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ABSTRACT

Aflatoxin contamination of food and feed have global significance. Eventhough it is more than 50 years of
aflatoxin discovery and inspite of tremendous research on various aspects of aflatoxins, it continues to be a
serious challenge and health hazard to man. The adverse toxicological effects remain to be same and varies from
acute effects to cancer depending on exposure. More research is necessary in developing protection strategies ,
biomarkers and novel technologies to combat aflatoxin contamination, keeping in mind its importance on human

and animal health and in international trade.
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1. INTRODUCTION

Aflatoxins (AFs) are a group of naturally occurring
mycotoxins, which are highly carcinogenic, and
consistently found as contaminants in human and
animal food stuffs. AFs were first discovered in 1960
in England after the outbreak of Turkey disease that
resulted in death of over 100,000 turkeys and of
cancer development in rainbow trout fed on rations
formulated from peanut and cotton seed meals. AFs
are byproducts from the fungi Aspergillus flavus and
the name AF was given by the virtue of its origin
(4. flavus - afla). Not only A. flavus, but other
strains of Aspergillus like Aspergillus parasiticus,
Aspergillus  nomius, Aspergillus pseudotamarii,
Aspergillus bombycis, Aspergillus toxicarius and
Aspergillus parvisclerotigenus also produce AFs.
AF contamination of food and feed have gained
global significance due to its deleterious effect
on human and animal health and its importance
in international trade and is a common problem
in tropical and sub-tropical regions of the world
especially in the developing countries where poor
practices and environmental conditions of warm
temperatures and humidity favors the growth of
fungi. The occurrence of AFs in foods and food
products vary with geographic location, agricultural
and agranomic practices. The fungal attack occurs
during preharvest, transportation, storage and
processing of the foods. AFs are epidemiologically
linked to increased incidence of human liver cancer
in Asia and Africa [1-9].
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1.2.  Occurrence

Foods that are contaminated with AFs are cereals
like maize, millets, sorgum, wheat and rice, oilseeds
such as groundnut, sunflower, cotton and soyabean,
spices like pepper, coriander, turmeric, -chilies,
nuts like almonds walnuts and coconuts, and milk
and its products. Peanuts are susceptible products
for AF contamination as per several reports [10-
12]. Almonds, walnuts, and pistachios may be
contaminated with AF, at lower levels than for
cottonseed and corn. AF contamination of peanut is a
major problem in semi-arid tropical regions. 4. flavus
infection of peanuts does not affect yield while it
produces high levels of AF in infected nuts [13].

Toxins are produced on cereals, both in the field and in
storage; plant [ 14]. Rice was significantly more heavily
colonized by AF-producing Aspergillus spp. than other
cereals, with overall AF levels being correspondingly
higher. The harmful effects of such fungal invasion
are discoloration of the grain and/or husk, loss in
viability, loss of quality and toxin contamination.
Sorghum is grown in harsh environments where other
crops do not grow well. Spices are often contaminated
with mycotoxins. The climatic conditions prevailing
in the tropics are especially favorable for mold
contamination and mycotoxin production. Clove was
found to be the least contaminated while cumin was
the most contaminated.

The majority of samples contained AFs at low levels
and others were negative (cardamom, cloves, ginger,
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and mustard) also contain AFs. Most of the AFB; and
AFB,; ingested by mammals are eliminated through
urine and feces, however a fraction is biotransformed
in the liver and excreted together with milk in the form
of AFM; and AFM,, respectively. AFM; could be
detected in milk 12-24 h after the first AFB; ingestion,
reaching a high level after a few days. Residues of AFs
and their metabolites could be present in the meat,
offal and eggs of animals receiving AF contaminated
feeds. Poultry birds fed AF contaminated rations under
experimental conditions resulted in the presence of AF
residues in their edible tissues like liver and muscles.
AFs are also shown to be in feeds and in animal
products.

1.3. Chemistry

Of the 14 known AFs there are four key AFs:
By, By, G; and G, (Figure 1). The two additional
metabolic products, M; and M,, are of significance as
contaminants of milk, and hence the M designation.
The B designation of AFs B; and B, is due to the
exhibition of blue fluorescence under ultraviolet
(UV)-light, while the G designation refers to the
yellow-green fluorescence of the relevant structures
under UV-light. Major AFs are a group of closely
related heterocyclic compounds with small differences
in chemical composition.

AFB; and B,, produced by A. flavus and A. parasiticus.
AFG; and G,, produced by 4. parasiticus.
AFM,, metabolite of AFB, in humans and animals.

AFM,, metabolite of AFB, in milk of cattle fed on
contaminated foods.

Structural elucidation of AFB; was confirmed by
its total synthesis [15]. Chemically, the AFs are
highly substituted coumarins containing a fused
dihydrofurofuran moiety. Four AFs occur naturally:
By, B,, Gy, and G,. Members of the blue fluorescent (B)
series are characterized by fusion of a cyclopentenone
ring to the lactone ring of the coumarin moiety, whereas
the green fluorescent (G) toxins contain a fused lactone
ring. AFB; and AFG, possess an unsaturated bond
at the 8, 9 position on the terminal furan ring, and
subsequent studies demonstrated that epoxidation at
this position was critical for their carcinogenic potency.
AFB,; and AFG;, are relatively nontoxic unless they are
first metabolically oxidized to AFB; and AFG, in vivo.

1.4. Toxicology
Over the years, outbreaks of acute aflatoxicosis in
humans have been reported in regions of several

economically developing countries [16]. Clinical
manifestations of aflatoxicosis are vomiting,
abdominal pain, pulmonary edema, and fatty

infiltration and necrosis of the liver. In the 1970s, a

Aflatoxin M, Aflatoxin M,

Figure 1: Aflatoxins types.
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Figure 2: Entry of aflatoxins into human food chain.

putative AF poisoning in western India resulted from
consumption of heavily molded corn (Figure 2). There
were at least 97 fatalities and these deaths occurred
only in households where the contaminated corn was
eaten. Histopathology of liver specimens revealed
extensive bile duct proliferation, a lesion often noted in
experimental animals after acute AF exposure [17,18].
An early 1980 incident of acute aflatoxicosis in Kenya
in which there were 20 hospital admissions and 20%
mortality was also associated with consumption of
maize highly contaminated with AF [19]. Consumption
of AF-contaminated noodles resulted in acute hepatic
encephalopathy in children in Malaysia; up to 3 mg
of AF was suspected to be present in a single serving
of contaminated noodles. Consecutive outbreaks of
acute aflatoxicosis in Kenya in 2004 and 2005 caused
more than 150 deaths. In April 2004, one of the
largest documented aflatoxicosis outbreaks occurred
in rural Kenya, resulting in 317 cases and 125 deaths.
AF-contaminated maize grown and eaten on family
farms was the major source of the outbreak.
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Evidence of acute aflatoxicosis in human has been
reported from many parts of the world, namely the third
world countries like Taiwan, Uganda, India and many
others. It is characterized by vomiting, abdominal
pain, pulmonary edema, convulsions, coma and death
with cerebral edema and fatty involvement of the liver,
kidneys and heart [20]. Acute aflatoxicosis results in
death, whereas chronic aflatoxicosis causes cancer
with the liver as the primary target organ, immune
suppression, teratogenesity and symptoms [21]. There
is also some evidence that respiratory exposure to
AF increases the occurrence of respiratory and other
cancers [2]. In a study in West Africa, majority of
children tested with detectable AF levels in their blood
were stunted and underweight [22]. Although AFs are
known to cause cancer in animals, the U.S Food and
Drug Administration (USFDA) allows them at low
levels in nuts, seeds and legumes because they are
considered as “unavoidable contaminants” [23].

AFs are most potent carcinogens in animal and human
populations [24] and interfere with the functioning of
the immune system [5]. A wide variety of animals,
including fish, rodents, waterfowl, poultry, swine
and cattle can be affected by AFs [3,25,26]. The
International Agency for Research on Cancer (IARC)
in 1993, classified naturally occurring mixtures of
AFs as Class | human carcinogen. In fact, AFs cause
liver damage, decreased milk and egg production
and recurrent infection as a result of immunity
suppression in addition to embryo toxicity in animals
consuming low dietary concentrations. Proven signs
and symptoms of aflatoxicosis in animals include
gastrointestinal dysfunction, reduced, reproductivity,
reduced feed utilization and efficiency, anemia and
jaundice [27]. Nursing animals may be affected as
a result of the conversion of AFB, to the metabolite
AFM, excreted in milk of dairy cattle [28]. AFs
also pose a threat to developing fetuses and they are
transferred from mother to infant in breast milk.

1.5. Role of AFs in Cancer

AFs especially AFB;, AFG; and AFM;, are the most
toxic, naturally occurring carcinogens known with
AFB; the most hepatocarcinogenic compound,
causing various cancers of the liver and other body
organs in humans and animals [29,30]. AFs cancer
causing potential is due to its ability to produce
altered forms of DNA adducts. The primary disease
associated with AF intake is hepatocellular carcinoma
(HCC, or liver cancer). This disease is the third-
leading cause of cancer death globally [30], with about
550,000-600,000 new cases each year. The incidence
of liver cancer has been consistently higher in men
than in women with a sex ratio ranging from 2 to 3 in
most countries [6]. 83% of these cancer deaths occur
in East Asia and sub-Saharan Africa [31-33]. HCC
is one of the most common cancers worldwide with
extremely poor prognosis. The majority of cases occur

in south-east Asia and sub-Saharan Africa where the
major risk factors of chronic infection with hepatitis B
and C viruses as well as dietary exposure to AFs are a
problem [6,30,34,35].

2. METABOLISM AND MECHANISM OF
ACTION

AFs are highly liposoluble compounds and are readily
absorbed from the site of exposure usually through the
gastrointestinal tract (GIT) and respiratory tract into
blood stream [36,37]. Human and animals get exposed
to AFs by two major routes, (a) direct ingestion of
AF-contaminated foods or ingestion of AFs carried
over from feed into milk and milk products like cheese
and powdered milk as well as other animal tissues
mainly as AFM; [36], (b) by inhalation of dust particles
of AFs especially AFB; in contaminated foods in
industries and factories [38]. After entering the body,
the AFs are absorbed across the cell membranes where
they reach the blood circulation. They are distributed
in blood to different tissues and to the liver, the main
organ of metabolism of xenobiotics (Figure 2).

Phase I and II enzymes catalyze the conversion of a
lipophilic, non-polar xenobiotic into a more water-
soluble and therefore less toxic metabolite, which can
then be more easily excreted from the body.

Phase Il conjugation reactions which generally act
follow Phase I activation consists of reactions in
which metabolites containing appropriate functional
groups are conjugated with substances such as
glucuronate, glutamate, sulfate, reduced glutathione
(GSH) or uridine diphosphate-glucuronic acid to
finally discharge them through urine or bile. AFs are
mainly metabolized by the liver to a reactive epoxide
intermediate or hydroxylated to become the less
harmful AFM; [4,34].

Of all the AFs, AFB; is the most prevalent and also the
most potent. Acute dietary exposure to AFB; has been
implicated in epidemics of acute hepatic injury [7].
The liver is the primary site of biotransformation of
ingested AFB,. The predominant human cytochrome
P4s0 (CYPys0) isoforms involved in human metabolism
of AFB; are CYP3x4 and CYP;,,. In humans and
susceptible animal species, AFs, especially AFB;
are metabolized by CYP450 microsomal enzymes to
AF-8,9-epoxide, a reactive form that binds to DNA
and to albumin in the blood serum, forming adducts
and hence causing DNA damage [4,34]. Various
CYP450 enzymes isoforms occur in the liver and they
metabolize AF into a reactive oxygen species (AF-8,9-
epoxide), which may then bind to proteins and cause
acute toxicity (aflatoxicosis) or to DNA and induce
liver cancer [4,34]. The predominant human CYP450
isoforms involved in human metabolism of AFB,
are CYP3A4 and CYP1A2. Both enzymes catalyze
the biotransformation of AFB; to the highly reactive
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exo-8,9-epoxide of AFB; [39]. CYP 1A2 is also
capable of catalyzing the epoxidation of AFB; to yield
a high proportion of endo-epoxide and hydroxylation
of AFB; to form AFM; which is a poor substrate for
epoxidation [39] and less potent than AFB; [8]. This
is generally considered as the major detoxification
metabolic pathway for AFs. The CYP3A4 is the major
CYP450 enzyme responsible for activation of AFB,
into the epoxide form and also form AFQ);, a less toxic
detoxification metabolite. The CYP3AS metabolizes
AFB, mainly to the exo-epoxide and some AFQ; [40].
However, polymorphism studies with CYP3AS5 have
indicated that, this enzyme isoform is not expressed
by most people, especially in Africans (Figure 3) [8].

2.1. Role of GSH in Detoxification of AFs and their
Metabolites
GSH pathway has been shown to play a major
role in the detoxification of AFB; [41,42]. The
AFB; 8,9 exo- and endo-epoxides can be conjugated
with GSH resulting in the formation of AFB;-
mercapturate catalyzed by GSH S-transferase [41].
The exo- and endo-epoxides can also be converted
non-enzymatically to AFB;-8, 9-dihydrodiol that
in turn can slowly undergo a base-catalyzed ring
opening reaction to a dialdehyde phenolate ion AFB,
dialdehyde can form Schiffs base with lysine residues
in serum albumin forming AF-albumin complex
[43]. Furthermore, AF dialdehyde can be reduced to
a dialcohol in a nicotinamide adenine dinucleotide
phosphate-dependent catalyzed reaction by AF
aldehyde reductase [44,45]. The increased depletion
of GSH leads to abnormally high levels of reactive
oxygen species (ROS) found in cells affected by AF
due to uncoupling of metabolic processes resulting
from the lack of GSH for GSH-peroxidase catalysis
of O, to H,O, leading to lipid peroxidation and
compromised cell membranes. Its reduction further
enhances the damage to critical cellular components
(DNA, lipids, proteins) by the 8,9 epoxides. However,
the most serious adverse effects of the AFB; 8,9
epoxides metabolite is that it reacts with amino acids
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Figure 3: Metabolism of aflatoxin B;.

in DNA and forms an adduct [41,42,46-52]. The
increased depletion of GSH leads to abnormally high
levels of ROS found in cells affected by AF due to
uncoupling of metabolic processes resulting from the
lack of GSH for GSH-peroxidase catalysis of O, to
H,0, leading to lipid peroxidation and compromised
cell membranes. Its reduction further enhances the
damage to critical cellular components (DNA, lipids,
proteins) by the 8,9 epoxides. However, the most
serious adverse effects of the AFB;-8,9-epoxide
metabolite is that it reacts with amino acids in DNA
and forms an adduct [41,42,46-52].

2.2. Effectof AFs on Mitochondrial DNA (mitDNA)

and Mitochondrial Structure
AFBcausesultrastucturalchangesinmitochondria[48,49]
and also induces mitochondrial directed apoptosis thus
reducing their function [40,53-56]. Furthermore, the AFs
may affect the telomere length and the various check
point in the cell cycle causing further damage to the
regulatory processes of the cell cycle [56]. The reactive
AF-8,9-epoxide preferentially binds to mitDNA during
hepatocarcinogenesis when compared with nuclear DNA
that hinder adenosine triphosphate (ATP) production
and flavin adenine dinucleotide/nicotinamide adenine
dinucleotide-linked enzymatic functions and this causes
the disruption of mitochondrial functions in the various
parts of the body that require production of energy in the
form of ATP. AF damage to mitochondria can lead to
mitochondrial diseases and may be responsible for aging
mechanisms.

2.3. Effect of AF's on Protein Synthesis

The AF binds and interferes with enzymes and
substrates that are needed in the initiation, transcription
and translation processes involved in protein synthesis.
They interacts with purines and purine nucleosides
and impair the process of protein synthesis by forming
adducts with DNA, RNA and proteins [57]. AF also
inhibits RNA synthesis by interacting with the DNA-
dependent RNA polymerase activity and thus causes
degranulation of endoplasmic reticulum. Also, the
reduction in protein content in body tissues like in
skeletal muscle, heart, liver and kidney could be due
to increased liver and kidney necrosis [58].

2.4. Effect of AF's on Organs and Systems

AFs have been shown to affect the various body
organs such as the liver, kidneys, lungs, brain, testes
and many endocrine and exocrine organs, the heart,
skeletal muscles and the different body systems.

3. LIVER DISEASE
AFs have been reported to cause liver cirrhosis as well
as liver cancers [4,59,60].

Hepatic injury can be acute or chronic form caused
by a variety of toxic agents like AFs. The reduced
level of total protein is indicative of the toxic effect
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of AFB; to the liver due to the failure in synthesis of
the proteins and kidney in which AFs are known to
impair protein biosynthesis by forming adducts with
DNA, RNA and proteins, inhibits RNA synthesis,
DNA-dependent RNA polymerase activity and causes
degranulation of endoplasmic reticulum [58,61,62].
Acute hepatic injury due to AF causes a rise in serum
aspartate aminotransferase, lactate dehydrogenase,
glutamate dehyrogenase, gamma-glutamyltransferase
and alkaline phosphatase and bilirubin that reflect liver
damage as well as other biochemical changes such as
proteinura, ketonuria, glycosuria, and hematuria. It is
also reported that there is a decrease in protein content
in skeletal muscle, heart, liver, and kidney in AF-fed
animals [58,61,62].

4. GIT AND RESPIRATORY SYSTEM

The GIT is the main route of entry of AFs as a result
of consumption of AF-contaminated foods especially
AFB,. It is also the main route of excretion AF
metabolites from the bile. The AFs, metabolites
and AF-8,9-epoxides have been reported to cause
intestinal tumors especially the human colon cancers
like colon carcinomas and similar results have been
reported in experimental animals [38]. AFs have also
been reported to cause serious acute effects on the
GIT [63]. AFs have been reported to cause digestive
system effects such as diarrhea, vomiting, intestinal
hemorrhage, and liver necrosis and fibrosis [64]. AFs
have reported to have serious acute effects on the
respiratory systems [63]. The respiratory tract is the
only organ system with vital functional elements in
constant and direct contact with the environment [65].
Many people working in food industries as their
occupational setting get exposed to AFs, especially
AFB; when they inhale AF-contaminated dusts
like during grain shelling and processing and have
been reported to have a higher incidences of upper
respiratory tract and lung cancers [38,63]. AFB; was
reported to induce 100% pulmonary adenomas in
experimental animals and inhalation of AFB, aerosols
suppressed alveolar macrophage in rats.

5. CARDIOVASCULAR AND RENAL
SYSTEM

AFs have been reported to have serious acute effects
on the cardiovascular systems including vascular
fragility and hemorrhaging in tissues [58,63,64]
as well as cardiac damage and teratogenic
effects [61,62]. Exposure to AFs and its metabolites
leads to nephrotoxicity [38,55]. The AF induced
reduction in protein content has been reported to be
due to increased necrosis of the kidney [58,61,62,66].
AFB; has been reported to cause kidney tumors in
experimental animals and a mixture of AFB and AFG
was observed to cause renal and hepatic tumors in
80% of hamsters [38]. There were also renal lesions
with features of megalocytosis in the proximal renal
tubules.

6. BLOOD AND IMMUNE SYSTEM

The AFs and its metabolites has been reported to have
a deleterious effects on the bone and blood cells as
well as induction of cancers on the hemopoietic system
in bone marrow and lymphoid organs where blood,
blood cells and blood components are produced [49].
AFs have been linked to anemia in pregnancy. Chronic
consumption of AF-contaminated foods has been
reported to cause immuno suppression in both
humans and animals worldwide [7,67]. In human,
AFs affect both the cellular and humoral immune
responses [68-70].

7. ENDOCRINE AND REPRODUCTIVE
SYSTEM

AF especially AFB has been reported to interfere with
the functioning of the various endocrine gland by
disrupting the enzymes and their substrates that are
responsible for the synthesis of the various hormones.
AFs and their metabolites as well as the generated
ROS have been reported to cause various cancers in
different endocrine glands such as pituitary gland,
granulosa cell tumors of the ovary and adenomas and
adenocarcinomas of the adrenal gland, kidneys, thyroid
gland, ovaries, testes, thyroid gland, parathyroid glands,
and endocrine pancreas [66,71]. In humans exposed to
chronic AF higher concentrations of AFs occur in the
semen of infertile men [72]. It is also associated with
low birth weight, a risk factor for jaundice in infants as
well as presence of AFM in maternal breast milk where
it can cause deleterious effect in the newborns [67].
AFs also cause pathological alterations in the form
of coagulative necrosis especially in the growing and
mature follicles and decrease in number and size of
graffian and growing follicles with increased number
of atretic follicles and small areas of degenerative
changes in experimental animals [73,74].

8. CENTRAL NERVOUS SYSTEM

AFs and its metabolites and other products such as the
ROS like the AFB-8,9-epoxides may interfere with
the normal functioning of the nerve cells by forming
DNA adducts, protein adducts, oxidative stress
factors, mitochondrial directed apoptosis of the nerve
cells as well as inhibiting their synthesis of protein,
RNA and DNA [44,49,51,75]. Acute AFB, treatment
cause a decrease in regional brain acetylcholinesterase
enzymes that may affect the cognitive functions
as well as memory and learning of the individual
while chronic exposure increases adenohypophyseal
acetylcholinesterase [38]. Such deficiencies may lead
to neurological symptoms such as neurocognitive
decline, sleep cycle alteration, dullness, restlessness,
convulsions, loss of memory, idiocy, and musle
tremor [64,66].

8.1. AF Biomarkers and Risk Reducing Strategies
AF biomarkers can be used as predictors of past and
future exposures status in people and establishing the
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etiologic role of this toxin in human HCC and other
toxicologic outcomes. Urinary measures of AFM,,
AF-mercapturic acid, and the AF-albumin adduct are
used as biomarkers of internal dose. AF-N’-guanine in
urine serves as an elegant biomarker of biologically
effective dose because it is clear that formation
of this adduct lies on the causal pathway to AF
induced HCC. Furthermore, increased formation of
AF-mercapturic acid metabolites can be measured in
the urine of laboratory animals as well as humans and
is inversely associated with levels of AF DNA adducts
formed in liver and excreted into urine [76]. These
biomarkers have become critical tools for evaluation
of chemopreventive agents in animal models and
clinical interventions.

Postharvest intervention is one of the several
methods among the various protective interventions
for reducing AF risk. The use of AF biomarkers as
efficacy end points in primary prevention trials has
been recently reported [77]. Extensive AF exposure
because of consumption of groundnuts as a dietary
staple revealed that postharvest storage was correlated
with increases in exposure [78,79]. The intervention
comprised measures include hand sorting, drying
on mats, sun drying, storage in natural fiber bags
and on wooden pallets, and use of insecticides limit
postharvest AF contamination of the groundnut
crop [77].

Some of the trapping agents like sodium calcium
aluminosilicate marketed as NovaSil clay, a common
anticaking agent in animal feeds, is used to adsorb AFs
in the GIT of animals and diminish the bioavailability
and adverse effects of these toxins [80].

Anticarcinogenic compounds like chlorophillin and
compounds like dithiolethiones that retard, block
or even reverse carcinogenic process may also be
employed in as detoxification strategies. Green
tea polyphenols, which inhibit various chemically
induced cancers may also be used to protect against the
development of AFB; - induced hepatocarcinogenesis.
Affinity chromatography wusing a monoclonal
antibody represents a useful and rapid technique with
which to isolate this carcinogen and its metabolite
in biochemical epidemiology and for subsequent
quantitative measurements, providing exposure
information that can be used for risk assessment.

9. METHODS FOR ANALYSIS OF AFS

Currently, a range of simple to sophisticated methods
are being used for the accurate analysis of AFs ranging
from thin layer chromatography (TLC) to the newly
developed multi-toxin liquid chromatography tandem
mass spectrometry (MS) and to the rapid immunological
methods [81]. Other methods to determine AFs are gas
chromatography (GC), LC, TLC, high-performance
liquid chromatography (HPLC), GC-MS, LCMS,

immunoaffinity clean-up (IAC) coupled to HPLC and
immuno assay techniques. Methods for the analysis
of AFs could be categorized into, (i) biological,
(i) analytical and (iii) immunological methods.
Biological assays were used when analytical and
Immunological methods were not available for routine
analysis. These assays are qualitative in nature and
often non-specific, time consuming and less sensitive
compared to those of other methods. Thus, they are
often used only as a tool for screening general toxicity.
Chemical tests like reaction with triflouroacetic acid
or hydrochloric acid have also been developed for
AF [82] with limited applications.

Various analytical methods developed for AF analysis
included TLC, HPLC, high-performance thin-layer
chromatography, etc. These analytical approaches for
AF analysis were found to be more rapid, reproducible
and possessed lower limits of detection than the
biological methods [83]. Separation, detection and
quantification of AFsinfoods have beenachieved mostly
by chromatographic techniques such as TLC, HPLC
and mini column chromatography. These techniques
have been used for screening, presumptive or semi
quantitative and quantitative purposes depending upon
the limits of detection, precision and accuracy required
for the analysis. In India, a Pressure mini column
technique that is simple, rapid, economical, reasonably
accurate and practical in field situations to detect AF
has been developed and collaboratively tested [84,85].
A portable AF detection kit using dip-strip method
of analysis of AFs at field level was developed as a
potent research tool for public health laboratories,
environmental monitoring agencies and poultry
industry [86]. Nevertheless, TLC still continuous to
be a major separation technique recommended to
those, who cannot afford to purchase sophisticated
analytical instrumentation. The published studies in
which HPLC has been compared directly with TLC
for the determination of AFs in peanuts [87] and maize
and peanuts [88] have indicated that both techniques
provide results that agree rather well. HPLC is now the
most common used chromatographic technique for a
detection of a wide diversity of mycotoxins, especially
for AFs [59]. The analysis sample cleanup can be
performed by liquid-liquid partitioning, solid phase
extraction, column chromatography, IAC columns, and
multifunctional clean columns. IAC combined with
HPLC and fluorometric detection is used for detecting
and quantifying precisely concentrations of AFM;, [89].

However with the advent of polyclonal and
monoclonal antibodies against AFs, specific enzyme-
linked immunosorbent assay (ELISA) methods were
developed in recent years [90] as they have been
found to be simple, rapid, highly sensitive, specific
and required little sample clean up. Combinations
of analytical and immunological techniques such as
HPLC and immunoaffinity columns have also been
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used recently to screen the risk-assessment in selected
areas in China [91].

Majority of the latest methods used for AF analysis
are either expensive, time-consuming, involves
extensive sample processing and purification and
thus labor intensive. Amidst this [92] reported
rather an easier and simple method involving visual
estimation for AF production in groundnuts infected
with Aspergillus mutant that accumulates an orange
pigmented intermediate, norsolorinic acid [93]
have earlier suggested the use of Fourier transform
infrared spectroscopy as a rapid, easy and convenient
method for determining AFs not only in groundnuts
but also in a variety of foods and feeds. The official
analytical methods for the analysis of AFs that have
been validated and approved by AOAC were found to
be 119 in number. The performances of each of these
methods have been validated in various commodities
for the analysis of total AFs/AFB/AFB,/AFG,/AFG,/
AFM,. It was intriguing to note that 68% of these
validated methods were based on HPLC, 23% on
TLC, 8% on ELISA and only one method included
mass spectrometry. The range of methods developed
was approved based on the lower limits of detection
standards developed by the European Unions for
controlling AF contamination [94].

The present state of methodology for the analysis of
AFs depending on the end use or purpose has been
summarized. Mini column chromatography technique
was found to be best for screening agricultural
commodities, wherein quick decision are needed
to accept or reject the produce or products. TLC,
designated as veteran in AF methodology still remains
a reliable, practical and simple technique with a wider
field application. An alternative to TLC was found to be
HPLC offering automation, separation and quantitation
of AFs. However being an expensive technique it has
not evolved to replace TLC. The combination of GC
with MS for the analysis of AFs can provide definitive,
qualitative and quantitative results, but it requires a
derivatization step, which lengthens the analysis time
and may compromise analyte recoveries [95]. The
peak of methodical sophistication capable of detecting
up to pg kg ' has been achieved with GC-MS. On the
other hand Immunoassays such as ELISA has been
identified as the technique that will play major role
for AF analysis. Besides, other alternatives will have
some advantages over ELISA, as the use of magnetic
droplets together with reverse transcription polymerase
chain reaction, which has sensitivity to 1000 times
greater than ELISA [96]. Thus analysis of AFs uses
broader range of techniques who’s application is
largely dependent on the end use of the method.

9.1. AF and Regulations
Humans are exposed to AFs by consumption of
commodities contaminated by strains of A. flavus

or A. paraciticus during growth, harvest, or storage.
In general, diets may contain AFB; and AFB, in
concentration ratios of 1.0-0.1, and when all four AFs
occur, AFB;, AFB,, AFG,, and AFG, proportions of
1.0:0.1:0.3:0.03 exist. However, these ratios can be
variable. Grains and foodstuffs contaminated with
AFs include corn, peanuts, milo, sorghum, copra, and
rice [9]. Although contamination by the molds may
be universal, the levels or final concentrations of AFs
in the grain product can vary. Heterogeneity of toxin
distribution has been confirmed as the major source of
error of mycotoxin determination in foods and feeds.
For these reasons, estimates of human consumption of
AF based on analysis of market samples of foods and
foodstuffs are very imprecise [97].

Regulatory levels for AFs are in place in at least 199
countries [98,99]. The regulatory levels vary from
country to country. Seventy-seven countries are
known to have regulations limiting mycotoxin levels
with 48 having specific regulatory levels for total
AFs in foodstuffs and 21 having regulations for AFs
in feedstuffs.The USFDA action levels are set at 20
ppb (ng kgfl) for human food, 0.5 ppb for milk and
up to 300 ppb for cottonseed cake used as animal
feed. In the European Union (EU), the levels are 4.0
ppb, whereas in India the regulatory levels are set at
30 ppb for all foods [100] in 1988, IARC, Lyon, placed
AFB; on the list of human carcinogens and identified
AFB in particular as a Class I carcinogen, resulting in
the regulation of this toxin to very low concentrations
in traded commodities 20 ppb in grains and 0.5 ppb
in milk in the US; 4 ppb in foods in some European
countries [101]. This is supported by a number of
epidemiological studies done in Asia and Africa that
have demonstrated a positive association between
dietary AFs and liver cancer (Table 1) [102-104].

AF contamination also has a significant economic
impact on worldwide agriculture. In the developing
countries, food safety is the major problem where

Table 1: Maximum tolerated levels for AFs in human
food.

Nation Total AFs in foods (ppb)
USA 20

Australia

European Union

Germany 4

Guatemala 20

India 30

Ireland 30

Kenya 20

Taiwan 50

AF: Aflatoxin
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detection and decontamination policies are impractical.
Due to food shortage in those countries, routine
consumption of AF contaminated food is widespread.
The liver cancer incidence rates are 2-103 times
higher in developing countries than in developed
countries [101]. Levels ranging from 0 to 50 ppb have
been set as permissible levels for AF content in foods
and feeds. Most countries including the USA have a
regulatory level around 20 ppb in foods. However, in
1999 European Economic Community established a
lower limit of 2.0 ppb for AFB and 4.0 ppb for total
AFs [105]. The AF contaminated commodities are
often destroyed if the AF content is higher than the
mandated levels. This results in yearly losses of billions
of dollars worldwide [106]. According to FAO (2002),
though 95% of the worlds peanut production is sourced
from the developing countries, its contamination with
AFs was attributed to environmental conditions, poor
processing and lack of storage facilities in these areas.
It was therefore conceived that Government agencies
need to intervene to bring about market liberalization
by providing incentives to adopt practices such as
drying, sorting and storing. This might reduce the
financial risk to market traders of peanuts [107].

AF contamination of food and feed have gained global
significance due to its deleterious effect on human and
animal health and its importance in the international
trade. In spite of extensive research which has provided
tremendous insights on various aspects of AFs, it
continues to pose a serious challenge. Much remains
to be elucidated and more research is necessary
toward understanding of molecular mechanisms,
which would improve global health and to develop
protection strategies and novel technologies to combat
AF contamination.
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