1 (µg/g)

Sr.
no.

A. flavus
isolates

Production of
AFB1 (µg/g)

1.

A. flavus R1

30.55 ± 4.1

20.

A. flavus R30 3.65 ± 1.3

2.

A. flavus R2

26.32 ± 3.1

21.

A. flavus R44 42.70 ± 4.1

3.

A. flavus R3

8.21 ± 1.7

22.

A. flavus R45 30.13 ± 3.1

4.

A. flavus R5

55.76 ± 5.4

23.

A. flavus R47 90.65 ± 8.1

5.

A. flavus R8

42.87 ± 5.3

24.

A. flavus R48 4.21 ± 2.1

6.

A. flavus R11 1.54 ± 0.3

25.

A. flavus R49 3.61 ± 1.3

7.

A. flavus R13 25.87 ± 3.8

26.

A. flavus R51 53.21 ± 5.1

8.

A. flavus R15 33.07 ± 2.4

27.

A. flavus R53 28.76 ± 2.4

9.

A. flavus R16 30.56 ± 4.0

28.

A. flavus R55 73.68 ± 7.1

10.

A. flavus R17 34.97 ± 3.5

29.

A. flavus R57 5.63 ± 2.6

11.

A. flavus R18 40.78 ± 4.1

30.

A. flavus R58 61.81 ± 3.4

12.

A. flavus R19 29.92 ± 2.2

31.

A. flavus R59 4.38 ± 1.6

13.

A. flavus R20 48.43 ± 4.5

32.

A. flavus R60 3.48 ± 1.4

14.

A. flavus R22 25.12 ± 2.7

33.

A. flavus R64 100.23 ± 9.8

15.

A. flavus R23 35.56 ± 4.4

34.

A. flavus R66 4.99 ± 1.5

16.

A. flavus R24 27.43 ± 2.9

35.

A. flavus R68 3.81 ± 1.1

17.

A. flavus R25 57.71 ± 6.1

36.

A. flavus R70 5.61 ± 1.9

18.

A. flavus R27 5.13 ± 1.4

37.

A. flavus R74 6.18 ± 2.5

19.

A. flavus R29 4.92 ± 1.1

-

-

-

7.3.3 Extraction and Composition Analysis of Essential Oils
Essential oils extraction was performed by hydro-distillation, the plant materials
used for study and extraction yield is given in Table 7.4. Quantitative and qualitative
analysis of essential oils from eight plants C. sinensis (orange), C. reticulate (Kinnow),
C. limetta (Mussambi), C. aurantifolia (Lime), E. cardamomum (Cardamom), C.
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cymimium (Cumin), E. citradora (Lemon eucalyptus) and E. camaldulensis (Red river
gum) was performed by gas chromatography mass spectrometry. Representative
GC/MS chromatograms are shown in Figures 7.2-7.4 and detailed chemical
composition is described in Table 7.5.
GC-MS analysis of citrus essential oils showed that lime (C. aurantifolia)
contained limonene (59.27 %) as the most abundant compound followed by: (2R,4R)p-mentha-6,8-diene, 2-hydroperoxide (3.91%), (2S,4R)-p-mentha-6,8-diene, 2hydroperoxide (3.2%), β-myrcene (3.07%), trans-carveol (2.31%), carvone (2.15%),βphellandrene (2.27%), α-pinene (1.7%) and cis-limonene oxide (1.57%). The most
abundant compound in orange (C. sinensis) was also found to be limonene (75.59%)
followed by β-myrcene (5.44%), α-pinene (1.66%) and β-phellandrene (1.63%).
Limonene was also found to be the most abundant compound in Kinnow (74.37%) and
the abundance decreased in the following order: β-myrcene (4.49%), octanal (2.03%)
and α-pinene (1.83%). The abundance of Limonene was dominant in Mussambi (C.
limetta) as well with 59.25% of the identified EO, and it was followed by (2R,4R)-pmentha-6,8-diene,

2-hydroperoxide

(3.81%),

(2S,4R)-p-mentha-6,8-diene,

2-

hydroperoxide (2.78%), carvone (2.78%), trans-carveol (2.75%), cis-limonene oxide
(2.12%) and trans limonene oxide (1.93%).
In cardamom (E. cardamomum), the compound in the highest amount was found
to be eucalyptol that was 30.45% of the total of the identified compounds. The
following compounds were in significant amounts as well in the descending order:
eugenol (9.32%), cuminaldehyde (5.71%), α-terpineol (4.38%), trans-nerolidol (4.1%),
δ-cadinene (4.1%), cinnamaldehyde (4.02%), β-pinene (3.32%), eugenole acetate
(2.96%), copaene (2.55%), α-muurolene (1.87%), p-cymen-7-ol (1.5%) and α-pinene
(1.48%). On the other hand, cuminaldehyde was the most abundant compound in
Cumin (37.89%) followed by cumic acid (15.97%), p-cymen-7-ol (6.41%), 3-caren-10al (8.14%), m-cymene (5.66%), eucalyptol (4.38%), τ-terpinen (2.69%), eugenol
(2.44%) and eugenol acetate (1.1%).
The most abundant compound in E. cumadulensis was found to be eucalyptol
(31.24%), while other compounds were found in the following amounts: spathulenol
(25.33%), isoaromadendrene epoxide (20.4%), m-cymene (4.69%), limonene (4.21%),
citronellal (2.26%), alloaromadendren (2.2%), p-cymen-8-ol (1.37%), 4-terpineneol
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(1.1%) and α-Pinene (1.03%). Meanwhile in E. citridora, the compound with highest
amount was citronellal (51.68%) and the following compounds in the following
amount. β-citronellol (8.14%), limonene (7.85%), citronellol acetate (7.61%),
isopulegol (6.05%), β-caryophyllene (4.81%), α-pinene (2.04%), p-menthane-1,8-diol
(1.97%), and eucalyptol (1.28%).
Table 7.3

Common and scientific names of plants, their parts used and yield
(%) of essential oils by hydro-distillation.

Common Name
Orange
Kinnow

Scientific Name
Citrus sinensis
Citrus reticulate

Plant part
Peel
Peel

% yield
0.251 %
0.173 %

Mussambi

Citrus limetta

Peel

0.273 %

Lime

Citrus aurantifolia

Peel

0.197 %

Cardamam

Elettaria cardamomum

Seed

5.2 %

Cumin

Cuminum cyminum

Seed

3.8%

Lemon eucalyptus

Eucalyptus citriodora

Leaves

1.16 %

River red gum

Eucalyptus camaldulensis Leaves

0.61 %

The chemical composition of essential oils depends on the species, genetic
factors, environmental factors and post-crop processing [310]. The analysis showed that
EO from Citrus spp. were higher in monoterpene hydrocarbons especially Limonene.
The results are in line with many other studies performed on citrus plants as they also
showed high concentration of monoterpenes [205, 308, 309, 331, 332]. Although all
the studies showed higher amounts of monoterpenes, the individual composition of
each compound vary from study to study depending on nature of species, extraction
method and genetics [299]. In our study, limonene has been identified as the major
component of citrus oils. A study by Ferhat et al. [331] on EO of four different Citrus
species also showed similar results and limonene concentration in their species ranged
from 69-95%. Another abundant component identified in the study is β-Myrcene and
its concentration ranges from 1.09 to 1.87% [331]. In our study, the concentrations of
β-Myrcene were higher among citrus species ranging from 0.88 to 5.44%, which are
similar to the results showed by another recent study (3.22%) [333]. The number of
oxygenated monoterpenes was also high (4-24.33%) with trans-carveol, citronellol and
cis-carvone having significant concentrations. These results are in line with the study
done by Kamal et al. [334]. Essential oils from lime and mussambi showed high
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amounts of some rare compounds such as (2R, 4R)-p-Mentha-6,8-diene, 2hydroperoxide (3.81-3.91,%) and (2S, 4R)-p-Mentha-6,8-diene, 2-hydroperoxide
(2.78-3.2%) in contrast to many other studies as the amounts mostly ranged from 0.020.9% [331-334]. Another study also showed the presence of these compounds [335]
suggesting that they might have formed by the singlet-oxygen oxidation of limonene
[298].
The chemical composition of EO from spices (Cumin and cardamom) showed
high concentrations of oxygenated monoterpene and monoterpene hydrocarbons.
Similar results were obtained by other studies showing cuminaldehyde and cumic acid
as the major components [336-338]. A study by Dubey et al. [339] showed similar
results using GC-MS studies. The cuminaldehyde concentration ranged from 25-34%
of the total concentration. The difference was in the concentration of β-Pinene. Our
results showed a concentration of 5.66% while Dubey et al. [339] reported a
concentration of 14-15%. The chemical analysis of cardamom oil have identified
eucalyptol (34%) and eugenol (9%) as the major component that are in accord with the
results presented by previous studies [338]. Cumin also showed significant amount of
eucalyptol (4.385%).
Oxygenated sesquiterpenes and oxygenated monoterpene were the common
constituents of Eucalyptus oils as shown in Table 7.5. Eucalyptol (30.45%) and
spathulenol (25.44%) were the most common compounds in E. camaldulensis oil. The
findings are similar to other studies [340, 341]. A 2011 study conducted by Elaissi et
al. [340] used essential oils from 20 Eucalyptus species also showed similar results
identifying eucalyptol (cineol), globulol and spathulenol as major compounds ranging
from 2.7-70%, 5.3-12.7% and 1.7-17.6% respectively. The E. citradora had citronella
(51%) and eucalyptol (7.5%) as major components, which were also in line with many
other studies [340, 342].
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OIL-5.mussambi #903-920 RT: 11.50-11.64 AV: 17 NL: 5.13E6
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Figure 7-2
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CARDAMOM #907-929 RT: 11.54-11.72 AV: 23 NL: 3.72E6
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Table 7.4

Chemical composition, retention time (RT), retention index (RI), and concentration (%) of essential oils
determined by GC/MS analysis

RT

RI

Compound

Lime

Orange

Kinnow

Mussambi

Cumin

Cardamam

Cumadulensis

Citridora

8.36
9.63
9.72
10.2
10.52
11.21
11.42
11.49
12.45
13.73
14.38
14.76
14.85
14.9
15.14
15.37
16.12
16.3
16.55
16.98
17.43
17.68
17.8
18.02
18.15
18.24
18.91

933
973
976
991
1002
1023
1030
1032
1061
1101
1122
1135
1137
1139
1147
1154
1178
1184
1192
1206
1222
1230
1234
1242
1246
1249
1272

α-Pinene
β-Phellandrene
β-Pinene
β-Myrcene
Octanal
m-Cymene
Limonene
Eucalyptol
τ-Terpinen
Linalool
trans-p-Mentha-2,8-dienol
cis-Limonene oxide
cis-p-Menth-2,8-dienol
trans-Limonene oxide
Isopulegol
Citronellal
4-terpineneol
p-Cymen-8-ol
α-Terpineol
Decanal
trans-Carveol
β-Citronellol
cis-Carveol
β-Citral
Cuminaldehyde
carvone
α-Citral

1.7
2.27
0.83
3.07

1.66
1.63

1.83
0.92

1.36
0.49
2.2
0.88

0.44

1.03

2.04

5.66
0.14

1.48
0.4
3.32
0.46

0.43
59.25

5.41

0.82

4.69
4.21
31.24

0.02
59.7

0.26
0.74
1.57
0.54
0.8
0.25

0.4
2.31
0.12
1.04

5.44

4.49
2.03

75.79

74.37

0.25
0.59
0.02
0.04

0.21
0.6
0.03
0.04
0.02
0.11

0.19

4.38
2.69

30.45
0.29

0.46
0.14

0.15

0.12
0.71
0.07
0.4

0.28
1.29
0.14
0.15

0.2

0.11
0.34

1.48

0.46

4.38

0.42
0.07
8.14

0.16
37.89

0.87

2.26
1.1
1.37
0.12

6.05
51.68

2.75
1.42

0.51

7.85
1.28
0.79

0.34
0.89
2.12
0.86
1.93

0.66
0.22

0.03
2.15

0.63
0.34

0.1
0.27

2.78
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19.02
19.48
19.55
19.69
19.75
20.33
20.75
20.95
21.25

1276
1291
1294
1299
1301
1322
1337
1344
1355

21.36
21.41

1359
1360

21.60
21.98

1367
1381

22.05
22.36
23.2
23.56
24.1
24.22
24.58
24.66
24.7
24.84
25.00
25.28
25.49
25.86
25.92

1383
1395
1426
1440
1460
1465
1479
1482
1483
1489
1495
1506
1514
1529
1532

Cinnamaldehyde
p-Cymen-7-ol
Thymol
3-Caren-10-al
Perilla alcohol
Citronellic acid
p-Menthane-1,8-diol
p-Menth-8-en-1,2-diol
Citronellol acetate
Cyclohexene, 2-ethenyl1,3,3-trimethylEugenol
2R,4R)-p-Mentha-6,8diene, 2-hydroperoxide
Copaene
(2S,4R)-p-Mentha-6,8diene 2-hydroperoxide
β-Elemene
β-Caryophyllene
α-Bergamotene
α-Caryophyllene
Alloaromadendren
Cumic acid
Acoradiene
γ-Muurolene
β-Cubebene
β-Selinene
α-Muurolene
β-Bisabolene
β-Cadinene
δ-Cadinene

6.41

4.02
1.5
0.57

8.14
0.24

0.53
0.73
1.97
1.14
7.61

1.27

1.02
2.44

3.91

3.81
0.12

0.57

2.55

3.2
0.39
0.95

9.32

2.78
0.05
0.27
0.03

0.45
1.38

0.35
1.31

0.12
4.81

0.7
0.27

0.34

0.28
2.2

15.97
0.53
0.08

0.79
0.42
0.79
1.87

0.43
0.07

1.2

0.16
0.02

0.87
0.21

0.95
4.1
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26.00
26.83
27.31
27.41
27.47
28.87
28.95
29.39
30.54
32.62
35.80

1535
1568
1587
1591
1594
1652
1656
1674
1724
1817
1968

Eugenol acetate
trans-Nerolidol
Spathulenol
Isoaromadendrene epoxide
β-Caryophyllene oxide
tau.-Muurolol
δ-Cadinol
Ar-tumerone
Farnesol
Nootkatone
Hexadecanoic acid
Major Classes in EO.
Monoterpene
hydrocarbon
Oxygenated monoterpene
Sesquiterpenes
hydrocarbon
Oxygenated
sesquiterpenes
Aliphatic esters
Aromatics
Others
Total Identified

0.09

0.14

2.96
4.1
1.11

0.21

0.63

0.87
0.94
0.43

0.12

0.56

0.14

0.09
0.08

1.19

0.29
0.56
0.29

0.32
0.36
1.07

0.35

0.13

1.1
0.11
0.25

25.33
20.4

0.1
0.3

Lime

Orange

Kinnow

Mussambi

Cumin

1.06
Cardamam

75.43

92.52

87.00

73.58

12.51

7.35

10.57

11.37

19.36

5.09

4.26

24.33

84.67

60.89

38.41

74.47

1.48

0.70

3.78

0.78

0.57

11.31

2.34

5.77

3.74

1.69

2.78

1.36

1.06

11.34

48.67

0.42

Cumadulensis

Citridora

7.97
1.18
90.72

91.35

2.16
93.8

89.20
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7.3.4 Growth Inhibition of Aspergillus flavus by Essential Oils
Essential oils from eight plants were evaluated for their efficacy in growth inhibition of
hyper producing aflatoxigenic isolates A. flavus R64. Figure 7.5 and Table 7.6 depict
that cumin seed oil showed maximum inhibition of growth of mycelia - 78.6%, 94.3%,
and 100% after treatment with 50, 100 and 150 ppm, respectively. This was followed
by Eucalyptus citriodora leaf oil showing 100% inhibition at the concentration of 250
ppm. While at 500 ppm concentration 100% inhibition in mycelial growth was recorded
for cardamom seed oil as well as for E. cumadulensis. Mussambi and lime peel oils
showed 100% growth inhibition of A. flavus at 750 ppm. The results indicated that no
growth of A. flavus was observed at 1000 ppm concentration by kinnow and orange
peel oils (Table 7.6).
Many previous studies have identified the potential of essential oils for
completely eradicating fungus for example Curcuma longa L. [343, 344], Santolina
chamaecyparissus [345], Mentha cardiac L. [346], Melissa officinalis [347], Nectandra
[348], Curcuma longa L. [297], Cinnamomum glaucescens [349], Mikania scanders
[350], and Michelia alba [351]. Some studies were also focused on the antifungal
activities against a specific fungal species such as wood-rot fungi [310], Aspergillus
flavus [310], Aspergillus niger [205], Fusarium oxysporum [305], Oculimacula
yallundae, Pyrenophora teres, Microdochium nivale, Zymoseptoria tritici and
Fusarium culmorum [352].
The comparison of antifungal activities has identified the great potential of
cumin seed oil for the prevention of A. flavus. The oil showed 100% inhibition of fungal
growth at 150 ppm (0.125 μl/ml). The MIC value of cumin seed oil is much lower than
the MIC reported for other essential oils [337, 353, 354] that makes it economically
applicable for the inhibition of food related fungi. A previous study by Kedia et al.
[302] reported 100% inhibition of many Aspergillus sp. by 0.6 μl/ml of cumin seed oil.
Similarly, another study reported 250 ppm concentration as MIC90 for cumin oil [353].
The MIC value of 1000 ppm against A. flavus, reported for cumin oil by
Mohammadpour et al. [337] might be due to different chemical composition. The
results of cardamom oil can be compared to the study done by Kapoor et al. [355]. The
study reported 100% inhibition of A. flavus growth by 6 μl dose of cardamom oil. In
our study, complete inhibition was observed at 10 μl of cardamom oil per plate on YES
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agar media. In Kapoor et al. [335] study, the chemical composition was similar to our
study having eucalyptol (cineole) as the major component. The variation in reported
MIC might be because of the differences in chemical compositions and methodology
of anti-fungal assay. Studies have shown that cumin oil reduces the amount of
ergosterol, a basic component of fungal cell membrane that also helps in the
maintenance of cell integrity and functioning [302]. The complete inhibition of
ergosterol biosynthesis leads to decrease in fungal biomass. These results are also
supported by TEM [353, 356].
Eucalyptus citradora has also shown an impressive fungicidal activity. The oil
showed 100% inhibition of fungal growth at 250 ppm. These results are in line with the
previous studies [340, 341]. The antifungal activity of E. citradora is attributed to its
chemical composition that is high in volatile compounds. A study found that E. globulus
with 1, 8 ceniol as major component, had shown 1000 ppm MIC value against A. flavus
in contact assay, while 500 ppm for volatile assay [357]. The E. citradora has citronellal
as its major component (Table 7.5), which has been reported to have a high fungicidal
activity on its own [358]. Citronellal also disrupts the photosynthesis process thus
leading to the death of many autotrophic fungi [342]. The Eucalyptus oil is also high in
many other antifungal components such as limonene and pinene, which have also been
reported to have great antifungal activities as they disrupt the lipids of cell membrane
[332].
The essential oils of kinnow and orange peel from citrus plants showed
antifungal activity at a concentration of 1000 ppm similar to a previous study [332].
Another study reported 100% inhibition of Aspergillus niger, A. flavus, Penicillium
verrucosum and P. chrysogenum by 0.94% EO concentration [309]. While, the essential
oils of mussambi and lime from citrus class showed good antifungal activities at a lower
concentration (750 ppm) as compared to previous studies on citrus plants [309, 332].
The chemical composition of citrus essential oils is very complex and versatile but
mainly they constitute monoterpenes and oxygenated compounds [299, 331]. The
antifungal activity is mostly attributed to single compound limonene [307, 312, 313,
359] but some authors also explain the synergistic effects of phenolic and hydroxyl
groups [332, 360]. All the compounds disrupt either the metabolic pathways or the
biosynthesis of various compounds such as ergosterol [332, 346]. Limonene disturbs
the proton flow across the cell membrane resulting in the coagulation of cell contents
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[349]. The phenolic compounds are said to interact with the polar part of the membrane
thus disintegrating its structure followed by the death of fungal cells [309].
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Figure 7-5
Effect of Essential oils on growth of Aspergillus flavus
Comparison between A. flavus R64 and control at EO concentration of 50 and 100 ppm
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Table 7.5

Mycelial growth (cm) of Aspergillus flavus on PDA plates at different concentrations of essential oils.

Growth of A.flavus at various concentrations of Essential oils (ppm)
50
100
150
250
500
750
1000
aB
bB
cB
dB
eB
fB
Orange
6.5±0.2
5.6±0.2
3.4±0.2
2.0±0.1
1.4±0.1
0.8±0.1
0.5±0.1 fB
Kinnow
6.3±0.2 aB
5.3±0.2 bB 3.2±0.2 cB
2.1±0.1 dB
1.2±0.1 eC 0.8±0.1 fB
0.5±0.1 gB
Lime
5.3±0.2 aC
4.3±0.2 bC 2.2±0.1 cC
1.4±0.1 dC 0.8±0.1 eD 0.5±0.1 fC
aD
bD
cCD
dC
eD
fC
Mussambi
5.1±0.2
3.7±0.2
2.0±0.1
1.3±0.1
0.8±0.1
0.5±0.1
aE
bE
cE
dD
eE
Cardamam
4.4±0.2
2.5±0.1
1.2±0.1
0.8±0.1
0.5±0.1
aF
bE
cEF
cD
dE
E. Camadulensis 4.2±0.2
2.3±0.1
1.0c±0.1
0.8±0.1
0.5±0.1
aG
bF
cF
dD
E. Citridora
2.4±0.1
1.8±0.1
0.8±0.1
0.5±0.1
aH
bG
cG
Cumin
2.0±0.1
0.9±0.1
0.5±0.1
aA
aA
aA
aA
aA
aA
Control
7.5±0.2
7.5±0.2
7.5±0.2
7.5±0.2
7.5±0.2
7.5±0.2
7.5±0.2 aA
Values followed by the same small letter (a-g) within the same line and capital letter within same column are not significantly different
(P< 0.05) according to Tukey’s multiple range test.
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7.3.5 Inhibitory Effect of Essential Oil on AFB1 Production in Rice
After growth inhibition assay on media the efficacy of essential oils was
evaluated for the inhibition of AFB1 production by A. flavus cultured on rice. All the
EOs reduced AFB1 production level compared to the non-oil treated rice samples
(Figure 7.6). The amount of 25, 50, and 100 μl per 5 g rice of cuminum essential oil
inhibited 78.6, 94.2, and 100% of aflatoxin B1 production in rice. While, 25, 50, and
100 μl/5 g of E. citridora EO showed 61.7, 76.8 and 95% inhibitory effect on aflatoxin
production. As regards E. cumadulensis EO, the volumes of 25, 50 and 100 μl/5 g
showed 46.6, 74 and 91.7% inhibition of aflatoxin production, respectively. Similarly,
cardamom showed 40.6, 71.5 and 90.3% inhibitory effect on aflatoxin production at 25,
50 and 100 μl/5 g. A significant difference was observed in reduction of aflatoxin B1
producing capability by A. flavus in rice treated with EO of spices (cumin and
cardamom) and eucalyptus varieties as compared citrus class of essential oils (P < 0.05).
The orange, kinnow, lime and mussambi essential oils, using 100 μl/5 g volume, gave
70, 75, 87 and 89% inhibition of aflatoxin production, respectively.
The essential oils of Cumin and E. citradora showed maximum inhibition of
aflatoxin production (Table 7.6). Cumin seed oil is required in a little quantity i.e. 20
ml/kg of rice. Many other studies have also studied the effect of EO on the aflatoxin
inhibition and reported significant results [185, 297, 302, 304, 311, 332, 344, 346, 354,
361-363]. A study conducted by Jantapan et al. [362] showed 90-99% inhibition of
aflatoxin production by using 2-4 mg/ml of essential oils from six plants: finger root,
pine, rosewood, siam benzoine, Thai moringa and Ylang ylang. EO of finger root and
rosewood showed maximum anti-aflatoxigenic potential showing 99.9% inhibition by
using 2 mg/ml of EO [362].
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Level of Aflatoxin B1 production by A. flavus in essential
oils treated and control rice samples
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Figure 7-6
Anti-aflatoxigenic potential of tested essential oils
AFB1 Production in rice by applying different concentration of oils. Values are mean ±
Std. attained in two separate experiments each in triplicate set. Bars labelled with
different letter showed significant difference in the values (ANOVA, P < 0.05).
A study checked the anti-aflatoxigenic and antifungal inhibition on A. flavus by
Litsea cubeba essential oil. The complete inhibition of aflatoxin was observed at 1 μl/ml
concentration of oil. These results are important for the comparison of antiaflatoxigenic activity of citral essential oils as the chemical composition of L. cubeba
is similar to the citral oils having Limonene as major component [363].
Another report in 2014 by Kedia et al. [302] presented more significant results
as their studies showed that only 0.5 μl/ml of cumin oil was required for the suppression
of aflatoxin production. The differences in results could be due to the difference in
composition of cumin oil as our results showed cuminaldehyde (37.8%) as the major
component and cymene was present in small amount (5%) whereas the results presented
by Kedia et al. [302] showed cymene as the major component (47%). Differences in
the chemical composition of EOs of the same species may be due to climate change,
genetic diversity and extraction method [302].
The anti-aflatoxigenic property of EOs is mostly explained by the presence of
α-pinene - a flavonoid component. It has a high antioxidant activity that disrupts the
molecular pathways for the production of aflatoxin B1 [297] such as the inhibition of
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enzymes responsible for carbohydrate catabolism [356]. Analysis of chemical
composition of different oils by GC-MS has shown the presence of α-pinene in all oils
ranging from 0.44-2.04% with E. citradora having the highest amount. Also, EOs have
been reported to minimize the effects of aflatoxins on human cells by reacting with the
reactive oxygen species [311]. All the oils in this study showed significant inhibition
of aflatoxin production thus those can be used as the preservative for rice crop storage.

7.4

Conclusion

Aspergillus genus was found to be more prevalent among five fungal genera during
mycoflora study in rice. The Aspergillus flavus isolates were found to have varying
levels of toxin production. The results of the study clearly showed that essential oils of
Cuminum cyminum and Eucalyptus citriodora exhibit the maximum antifungal and
antiaflatoxigenic

effects

followed

by

Elettaria

cardamomum,

Eucalyptus

camaldulensis and Citrus limetta. The finding of the present investigation can be an
important step towards the possibility of using these essential oils as an alternative and
complementary control measures because of their antifungal activity, antiaflatoxigenicity, non-phytotoxicity and biodegradability.
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Degradation of Aflatoxin B1 in Rice by UV
and Sunlight

Summary
The study was conducted to measure degradation of Aflatoxin B1 (AFB1) in naturally
contaminated rice by using two wavelengths of UV-light (365 nm, 254 nm) and sunlight
and also compare the effect of the thickness of samples exposed to the source of light
and exposure time. The detection and quantification of the aflatoxin was done using
high performance liquid chromatography with fluorescence detector (HPLC-FLD).
Metabolic profiling of the aflatoxin contaminated samples after treatment was done
using tandem mass spectrometry (MS/MS) to identify degraded products. Safety
evaluation of photodegraded products of the aflatoxin was carried out using brine
shrimp assay. The research has a positive contribution to food safety providing a safe
and an affordable way to eliminate the toxic aflatoxins from food.

Introduction
Aflatoxins are highly toxic secondary metabolites produced by Aspergillus flavus and
A. parasiticus. The toxins cause liver cancer, suppression of immune-system, growth
retardation and even death in humans and animals [32, 364]. Prevention of aflatoxin
production in field and during storage is not always possible [365]. Therefore, aflatoxin
detoxification is needed in previously contaminated food to reduce toxin intake through
food chain. To detoxify the aflatoxins from food, various studies have been done so far
based on application of physical [128, 133, 366], chemical [155, 157, 159, 160, 367]
and biological methods [181, 182, 190, 191]. Chemical methods not only affect the
nature and physiochemical properties of food but also leave toxic residues. Biological
methods are efficient but difficult and expensive for large scale application. While
cleaning by various processing steps give incomplete removal of aflatoxin and heating
is also not useful as aflatoxin is heat stable [368]. Photo-degradation, using different
radiation sources especially within UV and visible regions, is an attractive, inexpensive
and effective technique for the degradation of aflatoxins as compared to other chemical
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and biological degradation methods. The technique have the capability to effectively
detoxify the aflatoxins present in food and feed samples, without affecting sensory and
nutritional properties of food and does not cause any chemical or biological
contamination, or harmful effects on consumption [369].
UV irradiation causes the cleavage of C8-C9 double bond in the terminal furan
ring of AFB1 or modifies the lactone ring, both of which are toxic [370]. Studies have
demonstrated that solar radiation, which possesses energy in the UV and visible spectra,
has been shown to have greater efficiency in degrading aflatoxins in edible oils [168].
The study by Bedi et al. [371] revealed that the exposure of contaminated feed to direct
sunlight is helpful in reducing the aflatoxin B1 content.
Different studies have analysed aflatoxin degradation in model food system,
spiked with toxin, by UV [173] and sunlight [372, 373]. The studies also investigated
the in-vitro photo-degradation of AFB1 [374-376]. While some studies have reported
the in-vivo degradation of aflatoxin B1 in naturally contaminated food by UV and
sunlight [171, 377-379], these are without identification of degraded products and
evaluation of their toxicity. For practical application of photo-degradation methods,
metabolic profiling and toxicity evaluation of degraded products of aflatoxin B1 in
naturally contaminated food (rice) have not been investigated until now. Also, the
detailed experiments on the effects of irradiated food sample thickness and shaking on
decontamination as well as comparison between UVA (365 nm), UVC (254 nm) and
sunlight, have not been reported before.
The study investigated the effects of radiation of UV and sunlight on the
amount, structure and toxicity of aflatoxin B1 in rice. The photo-degradation products
of aflatoxin B1 in real food medium were identified by mass spectrometry and their
toxicity was tested using brine shrimp bioassay. Moreover, the study also analysed the
effects of sample thickness, wavelength of light and time of exposure on percentage
degradation. This study is important step towards a practical and economical solution
to detoxify contaminated food and feed.

Materials and Methods
Naturally contaminated rice samples were exposed to sunlight and irradiated with
ultraviolet light at two wave lengths (365 nm and 254 nm) for aflatoxin B1 degradation.
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The effect of the sample thickness on toxin degradation efficiency by light sources was
also evaluated. For this purpose, three types of treatments were executed by applying
two types of sample thickness:


T1: Sample with 1-2 millimetre (mm) thickness



T2: Sample thickness of 2 centimetre (cm) with shaking at definite intervals



T3: Sample thickness of 2 centimetre (cm) without any shaking
Market survey was conducted to find naturally contaminated rice samples, and

a rice sample of the size of 10 kg was purchased, after confirmation of aflatoxin B1
contamination, from Faisalabad, Pakistan. The sample was thoroughly mixed and
analysed to confirm its initial level of contamination (40 μg/kg) before applying any
treatment and saved in dark at 4 °C. The sample was divided into 150 portions of 50 g
each. Another rice sample of the same variety without any contamination was used as
negative control, while un-treated contaminated rice sample was used as positive
control. For each treatment, the sample portions (50 g each) were placed in glass trays
separately with two defined thickness levels (2 mm and 2cm), and irradiated directly
with UV light and sunlight in triplicate.

8.2.1 Sunlight Exposure
The rice sample portions (50 g) were exposed to sunlight in triplicate for each treatment
(T1, T2, and T3) as described in Section 2.17.1 in Chapter 2.

8.2.2 UV Irradiation
Aflatoxin B1 degradation efficiency was checked at UV wavelength 254 nm with an
intensity of 390 µW/cm2 and at 365 nm with 350 µW/cm2 intensity. The detailed
protocol is given in Section 2.18.1 under Chapter 2.

8.2.3 Mass Spectral Identification of AFB1 Degraded Products
After treatment with sunlight and UV light, the contaminated samples were extracted
with acetonitrile: water (80:20) and centrifuged. The supernatant was dried, redissolved in acetonitrile and analysed by mass spectrometer. Mass spectrometric
identification of degraded aflatoxin B1 was carried out using LTQ XL linear ion trap
mass spectrometer (Thermo Fisher Scientific, USA) coupled with electrospray
ionization (ESI). The degraded products were identified by comparing and finding the
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differences in the mass spectra of treated samples to positive control (untreated
contaminated sample) and negative control (blank). The details of the analysis are
described in Section 2.19 in Chapter 2.

8.2.4 Biological Toxicity Assessment of Photodegraded AFB1
Products
Brine shrimps bioassay (Artemia salina) was used to assess the toxicity of the degraded
toxin products. The protocol for bioassay is described in detail in Section 2.20 in
Chapter 2.

8.2.5 Statistical Analysis
The concentrations of mycotoxins were statistically analysed and given as mean and
standard deviation using SPSS software (IBM®, Statistics 14, USA). Significant
differences in experimental data were analysed by ANOVA and Tukey’s multiple range
and HSD tests with a significance level P< 0.05 using DSSTAT software. All other
calculations were executed in Excel 2010.

Results and Discussion
8.3.1 Percentage Degradation of AFB1 by Solar and UV Irradiation
The study investigated the degradation efficiency of AFB1 at three different thickness
levels in naturally contaminated rice by sunlight (0-48 hr), UV 254 nm (0-4 hr) and UV
365 nm (0-4 hr) exposure. Comparison of % degradation between all the three
thicknesses at sunlight, UV 254 nm and UV 365 nm is shown graphically in Figure 8.1.
Sunlight exposure of 12 hr reduced 59% (T1), 47% (T2) and 38% (T3) of AFB1.
The maximum decrease was 71% (T1), 60% (T2), and 46% (T3) after 48 hr of solar
exposure. The degradation level was increased with increasing time of exposure and
with minimum thickness level as shown in Figure 8.1.
After UVC (254 nm) irradiation for 15 min, 30 min, 1 hr, 2 hr and 4 hr the level
of AFB1 was decreased up to 45%, 59%, 69%, 76% and 81% in rice samples with 2
mm thickness (T1), respectively. However, in case 2 cm thickness with stirring (T2),
the samples were stirred after every 5 min for 15 and 30 min exposure times and every
15 min for the rest of exposure timings. The level of AFB1 reduction was 70% in the
samples with 2 cm thickness and stirring (T2), after 4 hr of UV exposure. While, there
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was 51%, 56% and 59% reduction in AFB1 level in the samples with 2 cm thickness
without any stirring (T3) after 1, 2 and 4 hr of UV exposure at 254 nm, respectively
(Figure 8.1).
The trend of AFB1 degradation after UVA (365 nm) exposure at different time
intervals and three sample thickness levels is shown in Figure 8.1. The level of AFB1
was reduced by 61% (T1), 51% (T2) and 41% (T3) after 30 min exposure of UV at 365
nm wavelength. While after 4 h exposure, the content of AFB1 in contaminated ice was
decreased by 88% (T1), 75% (T2) and 66% (T3).
The results indicate maximum degradation of AFB1 in contaminated rice after
UVA (365 nm) exposure at all timings as compared to other two light sources. The
sample thickness exposed to UV and sunlight have a significant effect on degradation
level of toxin as determined by Tukey’s multiple range test (P< 0.05). Samples with
minimum (2 mm) thickness (T1) are decontaminated more effectively as compared to
stirred samples at 2 cm thickness (T2), while the least decontamination was shown in
samples with maximum thickness (T3) in this study.
The present study revealed that, due to stronger penetration, UVA (365 nm) was
better than UVC (254 nm) and sunlight in degrading AFB1 in rice while UVC (254 nm)
better than sunlight due to greater energy. Generally, UVC (200-280 nm) is used to
control aflatoxins by inhibiting the growth of aflatoxigenic fungi [171, 378], while
UVA (315-400 nm) is directly applied for degradation of aflatoxins in foods [173, 377,
378, 380, 381]. It was reported that UVB (280-315 nm) can decrease the viability of
fungal conidia [381]. Solar radiation with radiant energy in the visible and ultraviolet
spectra, had efficiently degraded the aflatoxins in edible oils under the laboratory as
well as plant conditions [382]. Generally, there is a proportional decrease in aflatoxin
levels with the increase of UV/solar exposure time following first order kinetics [171,
378, 382]. In addition, different results from different studies may be due to the different
experimental conditions, the state and thickness of the irradiated products (such as solid
or liquid) along with contamination levels of aflatoxins, irradiation time, intensity and
wavelength of UV light.
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Figure 8-1
Percentage degradation of AFB1
At different time intervals under [A] sun light, [B] UV 254 nm and [C] UV 365 nm
exposure at 3 types of samples thickness.

The time of exposure and the degradation level were directly proportional to
each other as was suggested by results and the maximum reduction in AFB1 levels was
observed at the minimum thickness level. The study concluded that after 48 h of solar
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exposure, 71% of AFB1 was found to be degraded. However, after 4 h exposure, the
content of AFB1 was decreased up to 88% by UV 365 nm and 81% by UV 254 nm.
Parallel findings have been reported by different studies [156, 171, 173, 377, 378, 381].
A study by Atalla et al. [378] was performed on decontamination of AFB1 in wheat
grains (inoculated with A. parasiticus) at different time intervals (30, 60, and 120 min.)
and humidity levels (50, 74 and 80%) using florescent, UV (254 nm) and UV (362 nm).
Aflatoxin B1 was totally eliminated after 30 min exposure of UV and florescent lights
[378]. In another study, 97% reduction in AFB1 was observed in various types of nuts
after 45 min of UV (254 nm) treatment, following first order kinetics [171]. Whereas,
Garcia-Cela et al. [381] focused on the impact of ultraviolet radiation on viability of
conidia of Aspergillus species via 6 hr/day exposure of UV-A (365 nm) and UV-B (312
nm) with 1.7 and 0.1 mW/cm2 intensity, respectively. The study observed marked
decrease in viability of conidia after UV irradiation and also reported UV-B irradiation
to be more efficient [381]. The effect of UV radiation on aflatoxin contents in naturally
contaminated fig (3.18 µg/kg) was evaluated by Isman et al. [377]. The study reported
only 25% reduction in AFB1 level after irradiating with UV 365 nm for 90 min [377].
While, 365 nm UV exposure for 30 min lowered the AFB1 by 45.7% in dried figs,
artificially contaminated with 250 ppb AFB1 [156]. Furthermore, a photo-degradation
of AFB1 in peanut oil using UV-365 nm completely eliminated the toxin in 30 min
[173].
Use of sunlight as an effective and safer source for aflatoxin degradation have
been investigated by different authors [372, 373, 379]. The study by Herzallah et al.
[373] investigated the degradation efficiency of AFB1 at three different concentrations
(192.1, 395, 894 µg/kg) in poultry feed by sunlight exposure (0–30 hr). Solar exposure
of 30 hr caused reduction of 60.4% (76.0 µg/kg), 74.6% (100.5 µg/kg) and 75.5% (219
µg/kg) in AFB1. The data presented in the study showed that sunlight was more
effective as compared to microwave and gamma radiation for the reduction of AFB1
[373]. Additionally, a study tested the effect of light emitted by lamps at different
wavelengths in solar and ultraviolet regions. The oil samples containing aflatoxin were
exposed to ultraviolet and sunlight that reduced toxicity with 87% and 82% decrease in
toxin level, respectively [383]. Nkama et al. [372] have observed the decontamination
of the rice contaminated with aflatoxin B1 (1000 mg/kg) by the action of the light
emitted from a mercury-tungsten lamp at two different intensities (64 and 43 mW/cm2).
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There was a decrease of 70% and 60% in the toxin level after 2 hr of irradiation at 64
and 43 mW/cm2 intensities, respectively [372].
Layer thickness of irradiated food and the state of food item (liquid or solid) are
important factors affecting the degradation efficiency of aflatoxins. Penetration of UV
is easier in water as compared to coloured or turbid materials. So thin layering or
continuous stirring of food is necessary for effective detoxification of AFB1 by
irradiation [384]. The present study analysed the effect of three thickness levels (2 mm
thickness, 2 cm thickness with stirring and 2 cm thickness without stirring) on percent
degradation of AFB1 in rice by UV and sunlight. 2 mm thickness showed significant
degradation of the toxin with 4 hr UV irradiation at 365 nm being the most effective
followed by UV 254 nm (4 hr) and sunlight exposure of 48 hr. Similar results were
reported in a study on nuts using UV, gamma and microwave radiations. Degradation
of the toxin was strongly associated with the thickness of sample as there was a greater
decrease in the levels of AFB1 after 30 min UV exposure when sample thickness was 2
mm as compared to the sample with 10 mm thickness because of low penetration of
UV into the material [385].

8.3.2 Mass Spectrometric Structural Characterization of Aflatoxin B1
Standard
To identify the degraded products of AFB1 after treatment with sunlight and UV light,
the samples were subjected to analyses by mass spectrometer. The conditions were
optimized at positive ESI mode for AFB1 to find the molecular masses and proposed
elemental composition of its degraded products.
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Sample-6-Direct-Scan-16-5-14_140516154110 #806 RT: 3.81 AV: 1 NL: 9.54E2
T: ITMS + p ESI Full ms2 313.00@cid25.00 [85.00-500.00]
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MS/MS spectra of AFB1 standard

Mass spectrum of aflatoxin B1 (Figure 8-2) showed protonated molecular ion
peak [M+H+] at m/z 313 while the peak at m/z 335 corresponds to its sodium adduct.
The molecular ion peak was selected as the precursor ion for fragmentation analysis,
since it exhibited specific pattern helpful to identify aflatoxin B1 and act as a reference
value for fragmentation pathway analysis of its degraded products. The continuous loss
of CO group from the parent molecule was the characteristic pathway of its
fragmentation. Peaks at m/z 243 and m/z 229 were obtained by the loss of –CH3 and
CH3OH groups due to the presence of methoxy group on benzene side chain. AFB1
have a double bond equivalence (DBE) value of 12 with the molecular formula
C17H12O6. The degradation products were assigned their structures on the basis of their
accurate masses and fragmentation pattern can help out to propose their pathways with
AFB1. The degraded products were identified by comparing and finding the differences
in the mass spectra of treated samples to positive control (untreated contaminated
sample) and negative control (blank).
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8.3.3 Mass Spectrometry Analysis of AFB1 Degraded Products in
Sunlight Treated Rice Samples
Mass spectrometric data analysis indicated that after sunlight exposure, five
conceivable degraded products of AFB1, were produced after the structural alteration in
the parent compound. Among them, 20% were formed by modification at lactone ring
and removal of terminal furan ring (A), 20% were produced as a result of modification
at lactone ring and addition reaction at furan ring, resulted in removal of the double
bond responsible for toxicity (B), while, 40% were formed after depleting the furan ring
and modification at lactone ring as well (C). However, in some cases, addition reaction
does not remove double bound and the metabolite is still toxic (D). Structural formulas
of the proposed degraded products produced from AFB1, have been illustrated in
Figure. 8.3 (A-D).

Figure 8-3

Mass spectral identification of degraded products (A, B, C, D) of
AFB1 treated with Sunlight.
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8.3.4 MS/MS Fragmentation of Degraded Products of AFB1 on Solar
Exposure
The degraded molecular entities at m/z 251.3 correlated to molecular formula C13H14O5,
possibly produced by the depletion of AFB1 lactone ring of. The DBE of C13H14O5 was
seven. Loss of oxygen, methyl, ethyl, cyclopentanol groups and carbon monoxide were
proposed in this fragmentation pathway (Fig.8.4).
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The degradation product C17H20O7 representing the ion peak at m/z 337.3, was
formed by the addition of hydroxyl group and consequently by the loss of double bound
at terminal furan ring. The DBE content of C17H20O7 was eight. The collision induced
dissociation of the precursor ion at m/z 337.3 involved the loss of CO, H2O, H, OCH3,
and C2H2 groups and yielded a series of product ions signified by m/z 319.3, m/z 295.2,
m/z 267.2, m/z 293.3, m/z 257.2, m/z 217.2, m/z 229.1, m/z 275.3, m/z 215.0, m/z 189.0,
m/z 201.0, and m/z 243.1 (Fig. 8.5).
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Tandem mass spectra of degraded product having m/z 337.3.
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Another degradation product C14H18O5, having m/z 267.12, was formed by the
loss of terminal furan ring. The DBE content of the product was six. The fragmentation
pattern and the corresponding structures with expected m/z values are shown in Fig.
8.6.
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Tandem mass spectra of degraded product having m/z 267.2
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AFB1 generated a degraded product C12H8O4 representing the m/z 217, which
was originated by the loss of furan ring as well as modification at lactone ring of the
parent molecule. The structure identification of the ion at m/z 217.2 was determined by
tandem mass spectrometry. Figure 8.7 showed the dissociation mass spectrum (MS2)
of the precursor ion m/z 217.2, which provides a series of fragment ions corresponding
to the elimination of O, CO, CH2O, C2H6, and C3H6 from the precursor ion.

sunlight-1-11-2016_161101171157 #1543 RT: 7.16 AV: 1 NL: 1.02E3
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115.8
100
157.0
90

Relative Abundance

80
70
60

102.9

50
40
30
20
73.8
10
0

86.9
75.0
80

Figure 8-7

100.9
100

129.0

114.3
120

145.0
140
m/z

161.1
160

173.2

187.1
180

217.2
199.3 204.1
200

Tandem mass spectra of degraded product having m/z 217.2

145

8. Degradation Study

The poly-hydroxylation of AFB1 at furan and lactone rings, yielded the adduct
having the molecular formula C17H12O9 and m/z 361.2, which after fragmentation
through collision induced dissociation, produced several daughter ions, after the loss of
O2, CO2, H2O, O, CO and CH2.. The DBE content was measured as 12. The main
fragmentation pathway of the precursor ion has been illustrated in Fig. 8.8.

sunlight-1-11-2016_161101171157 #2313 RT: 10.35 AV: 1 NL: 1.45E2
T: ITMS + p ESI Full ms2 361.00@cid59.00 [95.00-400.00]
343.3

100
90

Relative Abundance

80
70
60
50
40

175.1
203.0
245.2

30

217.2
193.9

20

189.0

216.2

10

240.9
233.1
231.2

261.2

274.3
275.3

245.4
247.1

276.3

361.2
289.3

305.4
315.3 329.3
301.2
319.1 333.3

344.5
346.2

0
180

Figure 8-8

200

220

240

344.3

260
m/z

280

300

320

340

362.1

360

Tandem mass spectra of degraded product having m/z 361.3.

146

8. Degradation Study

8.3.5 Mass Spectrometry Analysis of AFB1 Degraded Products in UV
Irradiated Rice Samples
It is evident from the results that, after UV exposure, five degraded metabolites of
AFB1, were formed with structural modification in the parent compound. Among them,
20% of the daughter ions were originated by the removal of double bond in terminal
furan ring (A), and other 20% were produced as a result of modification at cumarin ring
as well as the removal of double bound from the furan ring (B). While 20% degradation
product was also formed by the addition reaction at furan ring (C) and the rest 40 %
was formed by the removal of furan ring (D). Structural formulas of the possible
degradation products of AFB1, are shown in Fig. 8.9 (A-D).

Figure 8-9

Mass spectral identification of aflatoxin B1 derivatives produced
during UV-irradiation.
A. Around 20 % possibly non-toxic daughter ions originated by the removal of double
bond from terminal furan ring. B. 20 % (non-toxic) adducts generated by the removal
of double bond from terminal furan ring as well as modification in cumarin ring. C.
20% non-toxic compounds, formed by addition of hydroxyl groups at furan ring. D.
40% non-toxic, originated due to the removal of furan ring.
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8.3.6 MS/MS Fragmentation of Degraded Products of UV Treated
AFB1
The ion peak at m/z 269.08 with molecular formula C15H8O5 was occurred by loss of
furan ring from the parent compound. The precursor ion C15H8O5 when subjected to
tandem mass spectrometry, yielded a series of fragment ions resulted by the loss of CO,
C2H2 and C4H10 groups from different positions, as illustrated in Fig. 8.10.
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Degradation product C17H10O7 with ion peak at m/z 327.17 was formed by
addition of hydroxyl group at furan ring and the loss of hydrogen atoms from AFB1.
The DBE of C17H10O7 was thirteen. To elucidate its structure, tandem mass
spectrometry (MS2) was done which provided a series of fragment ions corresponding
to the elimination of CO, O2, C2H2 and H2O from precursor ion (Fig. 8.11).
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The adduct represented by formula C16H14O6 at m/z 303.0 resulted by addition
reaction on furan and lactone rings. The DBE of C16H14O6 was ten. Fragmentation by
CID of C17H22O7, generated the daughter ions after losing of carbon monoxide, water,
oxygen, methyl and ethyl groups. The fragmentation pathway details can be seen in
Fig. 8.12.
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From this data analysis, the ion peak at m/z 317.02 with molecular formula
C16H12O7, was attributed by the substitution of methoxy group with hydroxyl group on
the benzene ring side chain and addition of hydroxyl group on furan ring. The DBE of
C16H12O7 was eleven. Fragmentation pathway proposed by losing oxygen, water carbon
monoxide and carbon dioxide units, (Fig.8.13).
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The ion peak at m/z 291.25 with molecular formula C15H14O6 corresponded to
the loss of furan ring from the parent ion. The DBE content of C15H14O6 was nine. The
major dissociations of the degradation product at m/z 291.25 involved the loss of CO,
H2O, C2H2, O and C4H4 from the precursor ion. The fragmentation pattern and
corresponding structures with expected m/z values are shown in Fig 8.14.
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Mass spectrometric data analysis in the present study, indicated that after
sunlight exposure, five possible degraded products of AFB1, were originated with
structural alteration in the parent compound by modification at lactone ring, removal of
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terminal furan ring, and addition reaction at furan ring. However, in some cases,
addition reaction does not remove the double bond at terminal furan ring and the
metabolite is still likely to be toxic. It is evident from results that after UV exposure
five degraded metabolites of AFB1 were formed by the structural modifications in the
parent compound through removal of the double bond in terminal furan ring,
modification at cumarin ring, addition reaction at furan ring and removal of furan ring.
Similar findings were reported in different studies [173, 374-376]. A study
revealed the degradation mechanism of AFB1 in aqueous solution after UV light
treatment. Three photo-degradation products of AFB1 in water solution were proposed
(Figure 8.15), photo-addition at C8-C9 bond (1-A), photo-elimination reaction at C12O13 bond (1-B) and photo-reduction at O1-C14 bond combined with photo-elimination
at C4-O12 bond (1-C) [376]. Moreover, Liu et al. [375] analysed AFB1 degradation
products in acetonitrile solvent using UPLC Q-TOF MS technique. The study presented
three degradation products of AFB1 after 10 min of UV treatment. The first proposed
degradation product had cleavage of bond between O7-C6a (2-A), causing opening of
furan ring; the second one with additional loss of CO group at lactone ring (2-B), and
the third one was the result of replacement of methoxy group by hydroxyl group in
coumarin ring combined with loss of terminal furan ring and cleavage of bond between
O10-C11 at lactone position (2-C) [375]. Another study identified three different
degradation products of AFB1 in acetonitrile after UV irradiation. The molecular
formula and the masses were suggested using FTIR and GC-MS analysis. The
degradation products (3-A, 3-B, 3-C) had modifications at lactone ring (Figure 8.15)
[374].
In contrast to our study, Mao et al. [173] while studying in-vivo AFB1
degradation in peanut oil revealed that AFB1 might lose the C=O of the lactone ring
and methoxy group combined with destabilization of double bonds in the structure. At
that point, the small molecules for example, R‐NH2 and ‐NH2, formed by cracking
reaction from nitrogen‐containing compounds during irradiation, undergo substitution
and addition reactions with degraded products of AFB1. Moreover, hydrogen addition
at C=O and replacement of OH group with –NH2 occurred. As a result, two degradation
products (4A & 4B) were observed, as shown in Figure 8.15 [173].
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The decontamination efficiency of UV depends on the presence of water in the
treated food products, the extent of mycotoxin contamination, and the intensity of
exposure [388]. In spite of the fact that the photo-degradation pathway of AFB1 was
proposed on the basis of identified structural formulas and photochemical principles, a
definite and comprehensive pathway study is required not only in-vitro but also in
different food matrices.

Figure 8-15

Aflatoxin B1 degradation products after UV irradiation in
different studies [173, 374-376].

The efficacy of degradation varied with irradiation conditions and differences
in the degraded products of AFB1. Different structures of degradation products are
proposed in response to in-vitro environmental conditions. The identified degradation
products of AFB1 were structurally different when irradiation was performed in
aqueous [376], in acetonitrile [374, 375], or in peanut oil solution [173]. The results of
these heterogeneities have been summarized in Figure 8.16. The double bond between
C8 and C9 and C=O in lactone ring in AFB1 structure are considered as an epicenter of
activity and toxicity [386]. Initially, it was proposed that coumarin molecule possibly
dimerized under light treatments during photo-degradation [387]. Further studies
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indicated that light sensitive point in aflatoxin B1 molecule is double bond in terminal
furan ring and also that the light exposure might break this bond [158].

8.3.7 Measurement of the Biosafety of Degraded AFB1
Biosafety of treated and untreated AFB1 contaminated rice samples was tested by
Artemia salina (brine shrimps) bioassay to assess the toxicity of degraded products. The
hatching of shrimp eggs was performed by placing them in sea water at 26 ºC for 24 hr
and the larvae were incubated with treated and untreated AFB1 contaminated samples.
The percentage mortality of larvae was observed from 24 to 96 hr in all the samples by
comparing the number of dead larvae in treated samples with positive control (untreated
samples) and blank sea water treatment. A significant decrease in larval mortality was
noticed in treated samples as compared to untreated control sample. The percentage
mortality of larvae varied with toxin concentration in an experiment and the incubation
period of assay from 24 to 96 hr.
Results indicated that the larvae incubated with UV 254 nm treated samples
(with thickness of 2mm) for 1 hr, 2 hr and 4 hr showed 20-29%, 14-23% and 9-17%
mortality after 24-96 hr of incubation, respectively. Similarly, 11-20% and 8-14%
mortality was observed from 24-96 hr by degraded products of samples exposed for 2
and 4 hr with UV 365 nm at 2 mm thickness, respectively. While degraded products
produced after 24hr and 48hr solar exposure in contaminated samples, achieved 2334% and 20-26% mortality after 24-96 hr of incubation, respectively (Table 8.1).
These results prove the efficient decontamination of aflatoxin B1 contaminated
rice by UV and solar light sources. Lower percentage of mortality was caused by the
degraded products of AFB1 produced by UV treatment, which implies that AFB1
degradation adducts exhibited much less toxicity in brine shrimps larvae compared to
non-treated AFB1 in contaminated samples. The reduction in toxicity may be attributed
to removal of double bond in furan ring. However, some of the solar light treated
degraded products have retained toxicity centre of furan ring and causing higher
toxicity towards shrimp’s larvae as compared to UV treated sample. But the toxicity of
all the treated samples was much lower compared to the untreated contaminated sample.
The graph in Figure 8.16 compares the percentages of the toxins left after treatment
with UV, gives comparison of UV lights (365 nm & 254 nm) and sunlight treatment
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and their toxicity with untreated samples. Toxicity increased with increase in
concentration of toxin.
Table 8.1

Brine shrimp percentage mortality of sunlight and UV treated and
untreated samples after 24 to 96 hr at 26ºC

Treatment and
control
Sea water
Solvent
Untreated Sample
UV 365
(2 mm thickness)

UV 254
(2 mm thickness)

Sun light
(2 mm thickness)

Exposure
Time (hr)

% Mortality
24 hr
0
0
80
40
31
17
11
8
40
34
20
14
9
57
43
34
23
20

0.25
0.5
1.0
2.0
4.0
0.25
0.5
1.0
2.0
4.0
3.0
6.0
12.0
24.0
48.0
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48 hr
0
3
91
43
31
20
14
9
46
37
23
17
11
60
46
37
26
23

72 hr
3
6
98
46
34
23
17
11
51
40
26
20
14
63
49
40
29
23

96 hr
3
6
100
49
40
26
20
14
57
43
29
23
17
69
51
43
34
26
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Comparison of toxicity and toxin level in treated and untreated samples
at 2 mm sample thickness
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UV 365nm - 4 hr
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Figure 8-16 Comparison of toxicity and toxin level
In untreated (control) and treated samples at 2 mm thickness with sunlight (48 hr), UV
254 nm (4 hr) and UV 365 nm (4 hr). Bars with different alphabetic letters indicate
significant differences between treatments with respect to % toxicity and level of toxin,
as determined by Turkeys HSD (P< 0.05).
The Artemia salina (brine shrimp) bioassay proved to be an effective system to
check biological toxicity [389]. Previously, different studies used the bioassay to see
aflatoxin effects on brine shrimp larvae and found it to be an efficient indicator of
biological toxicity caused by the toxin [188, 189]. To ensure the safety of photodegradation products after irradiation, the studies performed different toxicity bioassays
such as based on Ames test [380] and cytotoxicity in human liver cells [172, 173, 380].
In present study, among all the tested treatments, the least mortality response of larvae
was observed for the samples treated with UV 365 nm followed by UV 254 nm and
sunlight. The same order of irradiation source was found to be effective in in-vivo
detoxification of AFB1 in rice, so shrimps bioassay verified the authenticity of the
results.
The reason behind this order is the level of detoxification and the structure of
degradation products obtained after treatment with UV 365 and 254 nm. The degraded
products of UV irradiated samples lost the double bond in terminal furan ring and had
modifications at lactone ring both of which determine the toxicity of aflatoxin B1. After
treatment with sunlight, however, 20% toxin products retained the furan ring with
double bond between C8-C9 in their structure that might increase the toxicity towards
157

8. Degradation Study

shrimp larvae. Overall the toxicity was significantly reduced in all the treated samples
as compared to the untreated sample. Similarly, the photo-degradation products have
previously found to be less toxic than the parent compound [172, 173, 380]. They
investigated the toxicity of photo-degraded products of aflatoxin B1 by L-02 liver [173]
and HepG2 cells [172, 380] cytotoxicity. Their results revealed that the degraded AFB1
products were less toxic as compared to parent molecule.

Conclusion
The findings of the study implies that an efficient detoxification of aflatoxin B1
occurred in real food system (rice) by irradiation with UV and sunlight. The procedures
are efficient, safe to the environment and cost effective to manage post-harvest aflatoxin
contamination in food. Eighty percent of the degraded products of aflatoxin B1 were
non-toxic after UV and sunlight treatments, because of modifications in the structure
of parent compound especially at toxic terminal furan ring confirmed by MS/MS
analysis and shrimp bioassay. A maximum of 71-88% degradation was observed in the
samples placed with minimum thickness (2 mm). The duration to attain this maximum
was 4 hr in case of UV light sources that increased up to 48 hr in case of sunlight. Mass
spectrometric analysis prove that mainly the degradation products in UV irradiated
samples are formed by addition reaction on double bond of terminal furan ring and by
the modification of lactone ring, thus causing reduction in toxicity. However, some
degradation product, obtained after solar irradiation, retained the double bond of furan
ring in their structure, thus have higher toxicity towards shrimps larvae as compared to
UV treated samples. But this toxicity was much less than that of untreated samples. The
study demonstrate that the use of UV and sunlight in food industry can make sure the
availability of safe and good quality food to consumers.
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General Conclusions

Contamination of food and feed especially cereals with mycotoxins is a worldwide
problem due to ubiquitous presence of mycotoxigenic fungi. The major mycotoxins
causing harmful health effects in humans are: aflatoxins, fumonisins, ochratoxins,
deoxynivalenol, and zearalenone. This research provides important insights into the
multi-mycotoxin contamination of cereals and the associated risk in Pakistan, given the
limited information available in the region. In this study, wheat, rice and maize along
with maize product (starch) were studied since these three are the most important
cereals in world food and trade. The study also aimed to inhibit the most prevalent fungi
in rice using essential oils and degradation of its toxin by UV and solar light in real
food medium. From the overall findings of this PhD research, the general conclusions,
future perspectives and recommendations are presented in this chapter.

9.1

Classical Mycotoxin Contamination in Cereals

In this part of the study, occurrence of AFs and OTA contamination level in rice, maize
and maize products (n= 275) from three main districts (Faisalabad, Sahiwal and
Gujranwala) of Punjab, Pakistan, were analysed using HPLC equipped with a
ﬂuorescence detector. The data show that 35-56% of samples were found contaminated
with aflatoxins with levels of AFB1 and total AFs in the range of 5.4-8.23 and 7.8519.54 µg/kg, respectively. Furthermore, 25-50% of samples were found to be
contaminated with OTA with the levels in range of 3.69-12.94 µg/kg. The study implies
that multiple mycotoxin surveillance must be conducted to avoid any health hazards
and attention should be focused to investigate more resistant cereal varieties.

9.2
Comparison of Maize Varieties for Aflatoxins
Contamination
As cultivation of high yielding hybrid varieties has revolutionized maize production in
Pakistan. Surveillance of aflatoxin (AFs) contamination in these varieties can
contribute to the identification of susceptible and resistant varieties particularly for
cultivation in Pakistani agro-climatic environment. An independent set of field
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experiments was done to obtain samples of five short-season maize varieties (Pioneer,
Neelam, DK-919, Desi and Hi-Corn) commercially grown in Punjab, Pakistan. A
validated method based on clean–up with immunoaffinity column followed by a liquid
chromatographic separation, mass spectrometry detection and confirmation, showing
good results in terms of recovery, linearity, limit of detection, limit of quantification,
accuracy and precision was used for the determination of aflatoxins in maize samples.
From the conducted study, it was found that aflatoxin levels were maximum in Desi
(14.5±0.02 µg/kg), while Hi-corn variety showed significant resistance to A. flavus and
aflatoxin contamination. Among many factors that are likely to be responsible for the
differences in contamination levels of aflatoxins in maize varieties, variable genetic
make-up and their ability to produce antioxidants like tocopherols could be considered
as important factors. The results can be useful to further investigation of maize varieties
that are more resistant to fungal attack in order to prevent mycotoxin contamination.

9.3

Surveillance of Multi-Mycotoxin in Cereals

This study measured the levels of contamination of 22 mycotoxins in rice (n=186),
wheat (n = 124) and maize (n=182) samples collected from North and South regions of
Punjab province, Pakistan using the validated LC-MS/MS method. The LOQ of LCMS/MS method meets the maximum levels of the regulated mycotoxins in all the three
cereals, hence it can be used for the purpose of enforcement of the European Union
maximum levels for the cereals. The mycotoxin contamination profile has shown
prevalence of aflatoxins (AFB1 and AFB2), trichohecence (NIV, DAS, HT-2, T-2 toxin,
DON, 3-ADON, 15-ADON), fumonisins (FB1, FB2, FB3), ochratoxin A (OTA),
zearalenone (ZEA) sterigmatocystin (STREG) and roquefortin-c (ROQ-c) in Pakistani
cereals. The levels of mycotoxin contamination were lower in wheat compared to maize
and rice. Overall higher incidence of mycotoxin contamination was found in maize.
This study highlights the need to establish regulatory guidelines regarding mycotoxins
in Pakistani foods and regular monitoring of highly consumed foodstuff especially
cereals.

9.4

Risk Assessment Study

This work described the quantitative risk assessment of mycotoxins (present in cereals)
consumed by children and adults of Pakistani population in North Punjab (NP) and
South Punjab (SP). A food frequency questionnaire was administrated in order to
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collect the data on consumption of cereals (wheat, rice and maize) in NP and SP regions.
The mean rice consumption in the NP was significantly higher (P< 0.05) compared to
the SP, while the mean wheat consumption was higher in SP. However, maize have
similar but lower level of intake in both region. Also, this study examined the reduction
of 30-51% of AFB1 during cooking of cereals following typical Pakistani recipes. The
Pakistani population is facing exposure to multiple mycotoxins. The study estimated
the dietary exposure of aflatoxins (AFB1 and AFB2), trichothecenes (nivalenol,
deoxynevalenol along its acetylated derivatives, diacetoxyscirpenol, HT-2, T-2 toxin),
fumonisins (FB1, FB2 and FB3), ochratoxin A, sterigmatocystin (STREG), roquefortinc (ROQ-c) and zearalenone in term of ng/kg bw. day for both age groups of SP and NP
regions. Our results indicated that dietary exposure to mycotoxins through cereals was
higher in children compared to the adults and higher in NP compared to SP.
Furthermore, the dietary exposure values for aflatoxins have exceeded the
tolerable daily intake at all levels, while for OTA, FB1, T-2 toxin, HT-2 and ZEA only
at high consumption and contamination levels. The margin of exposure of AFB1 was
remarkably lower than the recommended safe limits which ranges between 4.8-35.7
(adults) and 4.6-35.0 (children). Moreover, there is a potential risk in developing
aflatoxin induced hepatocellular carcinoma (HCC) due to contaminated cereals
consumption in Pakistan. The mean cancer risk values for adults were 0.161 and 0.262,
while for children 0.164 and 0.271 cancer cases/year /100,000 in South and North
population, respectively. The cumulative risk assessment from the exposures of multimycotoxins from total diet intake is needed to be studied in future.
Since the risk assessment study results showed that rice was causing highest
cancer risk and dietary exposure of multiple mycotoxins in Pakistani population. Also,
rice is valuable export food item. Therefore, considering both health and economical
aspects, the inhibition and degradation parts of this thesis research focused on reduction
of aflatoxin B1 from naturally contaminated rice.

9.5

Inhibition Study

This study identified the mycoflora prevalent in rice and the extent of aflatoxin
production by Aspergillus flavus isolates followed by inhibition of A. flavus growth as
well as aflatoxin B1 production by using essential oils. Five fungal genera were isolated,
among which Aspergillus was found to be the most dominant genus. The Aspergillus
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flavus isolates were screened for their aflatoxigenic potential and were also analysed
for varying levels of toxin production. Selected aflatoxin hyper-producing isolate of A.
flavus R-64 was used for the inhibition studies. Essential oils from peel of Citrus
sinensis, C. reticulate, C. limetta, and C. aurantifolia; from seeds of Elettaria
cardamomum and Cuminum cyminum; and from leaves of Eucalyptus citriodora and
E. camaldulensis were tested to determine their inhibitory effect on growth of the
aflatoxigenic A. flavus isolate through plate assay. Inhibitory effect of these oils on
aflatoxin B1 production by the A. flavus in rice was also studied.
The GC-MS analysis showed that EO from Citrus spp. were higher in
monoterpene hydrocarbons especially limonene. While, EO from spices (cumin and
cardamom) showed high concentrations of oxygenated monoterpene and monoterpene
hydrocarbons. Moreover, oxygenated sesquiterpenes and oxygenated monoterpene
were the common constituents of Eucalyptus oils. The results of the study clearly
showed that essential oils of Cuminum cyminum and Eucalyptus citriodora exhibit the
maximum antifungal and antiaflatoxigenic effects followed by Elettaria cardamomum,
Eucalyptus camaldulensis and Citrus limetta. The present study findings can be an
important step towards the possibility of using these essential oils as an alternative and
complementary control measures because of their antifungal activity, antiaflatoxigenicity, non-phytotoxicity and biodegradability.

9.6

Degradation Study

This study was conducted to measure degradation of aflatoxin in naturally contaminated
rice by using two wavelengths of UV-light (365 nm, 254 nm) and sunlight. The study
also compared the effect of the thickness of samples exposed to source of light and
exposure time. Findings of the study imply that efficient detoxification of aflatoxin B1
can be achieved in real food system (rice) by irradiation with UV and sunlight. 80% of
the degraded products of aflatoxin B1 were non-toxic after UV and sunlight treatments,
because of modification in structure of parent compound especially at toxic terminal
furan ring. Structural modifications were confirmed by shrimp bioassay used for safety
evaluation of photodegraded products and by using tandem mass spectrometry
(MS/MS). 71-88% degradation was observed at minimum thickness (2 mm) of sample
exposed to UV-light after 4 hr and 48 hr of sun light. Mass spectrometric analysis
proved that all degradation products in UV irradiated samples are formed by addition
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reaction at unsaturated terminal furan part and changes in lactone ring structure, thus
causing reduction in toxicity. However, some degradation products (20%) obtained
after solar irradiation retained furan ring with double bond in their structure, thus have
higher toxicity towards shrimps’ larvae compared to UV treated samples. However, this
toxicity was much less than that of untreated samples. This research may prove to be a
positive contribution towards food safety by providing a safe and affordable way to
eliminate the toxic aflatoxin from food.

9.7

Recommendations

Mycotoxin problem in cereals seems to be a pre-harvest as well as post-harvest issue.
Possible contamination in field can be reduced by taking measures for insect infestation,
irrigation system, fungicide application, inter-cropping, harvesting time and crop
maturity at harvest time. Better drying and/or storage facilities to farmers as well as to
processors could be a driving step in reducing contaminations in cereals. A food safety
management system to ensure that the temperature and water activity of the storage
facility is under control and backed with inspections of local food quality control
officers. Furthermore, the importance of the development of regulatory mycotoxin
control measures that protect public health and promote trade should be
overemphasized by relevant food safety authorities and stake holders in cereal
production and trade in Pakistan to tackle the mycotoxin issue.
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Appendix – A
Media Recipe
1. Malt Extract Agar (MEA)
Composition of media was 2% (w/v) MEA (purchased from Merck, UK) and 1.5% agar
for solidification in one litre of distilled water.
2. Potato Dextrose Agar (PDA)
Composition of this media was 24 g potato dextrose broth (Himedia, USA) and, 1.5%
(w/v) agar in one litre of water.

Appendix – B
Food Frequency Questionnaires

Please only fill for wheat, rice and maize based foods.
Date

Name

Age

Gender (M/F)

Weight (kg)

Residence (city)

Cereals consumption during one week
Name of dish

Typical forms (Recipes) of Wheat, Rice and Maize: Bread of
wheat (typically called “Roti”), Boiled and cooked dishes of rice
and maize

Number

Write the quantity in numbers: 1, 2, 3, 4, 5, 6 …

Portion size

Write Portion size as: Roti, Plate, Bowl (S: small, L: large)
Roti (S / L) Plate (S / L) Bowl (S / L)
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For e.g.

Wheat

Rice

Maize

3 Roti (L)

boiled rice (L)

1 boiled corn cob (M)

Monday
Breakfast
Lunch
Dinner
Tuesday
Breakfast
Lunch
Dinner
Wednesday
Breakfast
Lunch
Dinner
Thursday
Breakfast
Lunch
Dinner
Friday
Breakfast
Lunch
Dinner
Saturday
Breakfast
Lunch
Dinner
Sunday
Breakfast
Lunch
Dinner
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