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Abstract

Humans are continuously exposed to varying amounts of chemicals that have been shown
to have carcinogenic or mutagenic properties in environmental systems. Food stuffs have
been found contaminated with substances having carcinogenic, mutagenic, teratogenic
and allergenic properties. Among them the present paper reviews the Aflatoxins
contamination, effects and analysis in different food products. The present paper deals
with Aflatoxin types, contamination different in food items. The previous studies reported
the presence and effects of Aflatoxins in India also presented. The qualitative and
quantitative analysis of different Aflatoxins in food samples by High performance liquid
chromatography by various authors also discussed. In conclusion this paper provides
adequate information about Aflatoxin contamination instrumental analysis which helps to
apply to study the Aflatoxin contamination.
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INTRODUCTION:

Humans are continuously exposed to varying
amounts of chemicals that have been shown to have
carcinogenic or mutagenic properties in
environmental systems. Exposure can occur
exogenously when these agents are present in food,
air or water, and also endogenously when they are
products of metabolism or pathophysiologic states
such as inflammation. For the past two decade’s

great attention is focused on environmental health
as a consequence of the increasing awareness over
the quality of life due to major environment
pollutants that affect it. Food stuffs have been found
contaminated with substances having carcinogenic,
mutagenic, teratogenic and allergenic properties. As
these substances can be supplied with food
throughout the entire life-time of a person. The
International Agency for Research on Cancer (IARC)
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has concluded that naturally occurring aflatoxins are
carcinogenic to humans (group 1), with a role in
etiology of liver cancer, notably among subjects who
are carriers of hepatitis B virus surface antigens.
Among the 18 different types of aflatoxins identified,
the major members are aflatoxin B1 (AFB1), B2
(AFB2), G1 (AFG1), G2 (AFG2), M1 (AFM1) and M2
(AFMZ2). AFB1 is normally predominant in amount in
cultures as well as in food products.

High amount of aflatoxins uptake in a very short time
can cause liver damage, Liver cancer, mental
impairment, Abdominal Pain, Vomiting, Convulsions,
Edema, Pulmonary Edema, Haemorrhaging,
Disruption of food digestion, absorption or
metabolism, Coma, Death. If aflatoxins take at a
time, but over a long period leads to Liver cancer due
to DNA mutation caused by aflatoxins. Acute high-
level exposure can progress to potentially lethal
hepatitis with vomiting, abdominal pain, jaundice,
fulminant hepatic failure and death (1). The aflatoxin
LD50 rate (the dosage level that causes 50% of a
group to die) for animals is between 0.5 and 10
mg/kg of the animal's weight. Aflatoxins are quite
stable compounds and survive relatively high
temperatures with little degradation. Various reports
have been presented that presence of Aflatoxins in
various food products that can affect human, birds
and animal health.

Aflotoxin contamination studies in India:

Various studies have been reported the food
contamination by Aflatoxin in India. Najeeb S. Al-
Zoreky et al (2017), found concentrations of 0.123
mg/kg of aflatoxin B1 and 2.58 mg/kg of total AFS in
imported rice and ground rice subsamples. Analysis
was conducted with RP-HPLC-FLD using post column
electrochemical derivatization with a Kobra Cell.
Aspergillus parasiticus is observed at 25°C and high
concentrations of aflatoxin B1 observed at fungal
growth at 37°C in rice stored for three weeks [2].
Maryam Jalili (2016), determined the aflatoxin B1,
B2, G1 and G2 content in 80 different spices samples
(red pepper, black pepper, turmeric and cinnamon).
Analysis was conducted with HPLC with fluorescence
detector with a mixture of acetonitrile—methanol-
water (17:29:54; v/v). Recovery of aflatoxin is ranged
from 76.415.6 to 98.3+3.2 for AFG1 in cinnamon
(spiked at 1ng/g) and AFB2 in turmeric (spiked at
10ng/g) respectively. Thirty-two out of 80 (40%)
samples were contaminated with aflatoxins ranged
from 0.85+0.10 to 24.60+0.12 [3]. Vasanthi Siruguri
et al (2012), collected the stored rice variety PAU 201
in Punjab that was not permitted for milling and
public distribution due to the presence of damaged
grains at levels exceeding the regulatory limits of

Int J Pharm Biol Sci.

4.75 per cent and analyzed for presence of aflatoxin
contamination by Scanning electron microscopy
(SEM), energy dispersive X-ray (EDX) analysis and
Prussian blue staining. Results of the study indicates
that none exceeded the Food Safety and Standards
(Contaminants, Toxins and Residues) Regulations,
2011 tolerance limit of 30 pg/kg and majority of the
samples had levels <15ug/kg [4]. Harish Chandr et al
(2013), reported the occurrence of total aflatoxin
contamination in Indian maize samples collected
from local market of Lucknow city by using
investigated by competitive ELISA technique. The
result showed total aflatoxin content ranges from 9.0
to 250 ppb [5]. Amir Sasan Mozaffari Nejad et al
(2014), analyzed 36 spices samples of Iran and India
that include chilli powder (n = 12), black pepper
powder (n = 12) and whole black pepper (n = 12) for
determination of aflatoxin content. Aflatoxin content
in Iranian samples was found ranged from 63.16 to
626.81ng/kg and in Indian samples was ranged from
31.15 to 245.94ng/kg when analyzed with enzyme-
linked immunosorbent assay [6].

Baranitharan Krishnan et al (2015), studied on 40
samples of local and branded corn flour that are
marketed in Chennai, Tamil Nadu, India for
determination of contamination levels of aflatoxins.
Among all samples 23 samples (57.5%) have shown
positive for aflatoxin (35% samples have shown
positive for G1, 5% samples have shown positive for
G2, 50% samples have shown positive for B1, 32.5%
samples have shown positives for B2). Bl type
aflatoxin was found high in all samples [7].
Jayaramachandran Ramesh et al (2013), studies on
food grain samples (Bengal gram (2), bajra / cumbu
(6), maize (10) and jowar / sorghum (1) and grain
flour (3) collected from local market for
determination aflatoxin B1. Thin layer
chromatography and high performance thin layer
chromatography applied for analysis and results
found that contamination of aflatoxin B1 was found
to be 68.18% in food grains whereas 100% in grain
flour, which might be due to improper post-harvest
technology and storage condition [8]. Nadeem A.
Siddiquea et al (2013), studied on presence of
aflatoxins in medicinal plants, namely Mucuna
pruriens, Delphinium denudatum and Portulaca
oleraceae. The aflatoxins were extracted, purified by
immunoaffinity column chromatography and
analysed by HPLC-MS/MS with Agilent XDB C18-
column. Results found that AFB1 and AFB2 were in
trace amounts below the detection limit in M.
pruriens whilst they were not detected in D.
denudatum. P. oleraceae was found to be
contaminated with AFB1 and AFB2 [9]. Punam Jeswal
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et al (2015), has analyzed for fungal contamination
as well as aflatoxin (AFs), ochratoxin A (OTA), citrinin
(CTN) contamination in nine different Indian spices
(red chilli, black pepper, turmeric, coriander, cumin,
fennel, caraway, fenugreek, and dry ginger) in India.
ELISA and LC-MS/MS techniques were used for
analysis. All spices samples found contamination
with Aspergillus flavus and Aspergillus niger.
Aflatoxin content was found in Red chilli samples
(85.4%), dry ginger (77.7%). 56% Aspergillus flavus
from red chilli and 45% Aspergillus ochraceus from
black pepper were toxigenic and produced aflatoxins
and ochratoxin A, respectively. Penicillium citrinum
produced citrinin in red chilli, black pepper,
coriander, cumin, fenugreek, and dry ginger samples.
The highest amount of AFs was found in red chilli
(219.6 ng/g), OTA was in black pepper (154.1 ng/g),
and CTN was in dry ginger samples (85.1 ng/g) [10].
Aflotoxin contamination studies other countries:
Waenlor W et al (2003), presented the aflatoxin
contamination in various foods and products in
Thailand between 1967-2001. Thirteen available
international and local reports (n=3,206 samples)
focused on type of food, season and geographic
areas, and have been collected for statistical analysis.
The accumulated data showed 1,248 (38.9%) of
3,206 samples were highly contaminated with
aflatoxin. Over half (728) of the contaminated
samples (1,248) were peanuts, milk, and poultry [11].
FF llesanmi et al (2011), reported the descriptive
cross-sectional study on awareness and knowledge
of aflatoxin contamination in groundnut and the risk
of its ingestion among 417 health workers in Ibadan.
The study reports that 95% of the respondents had
previous awareness of aflatoxin and class room
lectures was the most common source of
information (56%). Knowledge regarding aflatoxin
contamination in groundnut and the risk of its
ingestion was obtained showing knowledge score
range of 0 to 14. In all, 80.6% had good scores of 11
to 14. None of the respondents had ever told their
patients about the risk of aflatoxin ingestion [12].
Angele N. Tchana et al (2010), determined the
presence of aflatoxins in eggs, milk, urine, and blood
samples collected from various sources and periods
in Cameroon. Aflatoxin was found in eggs (45.2%),
cow raw milk (15.9%), breast milk (4.8%), urine from
kwashiorkor and marasmic kwashiorkor children
(45.5%), and sera from primary liver cancer patients
(63.9%) [13]. Carlos A. F. Oliveiraet al (2009),
detected aflatoxin levels in peanut (240 samples)
products traded in the Northeast region of Sao Paulo,
Brazil by using HPLC. Results showed 44.2% samples
positive for AF at levels of 0.5 to 103.8 pg-kg-1. Nine

of the positive samples (3.7% of the analysed
samples) had total aflatoxin concentrations higher
than the limit established by Brazilian regulations (20
pg-kg-1) [14]. H. A. Makun et al (2010), analyzed 343
samples of five different food commodities from
three States in Nigeria. Maize samples from Niger
(43) and Kogi (50) States and dried yam chips (50)
from Niger State and also imported powdered milk
(100) from in Lagos metropolis were also analyzed
using column chromatography for clean-up and thin
layer chromatography coupled with a densitometer
equipped with win CATs software for quantification.
Toxicity screening results showed that 68.57% of the
fungi tested were toxigenic and were mostly isolates
of Aspergillus, Fusarium, Penicillium, Rhizopus and
Mucor. AFM1 was detected in 19 samples out of the
100 milk samples analyzed at levels ranging from
0.02 - 0.41 pg/kg. AFB1 was found in 29 out of the 50
beans (63.5 - 106.2 ug/kg) samples analyzed while
54% of the 50 marketed wheat samples (102.9 -
198.4 ug/kg) were also contaminated with the toxin
[15].

Nisa, A et al (2016), analyzed 50 samples of local and
import quality brown rice in Lahore, Pakistan for
determination of quality difference with respect to
the limits set by European Commission i.e.10 ppb.
Thin Layer Chromatography was applied for analysis
and among all samples 92% local brown rice samples
were contaminated, 56% were contaminated above
permissible limits; whereas, 36% were below
permissible limits. In import quality only 48% of
samples were contaminated where 44% were below
and only 4% were above permissible limits [16].
Fadia. F. Hassan et al (2014), investigated AFB1 in
the incidence of mycoflora and presence of aflatoxin
in 24 samples of local stored maize collected from
Iraqi governorates using TLC and ELISA techniques.
Aflatoxin B1 was present in 12 samples of stored
maize and the concentration of toxin ranged
between 2.30 to 30 ppb using TLC technique and 270
to 500 ppb using ELISA technique [17]. Younis M H
Younis et al (2003), analyzed 400 samples of peanuts
and peanut products collected from local market
over two seasons from different sites in the Central
Region (Sudan). HPLC and TLC techniques are used
for study the percentage aflatoxin contamination in
all samples and results found 2%, 64%, 14% and 11%
aflatoxin in peanut kernels, peanut butter, peanut
cake and roasted peanuts respectively. The highest
aflatoxin levels were detected in peanut butter (32-
54 g/kg) and the lowest in peanut kernels (3-8 g/kg)
[18].

Matome Gabriel Thathana et al screened the 540
isolates obtained from maize and soil in Kenya for the
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production of Aflatoxins. Among the isolates the
incidence of Aspergillus was found to be 63% and
aflatoxin production was concluded as 28% [19].
Edmond Panariti et al (2001), reported the levels of
aflatoxin M1 in the farm-gate milk in Albania. Total
120 evenly distributed samples collected in winter
and summer from various farms all over the country
and quantitative analysis carried out by thin layer
chromatography. 13% of the winter samples resulted
above the 0.5 pg/kg level, as compared to 3% of the
summer samples exceeding that level [20]. Salah
Eldeen Abass Ali Ahmed et al (2016), analyzed 30
samples of groundnut and 15 groundnut products
from three states (Khartoum, Kordofan and Gadarif)
of Sudan for AFB1, AFB2, AFG1, and AFG2 using HPLC
method with fluorescence detection. The frequency
of contaminated groundnut samples with AFB1 from
Khartoum, Gadarif and Kordofan state was 58.3%,
57.1%, and 66.7%, respectively. No sample of
groundnut or groundnut product was contaminated
with AFG1 or AFG2 [21]. Shami Elhaj Alssafi Bakhiet
et al (2011), 60 samples of stored peanut kernels
were collected from four different locations in Sudan
namely Mayo city, Umbaddah city in Khartoum state,
Al-Helalia city, and Al-Managel city in Al-Jazeera state
to study the contamination with aflatoxin. By TLC
technique. Thirty-five samples (58.33%) gave
positive and concentration of aflatoxin B1 in these
samples was ranged from low to very high, in range
of (17.57-404.00 ug/Kg kernel) [22]. Zahra Nazari
Khorasgani et al (2013), analyzed peanut samples of
supermarkets in Ahvaz, Iran for the determination of
aflatoxins concentration by TLC scanner. In total,
59.26% of samples were contaminated with
aflatoxins, 14.8% of samples were found to contain
above of 20 ppb, above the maximum level of total
aflatoxins permitted in Iran [23].

Muna T. AL-Mossawei et al (2016), analyzed 130
samples of liquid and powder milk, white and soft
cheese, yoghurt was randomly collected from
Baghdad markets from September 2014 to June 2015
and distributes into imported and local samples. The
aflatoxin M1 (AFM1) was analyzed by using TLC, HPLC
and ELISA. The AFM1 contamination showed as 50
(38.5%), 65 (50 %) and 70 (53.8%) respectively,
furthermore, yogurt and cheese showed more
contamination with AFM1 than other products and
the highest concentration of AFM1 in the local
cheese reached 300.7ng/L and 939.67ng/L [24].
Fardos M Bokhari (2002), analyzed 51 foodstuff
samples contaminated with Aspergillus flavus and
screened for aflatoxin production by TLC and HPLC.
Results found that 26.1% of the total isolates were
toxic strains and the main toxin was found to be

aflatoxin B1 of 46 foodstuffs commodities. Most
contaminated samples were poultry feed, cereal
grains and oil seeds. The presence of four aflatoxins
B1, B2, G1 nad G2 was detected only in two of the
tested samples [25].

Aflatoxin analysis by different methods:

There are different qualitative and quantitative
methods are available for determination and
separation and quantification Aflatoxins. Thin layer
chromatography (TLC), high-performance thin layer
chromatography (HPTLC), enzyme-linked
immunosorbent assay (ELISA) and High performance
liquid chromatography (HPLC) techniques are mostly
used for Aflatoxisn analysis in food samples. Recently
High performance liquid chromatography coupled
with mass spectrometry (LC-MS) is also applying for
using for analysis of Aflatoxins. Various studies
reported by using these techniques for
determination Aflatoxin contamination in various
food samples are described below.

Korrapati Kotinagu et al (2015), reported the
aflatoxin B1 contamination in Livestock Compound
Feed and feed ingredients from different livestock
farms and farmers by HPTLC. Out of 48 livestock
compound feed samples, aflatoxin B1 could be
detected in 16 samples representing 33%, whereas in
livestock feed ingredients out of 49 samples, 13
found positive for aflatoxin B1 representing 24.5%
[26]. J. Ramesh et al (2014), analyzed feed
ingredients and feed for aflatoxin B1 carried by
HPTLC method and compared with TLC method. Out
of 38 samples of nine types of feed ingredients
analyzed. Aflatoxin B1 was found to be ranging from
1.61 ppb to 630.73 ppb of 77.42% positive samples,
whereas by TLC method it was from 05 ppb to 140
ppb in 70.97% positive samples. While 4 samples of
wheat bran analysed and 50% (2 samples) found to
be positive with HPTLC method with concentration
ranging from 2.73 to 17.88. Similarly, out of 59 feed
samples analyzed, 47 and 46 samples were positive
for Aflatoxin B1 representing 79.66% and 77.97% of
the samples, with concentration ranging from 0.54
ppb to 204.72 ppb and from 05 ppb to 710 ppb by
HPTLC and TLC respectively [27]. H. Marina Martins
et al (2007), analyzed 128 samples of several types of
hard cheese from five different European countries
were acquired from supermarkets in Lisbon,
Portugal. Eight samples (6.25%) contained levels of
AFM1 at the maximum permissible level (0.05ug/kg)
[28]. Seikichi Tsuboi et al (1984), was reported AFB1
presence in serum samples of healthy Japanese
males by radioimmunoassay and HPLC. AFB1 was
detected in 5 of 20 fasting blood samples [20 to 56
pg/ml of serum; 33.6 A+ 14.6 (S.D.)] and in 29 of 80
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serum samples taken after lunch (20 to 1169 pg/ml  87.7%. The incidences were 52.5 and 62%,

of serum; 218.1 A+ 268.3) [29].

Siahi Shadbad Mohammad Reza et al (2012),
determined the contamination levels of aflatoxins in
142 samples including 35 almonds, 26 walnuts, 4
seeds of apricot, 6 sunflower seeds kernel, 6 sesame
seed, 6 peanuts, 32 pistachios, 13 hazelnuts and 14
cashews and conclude that the aflatoxin
contamination rate higher than 15 ppb were
observed in 28.1% of pistachios, 5.1% of walnuts and
7.1% of cashews [30]. S. T. Ubwaet al (2012), was
carried screening of aflatoxin B1 levels in maize sold
in some markets of Benue State, Nigeria using thin
layer chromatography and confirmed that 7.64 to
13.40% of samples contains aflatoxin B1 in less than
the permission limits of National Agency for Food
and Drug Administration and Control [31]. Mohamad
Sadeghet al (2012), studied the aflatoxin B1 levels in
feed-stuff  samples using  enzyme linked
immunosorbent assay (ELISA) and high performance
liguid chromatography. The aflatoxin Bl level was
found to be 2.21+2.25 and 10.76+0.86 pg/kg for
HPLC and ELISA techniques, respectively [32].
Shotwell OLet al (2014), analyzed the aflatoxin levels
in corn samples using modified AOAC method and
confirms that the modified method can detect the
0.5-1.0 ng aflatoxin B1 on TLC plate making the limit
of detection about 9ng/g for 0.1g samples [33].
Marcela Martinez-Mirandaa et al (2015), analyzed
the aflatoxin content in 144 corn arepas samples
using HPLC method and confirms that 9.72% samples
were found to be contaminated with aflatoxin in the
concentration range of 0.95 and 11.56 ug kg-1 [34].
Wejdan Shakir Khayoon et al (2010), estimated the
aflatoxins B1, B2, G1 and G2 content in 42 animal
feed samples using HPLC fluorescence detection
method. The results confirm that eight samples
(19%) were contaminated with aflatoxins, ranging
from 6.5 to 101.9 ng g-1. Total aflatoxin levels in
three samples exceed the legal limits of many
countries of 20 ng g-1 [35]. Kai Peng et al (2015),
determined the aflatoxin B1 in tea by using HPLC-FLD
with photochemical derivatization method [36]. Joao
Augusto et al (1996), developed an easy and
inexpensive method to screen for aflatoxins in
peanut and corn by enhancing the fluorescence of
aflatoxin B1 with cyclodextrins for detection using a
fluorometer and aflatoxin B1 content was estimated
[37]. Ghalia et al (2009), has been used a reversed-
phase high-perfsormance liquid chromatographic
method for the determination of aflatoxins B1, B2,
Gl and G2 in Tunisian sorghum and pistachios.
Aflatoxin recoveries in sorghum and pistachios
samples spiked at 0.5 and 2ng/g varied from 68.3 to

respectively, for pistachios and sorghum samples,
with respective average contamination levels of 21.8
+38.0and 9.9 + 11.5 ng/g [38].

Sai Gopalakrishna Yerneni et al (2012), analyzed for
aflatoxin  contamination in cloves, pepper,
cardamom and red chillies samples by using TLC and
HPLC analysis respectively. Among all the samples,
red chillies were found to be positive for AFG and AFB
aflatoxins by TLC analysis. HPLC analysis of the red
chillies sample detected the presence of AFG2 and
AFB1 types of aflatoxin within the 6 min of the
baseline separation [39]. Baranitharan Krishnan et al
(2015), reported Aflatoxins contamination in 40
samples of local and branded corn flour that are
marketed in Chennai, Tamil Nadu, India by Romar’s
all-purpose extraction method followed by HPLC
analysis. Among 40 samples 23 samples (57.5%) have
shown positive for aflatoxin (35% samples have
shown positive for G1, 5% samples have shown
positive for G2, 50% samples have shown positive for
B1, 32.5% samples have shown positives for B2) [40].
FDA establishing regulations to protect their citizens
and livestock from potential harm caused by
mycotoxins. The limits of Aflatoxins B1, B2, < G2, and
M1 in foods and feed stuffs varies from (0-40) ppb for
foods & 0-1000ppb for food) [41]. However, not only
the FDA in USA, but also some European countries
have been establishing special committees and
commissions to create and recommend guidelines,
test standardized assay protocols, and maintain up-
to-date information on regulatory statutes of
aflatoxins and other mycotoxins. Estimates of “safe
doses” are usually stated as a “tolerable daily
intake”. For example, in the United States, the Food
and Drug Administration guideline is 20 ppb total
aflatoxin in food destined for human consumption
and 100 ppb is the limit for breeding cattle and

mature poultry (42]. Hence the systematic
determination of the foreign substances in
nutritional products and feedstock plays an

important role. The choice of the method of analysis
depends on the sample, the analyte to be assayed,
accuracy, limit of detection, cost and time to
complete the analysis [43].

The producers of food should use the pre harvest and
post-harvest control measure to avoid Aflatoxin
contamination. Pre-harvest control of aflatoxins is
best achieved through general Good Agricultural
Practice (GAP) to include Land preparation, crop
waste removal, fertilizer application and crop
rotation, Use of fungus and pest-resistant crop
varieties, Control of insect pests, Control of fungal
infection, Prevention of drought stress by irrigation,
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Harvesting at the correct moisture level and stage of
maturity. Post-harvest handling and storage is the
control of moisture content and hence, the water
activity of the crop is the most important and
effective control measure. It is also important to
ensure that the moisture content does not vary too
much in a bulk-stored crop [44].

The control measures for food processors include
physical separation of contaminated material.
Density segregation, mechanical separation and the
removal of fines and screenings from grain and nut
shipments can also be effective measures. Chemical
decontamination methods have been investigated,
especially for material used in animal feed, but most
of the methods investigated are impractical, or
produce toxic by-products. Biological
decontamination has also been considered, and a
single bacterial species, Flavobacterium
aurantiacum, has been shown to remove aflatoxin B1
from peanuts and corn. A number of analytical
methods have been developed based on TLC, HPLC
and ELISA and there are also rapid screening kits
available. Applying of control measures and analysis
of suspected food samples for determination of
Aflatoxins to take necessary action can control the
Afltatoxins effects.
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