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Background: Aflatoxins are classified as definitive or possible human carcinogens. Nuts
and nutty products are among the most frequent aflatoxin-contaminated foodstuffs.
The aim of this study was to assess the levels of aflatoxins (Bs, Bz, Gi, G, total) in
different nuts, including pistachio, almond, cashew, hazelnut obtained from selected
supermarket chains in Tehran city.

Methods: A total of 20 nut samples were collected from eight randomly selected chain
stores, and the levels of aflatoxins in the samples were evaluated using an
immunoaffinity column and quantified by high-performance liquid chromatography
technique (HPLC).

Results: Among 20 tested nuts, only one sample (roasted hazelnut) was contaminated
with the aflatoxins (AGq) at a level of 0.34 pg/kg, while the tested mycotoxins were not
detected in the other samples.

Conclusion: Our findings indicated that different parameters such as climatic
conditions, implementing strict regulations, improvement in harvest and post-harvest
practices alongside rigorous surveillance by the Department of Public Health and
Preventive Medicine (AJA University of Medical Sciences) on the quality of food
materials may explain the low incidence of aflatoxins in this study.

1. Introduction

liver damage, coma, and death are the main characteristics
of acute aflatoxicosis. This type of disease often occurs in
Southeast Asia and Africa. Chronic aflatoxicosis results from

Aflatoxins are a group of toxic metabolites produced by
some  species of fungus  Aspergillus  (mainly
Aspergillus parasiticus and Aspergillus flavus) [1]. Among
the known 14 different types of aflatoxins, aflatoxin B (AB1),
B2 (AB3), G1 (AG1), and Gz (AG;) are naturally occurring toxins
in foods [2]. Acute and chronic aflatoxin poisonings occur via
exposure to the toxins; however, chronic disease is more
common [3]. Nausea, abdominal pain, diarrhea, fever, acute

exposure to low or moderate levels of aflatoxins. Chronic
disease is mainly characterized by symptoms like chronic
hepatitis, jaundice, cirrhosis, hepatomegaly, and liver cancer
[4]. AB; is recognized as a human carcinogen and is the most
common aflatoxin in contaminated food samples compared
to the other three types. AB;, AG1, and AG; are classified as
possible human carcinogens and are not generally reported
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in the absence of AB; [5,6]. It has been shown that these
mycotoxins can commonly contaminate a wide range of
foodstuffs such as spices, nuts, rice, etc. [7]. Nuts and nutty
products are among the most frequent aflatoxin-
contaminated foods. Based on the national and EU standards,
the maximum acceptable level of total aflatoxins in nuts is
set at 15 pg/kg and 3 15 pg/kg, respectively [8,9]. Various
factors related to nut products, including water activity,
nutrients, pH of the product, manufacturing process,
harvesting and post-harvesting conditions, etc., altogether
provide convenient conditions for fungal proliferation.
Therefore, as these food products are consumed daily as part
of the ingredients of some foods and snacks, regular
monitoring should be implemented to evaluate the level of
aflatoxins contamination in nut products. Based on the
official data, more than 800,000 million tons of different
types of nuts are annually consumed in Iran, and per capita,
nut consumption amounts to 10 kilograms, four times as
much as the global average [10]. This highlights the
importance of monitoring the nut contamination with
aflatoxin-producing fungus in the country. Although several
efforts have been made to investigate the degree of
aflatoxins contamination in different foodstuffs in Iran, the
importance of the issue makes it necessary to assess the
occurrence of aflatoxins in food products consistently. In the
present study, levels of aflatoxins in different types of nuts
supplied in a selection of military-owned supermarket
chains in Tehran city were assessed and quantified by HPLC
analysis.

2. Materials and Methods
2.1 Study area

This study was conducted in eight randomly selected
military supermarket chains in Tehran, Iran. Figure 1 depicts
the location of the stores in Tehran city.

2.2 Sampling

Since nuts were unavailable in some of the studied stores
for sale, a total of 20 nut samples were collected randomly,
including pistachio (4), almond (5), cashew (3), hazelnut (3),
and walnut (5). These nuts are commonly consumed snacks
in Iran. The sampling plan was according to the Iranian
national standard (No. 13534) [11] and Food Standards
Agency, UK [12]. In brief, a random sample of 10 packages
(100 g) of each nut was obtained and then thoroughly
pulverized and mixed using a Waring blender. Before sample
preparation, pistachios were dehulled. The prepared nut
samples were stored at 4 °C until analysis.

2.3 Chemicals

Aflatoxin standards were purchased from Sigma (USA).
Stock solutions of the aflatoxins with concentrations of
10,000 ng/ml were prepared in methanol and stored in the
secured conditions at 20 °C in the dark. The toxins working
solutions were prepared before use by diluting the stock
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solutions in the same solvent. All chemicals were analytical
grade and the solvents used were of the highest purity.

2.4 HPLC determination of aflatoxin

The extraction and quantification of aflatoxins by HPLC
analysis followed the method described by Mazaheri (2009)
and ISIRI 6872 [13,14]. In order to extract mycotoxins, the
nut samples were extracted with 200 ml of methanol/water
(80 ml/20 ml). The extract was filtered with Whatman filter
paper (No. 4) and diluted with deionized water. Then, after
filtering with a glass microfiber filter, 75 mL of the filtrate
was passed through the aflatest immunoaffinity columns
(IAC) at a rate of about 1-2 drops/s. The immunoaffinity
column was washed with water (15 mL) at the same flow
rate. Final elution was completed by passing 0.5 ml of HPLC-
grade methanol (at the same rate) through the column. The
second portion of methanol (1 mL) was applied after 1min
and collected. Finally, the eluate was diluted with deionized
water and used for HPLC analysis. The levels of aflatoxins
were determined by a reversed-phase HPLC system (Agilent
1100 chromatograph; Agilent Corporation, Santa Clara, CA,
USA) equipped with a fluorescence detector with post-
column derivatization (PCD) involving bromination. Mobile
and stationary phases were water-methanol-acetonitrile
(60:30:20, v/v/v) and 350 pl of nitric acid (4 mol/l), and 120
mg of KBr with a rate of 1 ml/min, and C-18 column (Nova-
pack 2.1 x 100 mm: 3 pm) respectively. The fluorescence
detector was operated at an emission wavelength of 435 nm
and an excitation wavelength of 365 nm. One hundred pl of
the prepared diluted samples were injected into HPLC in
each round of quantification. To evaluate the reliability of the
results obtained by HPLC analysis, linearity, the limit of
detection (LOD), and the limit of qualification (LOQ) were
determined. A five-point calibration curve was constructed
for each aflatoxin using aflatoxin standards of 0.1-100 pg/kg.
Accuracy was assessed by determining the aflatoxins
recoveries. The recoveries of the studied mycotoxins were
recorded by analyzing a blank pistachio sample (roasted)
spiked at 2 pg/kg for each AB1 and AG1 and 1 pg/kg for each
AB2 and AG2. After solvent evaporation (in a fume hood at
25 °C for ~ 1 h), the same extraction and analysis procedures
described above were applied to the spiked samples. LOQ
and LOD were calculated by spiked samples based on a
signal-to-noise ratio of 3:1 for LOD and 5:1 for LOQ [8].

Figure 1: Sampling points (indicated with @ ) in different districts of Tehran
city, Iran. Source of the population density map: Atlas of Tehran metropolitan
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3. Results and Discussion

The presence and levels of aflatoxins, including AB+, AB,
AG,, AG,, and total, were checked and quantified by HPLC
analysis. Table 1 summarizes the validation results (LOD,
LOQ, linearity, and recovery) on HPLC Method. The
correlation coefficient, r? of the standard curves, ranged
between 0.997-0.999, confirming the linearity of the graphs.
When the AB; and AG; were spiked at 2 (ng/kg), and AB, and
AG; 1 (pg/kg), the recoveries obtained for the pistachio
sample (roasted) ranged between 92.7, and 112.3%. The LOD
of AB1, AB,, AGq, and AGy were 0.12, 0.05, 0.14, and 1 (ng/kg),
and LOQ were 0.3, 0.24, 0.3, and 0.21 (pg/kg), respectively.
These results showed that the HPLC analysis adopted in the
present study was reliable and acceptable. The presence of
the toxins and the level of contaminations in the tested nut
samples are shown in Table 2. As it can be seen, among the
20 tested nuts, only one sample (roasted hazelnut) was
contaminated with the aflatoxins (AG;) at a level of 0.34
ng/kg, while the tested mycotoxins were not detected in the
other samples (by the HPLC analysis used in this study). A lot
of research has investigated the occurrence of aflatoxins in
different foodstuffs, including cereals, dairy products, nuts,
and nutty products [7]. Nuts and nutty products are always
recognized as possible dietary sources of aflatoxins. Among
the studies conducted on determining aflatoxins in nuts,
important investigations have been published from Iran,
mainly on pistachios [15-17]. Unlike our findings, almost all
of the works that existed in the literature, especially in Iran,
reported a  significant  percentage of  aflatoxin
contaminations in nuts. In a study by Dini et al. (2013), 3181
commercial pistachios (raw) nut lots were tested for
aflatoxins from 2009-2011 by the HPLC method [17].
Although the tested samples were intended for export and
require a higher degree of quality, 1927 samples (23.5%)
were contaminated with the mean value of 2.42-14.7 png/kg
and 428 (5.22%) sub-samples were above the European
Union (EU) maximum tolerable level (8 pg/kg), while our
samples were almost free of contamination. However, the
authors indicated that in comparison with the data reported
for the product in 2002-2003 (~50% contamination) [16], the
level of pistachio contamination was decreased via
improvement in hygienic conditions of harvesting and post-
harvesting practices and cultivation of pistachios in Iran. In
another study, ELISA and HPLC methods collected 142 nut
samples, including walnut, almond, pistachio, hazelnut, etc.,
and tested them for aflatoxins [18]. They reported that 28.1%
of pistachios, 7.1% of cashews, and 5.1% of walnuts (total of
13 cases) were contaminated (>15 ppb), and AB1 was the
highest detected aflatoxin. Apart from these studies, a
comprehensive review of aflatoxins in food products in Iran
in 2016 showed that these toxins were found in many food
products, including nuts [15]. All of the surveyed nut samples
had some levels of aflatoxin contamination, which may
indicate the great quality of the tested nuts in the present
study. The incidence of aflatoxins in food products depends
on many factors, such as season of the year, food type,
geographical location, and post-harvest practices [19]. One
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of the main factors influencing the incidence of aflatoxins in
foods is the geographical location and climatic condition,
where the humid and warm weather provides an optimal
situation for fungal proliferation and developing toxins [20].
In this regard, the research on aflatoxins in foodstuffs is
mainly associated with the area with the aforementioned
conditions, like Malaysia [21]. Iran has mostly a hot, dry
climate, especially in the central parts, where the main nuts
farmlands are (like pistachios farms in Kerman and
Rafsanjan) [17,22]. Therefore, compared to tropical regions,
the risk of aflatoxins production is much lower due to lower
relative humidity. Higher levels of aflatoxins were frequently
observed in different food products in African countries,
most likely due to unacceptable storage conditions,
consumer and farmer awareness, favorable climatic
conditions for mold proliferation, technological hurdles, and
poverty [7]. The lower levels of aflatoxins in the countries
like Iran might also be linked with several strategies
indicated in the literature [7,16,17]. These strategies,
including implementation and adoption of strict regulations
and standard limits versus aflatoxins, consumer and
producer awareness, and improvement in post-harvest
technologies, have been followed and emphasized by Iranian
authorities for decades, and their positive impacts were
reported by several authors [16,17]. In this concern, our
finding revealed that regarding aflatoxin contamination, the
quality of the supplied nuts in the surveyed stores was great
and far lower than the national (15 pg/kg for total aflatoxins)
and EU tolerable limits (2 pg/kg for total aflatoxins) set for
nuts [8,9,17].

Table 1: Validation of aflatoxin determination by HPLC analysis

Toxin LOD? LOQP Calibration r Recovery
(ng/kg) (ng/kg) curve (%)
AB, 0.12 0.3 y=3.52x+ 0.997 98.7
12.22
AB, 0.05 0.24 y=9.83x+ 0.999 95.9
3.67
AGy 0.14 0.3 y=182x+ 0.998 92.7
1.36
AG; 0.1 0.21 y=6.71x+ 0.999 1123
4.32

2 Limit of detection

b Limit of quantification

¢ Aflatoxins recoveries were employed for determination of accuracy.
Recoveries were determined by spiking 2 (ng/kg) ABy and AG,, and 1 (ng/kg)
AB; and AG, to the pistachio sample (roasted).

4. Conclusion

In conclusion, our findings indicated that several factors,
such as climatic conditions, implementation of strict
regulations, and improvement in post-harvest practices, may
cause the low incidence of aflatoxins in nuts in Iran. Besides
the factors above, rigorous surveillance by the Department of
Public Health and Preventive Medicine (AJA University of
Medical Sciences) on the function of related food suppliers
and the quality of food materials in those supermarket chains
decreases the occurrence of food-related hazards.
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Table 2: Occurrence of aflatoxins in different types of nuts by HPLC analysis

Evaluation of Aflatoxins in Nuts in Tehran

Sample type Analyzed Number of Aflatoxins® (pg/kg)
sample positive

Total aflatoxin® AB1 AB2 AG1 AG2
Pistachio (raw) 1 0 <LOD® <LOD <LOD <LOD <LOD
Pistachio (roasted) 3 0 <LOD <LOD <LOD <LOD <LOD
Almond (raw) 1 0 <LOD <LOD <LOD <LOD <LOD
Almond (roasted) 4 0 <LOD <LOD <LOD <LOD <LOD
Cashew (raw) 2 0 <LOD <LOD <LOD <LOD <LOD
Cashew (roasted) 1 0 <LOD <LOD <LOD <LOD <LOD
Hazelnut (raw) 1 0 <LOD <LOD <LOD <LOD <LOD
Hazelnut (roasted) 2 1 0.17 £0.24 <LOD <LOD 0.17 £0.24 <LOD
Walnut 1 0 <LOD <LOD <LOD <LOD <LOD
Walnut (sliced) 4 0 <LOD <LOD <LOD <LOD <LOD

4 Data are expressed as mean * standard deviation.

b Total aflatoxin was represented by the summation of aflatoxin By, By, G1 and G; levels

¢ Below the limit of detection
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