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Abstract

Aflatoxins are mycotoxins, mainly produced by Aspergillus
flavus, Aspergillus parasiticus and Aspergillus nominus.
Mycotoxin is found in foods which stored in hot, humid and
unhealthy conditions such as cereals especially maize and rice,
some animal source foods such as milk and cheese, hard-
shelled fruits such as walnuts, hazelnuts and peanuts, dried
fruits and spices. Aflatoxins are composed of six main groups
namely B1, B2, G1, G2, M1 and M2. There is a strong statistical
relationship between aflatoxin uptake and primary liver cancer.
The aim of this study is to determine the amount of aflatoxin B1,
B2, G1, G2 in some chips and snacks with peanut consumed in
Istanbul. In this study 10 different types of chips and 4 different
types of peanut bars samples obtained from the markets in
Istanbul were grinded and aflatoxin determination was
performed. The analysis was carried out by HPLC using
immunoaffinity chromatography and post-column UV
derivatization system. B1 and B2 aflatoxins are determined in
50% of the peanut-chips in the range of 5-24 µg/kg. Aflatoxin
B1 values of 30% of peanut-chips found above the limit. G1
aflatoxin was not found in samples. According to the related
notification in Turkish Food Codex, it is determined that total
aflatoxin amount is above the limit in 30% of chips products.
The amount of aflatoxin determined in snack bars is below the
maximum limit. According to the European Community, limit
values for aflatoxin B1 that can be found in human food is 2-4
µg/kg. In our country, the maximum acceptable value for
peanuts, other oil seeds and spices is 5 μg/kg for aflatoxin B1
and 10 µg/kg for total aflatoxin.
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Introduction
Cancer, which is responsible for approximately 6 deaths globally, is

the second most important cause of death worldwide. According to
WHO data, 8.8 million people lost their lives due to cancer in 2015 [1].
According to the Turkey Statistical Institute data; cancer accounted for
about 20% of all deaths in 2015 in our country [2]. The second most
common cause of cancer deaths worldwide is liver cancer. Genetic
factors as well as physical, chemical and biological carcinogens play an
important role in cancer formation [1]. It is thought that 4.6% to 28.2%

of hepatocellular carcinoma cases, the most common form of liver
cancer, are caused by aflatoxin exposure from the chemical carcinogen
class [3]. It has been proven in studies that there is also a strong
statistical relationship between aflatoxin uptake and primary liver
cancer (PLC) [4]. Aflatoxins are mycotoxins, which are considered to
be toxic metabolites, produced mainly in foods by some fungi such as
Aspergillus flavus, Aspergillus parasiticus and Aspergillus nominus
[5-7]. Mycotoxin is found in foods which stored in hot, humid and
unhealthy conditions such as cereals especially maize and rice, some
animal source foods such as milk and cheese, hard-shelled fruits such
as walnuts, hazelnuts and peanuts, dried fruits and spices which are
highly toxic mutagenic, carcinogenic and teratogenic compounds
[8-10]. It is estimated that mycotoxins infect up to 25% of the nutrients
in the world every year [11]. It has been revealed in studies that there is
a relationship between mycotoxin-contaminated food intake and
particularly hepatic, gastrointestinal, and carcinogenic diseases [12].

Aflatoxins which are from the mycotoxin group are composed of six
main groups namely B1, B2, G1, G2, M1 and M2 [8]. Aflatoxin B1
(AFB1) is considered one of the most important mycotoxins due to the
potential hepatotoxicity and the worldwide effects [13,14]. AFB1’s high
toxicity has emerged as a result of an incident occurred in England in
1960. More than 100.000 turkeys and other poultry fed with peanut
pulp contaminated with AFB1 died. The cause of deaths is stated as the
‘Turkey × Disease’ originating from the AFB1 [15]. It has been
reported that the intake of 2-6 mg/kg/day of AF for a month produces
hepatitis in places where deaths are reported in India [16]. It has been
observed in a study conducted in Turkey that aflatoxin exposure was
significantly higher in viral hepatitis patients than those of healthy
subjects and may play an important role in the development of
hepatocellular carcinoma [17]. For the development of aflatoxigenic
molds 24-35°C temperature and relative humidity above 70% are
optimum conditions [18].

Along with the changing living conditions, fast and ready food
consumption habits of people increased their tendency towards snack
products. The main factor that causes obesity, which has become a
major public health problem in many countries, particularly in the
USA, is the excessive consumption of energy-intensive foods,
especially snack foods. The chips constitute a significant part of the
high-energy snack products and they have the very important
percentage in terms of snack consumption in our country as well as all
over the world [19,20]. The surplus consumption per capita caused the
chips market to take a big place in Turkey as a result of the interest and
demand of the young population to snacks. Turkey is in the forefront
of snack consumption in the world, and chips consumption is the most
common. Chips are deep fat fried products with high fat and salt
content. The consumption of high amounts of fat and salt increases the
risk of coronary heart disease, hypertension, diabetes and cancer [19].

Peanut (Arachis hypogaea) is among the most popular oilseeds in
the world and has a high lipid content, most of which is formed by
unsaturated fatty acids. It is a source of protein with high biological
value because it contains essential and non-essential amino acids. In
addition to having a good mineral content, it also contains E vitamins
and polyphenols with antioxidant properties [21-23]. Due to all these
features, peanut is associated with the reduced heart diseases and some
cancers and improved weight management [24-26]. Recently, peanut
and peanut products are frequently placed in daily diet due to the high
health benefits, usability and affordability [27].
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Although peanuts are a good source of nutrition, it is well known all
over the world that peanuts and their products are the most risky foods
in terms of mycotoxin, especially aflatoxin contamination [22,28,29].
Aflatoxin contamination of peanut products causes serious problem
for human and animal health and even causes fatal diseases [29-31]. It
has been determined in a study that aflatoxins were found with more
frequent and higher concentrations in blood serum of children with
kwashiorkor than the other malnourished group and control group
[32]. In a study which examining the association between the growth
retardation and the aflatoxin contaminated food intake, it was reported
that there was a significant relationship between the stunting and the
aflatoxin [33]. This study is designed to determine the effect of peanuts
on the aflatoxin levels of chips and peanut-snack products and to
determine the risks in terms of public health, which are added to
various snacks for the taste, aroma and flavor, consumed mostly by the
younger population at a very high rate. The aim of this study is to
determine the amounts of aflatoxin B1, B2, G1 and G2 in some chips
and snacks with peanut consumed in Istanbul.

Materials and Methods
The following chemicals; acetonitrile (ACN), methanol (MeOH),

potassium dihydrogen phosphate (KH2PO4), sodium chloride (NaCI),
sodium hydroxide (NaOH) and aflatoxin mix 4 solution
(B1+B2+G1+G2) were obtained from Sigma (St. Louis, MO, U.S.A).
Immunoaffinity column (AFLAPREP, Product Code: P07) was
obtained from R-Biopharm (Glasgow, UK) for purification of
aflatoxins. Teflon tube "tubing" (length: 20 m diameter: 0.25 mm) was
purchased from Supelco Analytical. UVA lamp (20 W, 60 cm) was
supplied from Sylvania. In this study, all other chemicals were used in
high purity.

Preparation of Samples
In this study, 10 different kinds of (classic, spicy, peanut) chips and 4

different kinds of peanut-snack bars were sampled which are obtained
from different markets in Istanbul. The samples were homogenized by
grinding. Then, 50 g of each sample was weighed and placed in a 250
ml plastic beaker. Then, 5 gr of sodium chloride and 100 ml of distilled
water were added and thoroughly mixed in a high speed mixer for 1
min. After that, 150 ml of methanol was added to the prepared mixture
and mixed again in the high-speed mixer for 2 min. The mixture was
filtered through a filter paper and centrifuged at 4000 rpm for 10
minutes and then adjusted to pH 7.4 with 2M NaOH solution. After
purification 5 ml of this obtained liquid was taken and 5 ml of buffer
solution was added onto this [34].

Immunoaffinity chromatography
The extract obtained in the preparation of the sample was passed

through the immunoaffinity column in a volume of 2 ml per minute
with the prepared pump system. After the sample loading was
completed, the column was rinsed with 20 ml of buffer solution to
remove residual impurities. The toxins were eluted with 1 ml of
methanol at a flow rate of approximately 5 ml per minute and then
filtered through a 0.22 µm cellulose-based filter and injected into
HPLC.

HPLC conditions
The content of aflatoxins was determined by HPLC, consisting of

Shimadzu LC 20AT pump with a Shimadzu RF-10AXL fluorescence

detector (Shimadzu Corporation, Kyoto, Japan) according to
procedure described by [35] with some modifications. The Mobile
phase consisted of a mixture of water/acetonitrile/methanol
(60/15/30 //v/v/v). Excitation and emission wavelengths 365 nm and
460 nm for aflatoxins, respectively. The separation was performed with
a Luna (5 µm, 4.6 × 250 mm), C18 analytical column (Phenomenex,
USA) and the flow rate was 1.2 mL/ min. The column oven
temperature was maintained at 35°C, the analysis time was 30 min and
the injection volume was 50 µl.

Chips samples B1
(µg/kg
)

B2
(µg/kg
)

G1
(µg/kg
)

G2
(µg/kg
)

TOTAL
(µg/kg)

Peanut-corn chips 14 16 - 3 33

Potato chips 2 1 - - 3

Peanut-corn chips - - - - -

Sweet corn flavored

corn chips

- - - - -

Garlic bread chips - - - - -

Spicy potato chips - - - - -

Hot spice aroma
flavored corn chips

- - - - -

Hot Spice Aroma
Flavored Corn Chips

- - - - 1

Peanut-corn chips 5 6 - - 11

Peanut-corn chips 24 15 - - 39

Table 1: Aflatoxin amounts in chips

Derivatization system
As an alternative to the post-column derivatization system of Kobra

Cell, the photochemical derivatization system was established in a
laboratory environment. The derivatization system was formed by
wrapping a 60 cm long UV-A lamp with a length of 20 m and a 0.5 mm
diameter teflon tube.

Results and Discussion
The limit value for aflatoxin B1, which can be found in human food

according to the legal limits of aflatoxins in European Union (EU)
member countries, is accepted as 2-4 µg/kg [36,37]. The maximum
acceptable value is determined as 5 μg/kg for aflatoxin B1 and 10 μg/kg
for Total aflatoxin (B1 + B2 + G1 + G2) content for peanut, other
oilseeds and spices in the Turkish Food Codex Legislation [38,39].
(Figure 1) shows the chromatogram of aflatoxins mix standard (B1, B2,
G1, G2) and (Figure 2) shows the chromatogram of a peanut-corn
chips. (Table 1) shows that aflatoxin B1 and aflatoxin B2 were detected
in 50% of the analyzed chips products with peanut in the range of 5-24
µg/kg. It has been known for many years that aflatoxin B1 is the most
carcinogenic form of aflatoxin that occurs naturally and has toxigenic
properties in living organisms [40,41].

According to the analysis results, the amount of 24 μg/kg aflatoxin
B1 is close to about five times to legal tolerance limits applied in Turkey
as 5 μg/kg. When the amount of Total aflatoxin (B1 + B2 + G1 + G2) in
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chips products is considered the results of the analysis obtained as
39μg/kg is approximately twice as much as the tolerable level of 20
μg/kg [42] as determined by the FDA which is an international
organization as well as it is approximately quadrupled of 10 μg/kg
which is the legal tolerance limits applied in Turkey. The aflatoxin
analysis results of the peanut-snack bar samples are given in (Table 2).
Aflatoxin was detected in 50% of snack bars in the range of 1-2 μg/kg.
However, according to the (Table 1,2) the results of the analysis of 14
samples in total indicate that aflatoxin G2 was found in 14% of the
samples. G1 aflatoxin was not detected at all. In Table 1, when the
amounts of aflatoxin found in the analysis of chips samples compared
with the maximum acceptable values for aflatoxin in the Turkish Food
Codex; it can be seen that both the aflatoxin B1 values and the Total
aflatoxin values in 30% of the chips products are above the maximum
limits. Table 2 also shows that the amounts of aflatoxin detected in
analysed snack bars were below the maximum limits. It is clearly seen
that there are serious problems with aflatoxin formation and
contamination in the drying and storage stages of peanuts used in the
production of snack products and these problems will continue to
threaten human health unless precautions are taken. On the other
hand, it is known that peanut pellets, which are fully immature,
damaged for any reason or damaged by seed coat, have high potential
for aflatoxin production [43]. Considering that first quality peanuts are
primarily assessed in terms of nut consumption, it is thought that
snack manufacturers prefer lower quality peanuts for use in the
production as they are commercially economical. As a result of the
analysis high levels of aflatoxin in snacks are thought to be the result of
the use of lower quality peanut in production which has a high
aflatoxin content and it is necessary to show the high precision by the
manufacturers and to increase the control of raw materials in terms of
aflatoxin in such snack products.

Figure 1: HPLC chromatogram of aflatoxins.
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Figure 2: HPLC chromatogram of aflatoxins in peanut-corn chips.

Conclusions
In this study, aflatoxin analysis was performed by HPLC using

immunoaffinity chromatography and post-column UV derivatization
system in 14 snack samples including 10 different chips and 4 different
peanut-snack bars. According to the results of this research, aflatoxin
was detected in 50% of samples of snack products containing peanut at
different concentrations. However, the amount of aflatoxin detected in
the chips samples is much higher than the peanut-snack bar samples
and found above the maximum limits. As a result; since aflatoxin is
detected in quantities that seriously affect human health in consumed
chips, it is suggested to reduce the consumption by considering the
other damages of the consumption of chips. It is considered that
aflatoxin, which is an important role of the protection and
development of the public health, by giving more importance to the
studies, should be sampled in adequate amounts and regularly
analyzed in chips and peanut-snack products before to be served for
consumption and appropriate ones should be presented to consumers.
It would be beneficial to improve peanut production techniques,
especially drying with modern techniques in the production process as
well as to increase the work on the implementation of preventive
activities by increasing raw material controls for peanuts used in snack
production.

Peanut-snack
samples

B1
(µg/kg
)

B2
(µg/kg
)

G1
(µg/kg
)

G2
(µg/kg
)

TOTAL
(µg/kg)

Rice crispy caramel
peanut bar

- - - 2 2

Milk chocolate
covered peanut
caramel nougat bar

- - - - -

Peanut bar 1 - - - 1

Chocolate peanut
caramel nougat bar

- - - - -

Table 2: Aflatoxin amounts in snack bars.
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