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Abstract

Dried fruits and spices are used in the diets of people around the world due to their extended
shelf life and rich nutritional value. However, they are susceptible to contamination with
aflatoxins at all stages of production and storage. Aflatoxin B1 is one of the most potent
mycotoxins. The aim of the present study was to investigate the occurrence of aflatoxin B1
contamination in spices and dried fruits distributed in Sistan and Baluchestan using the ELISA
method. The principle of this test relies on the antigen-antibody reaction. Microtiter wells coated
with AFB1-specific antibody, both free and enzyme-conjugated AFB1 compete for binding to
the specific antibody binding sites. In this study, 100 samples of dried fruits and spices were
randomly collected from the market of Sistan and Baluchestan province and transferred to the
food hygiene laboratory. To evaluate the data, an independent samples t-test, one-way ANOVA
followed by Duncan’s multiple range test were used to compare the means and Chi-Square test
was used to compare the frequency distributions. The results showed that 100% of the analyzed
spice and dried fruit samples were contaminated with aflatoxin B1. The average contamination
of aflatoxin B1 in dried fruits and spices was 1.68 and 1.83 (ug/kg), respectively. The results
showed that none of the dried fruits and spices samples had contamination exceeding the Iranian
and European standards (5 pg/kg). Overall, dried fruits and spices supplied in Sistan and
Baluchestan do not pose a significant risk to consumer health.
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Introduction

In Iran, spices and dried fruits are very popular and widely used in the diet. Most of these spices are imported, but
all dried fruit samples are produced domestically. However, these foods are susceptible to contamination with
mycotoxins, particularly aflatoxin B1. Regulations have been established worldwide for the level of aflatoxin in
foods. In Iran, the maximum acceptable level of aflatoxin B1 is 5 pg/kg. Mycotoxins are classified as toxic
secondary metabolites produced by several fungal genera, including Aspergillus, Fusarium, Penicillium and
Alternaria. More than 400 types of mycotoxins have been reported, but due to their significant impact on health and
agriculture, aflatoxins (AFs), ochratoxin A, zearalenone, trichothecenes, fusarium toxins and patulin constitute the
most studied ones worldwide. Aflatoxins are among the most toxic and carcinogenic fungal secondary metabolites
produced by Aspergillus species. In nature, approximately 20 different types of aflatoxins have been identified.
However, the main aflatoxins include AFB1, AFB2, AFG1 and AFG2. Aflatoxins are thermally stable under various
food processing methods. Their melting point is above 250°C and they are stable in the pH range of 3 to 8, making
their removal from the food chain difficult and increasing the risk of persistent contamination. The aim of the present
study was to investigate aflatoxin B1 contamination in dried fruits and spices supplied in Sistan and Baluchestan
province.

Materials and Methods

In this study, a total of 100 samples of dried fruits and spices were randomly collected from supply centers in Sistan
and Baluchestan province in 2023. Thus, 50 packaged dried fruit samples included: 10 samples of apricot leaves,
10 samples of peach leaves, 10 samples of apple leaves, 10 samples of banana leaves, and 10 samples of kiwi leaves,
and 50 packaged powdered spice samples included: 10 samples of cinnamon, 10 samples of black pepper, 10
samples of turmeric, 10 samples of thyme, and 10 samples of sumac. All samples were stored in a cool and dry
environment until the experiment began. The Europroxima Netherlands ELISA kit was used to detect aflatoxin
levels. According to the manufacturer's instructions, after homogenizing the dried fruit and spice samples, a specific
quantity of each sample was ground and mixed with distilled water, alpha-amylase enzyme and then incubated for
20 minutes at 25°C. 50 uL of B1 solutions and prepared samples were added to the wells of the aflatoxin standard
microplate (two wells were used for each sample to increase accuracy). 50 uL of the enzyme-conjugated solution
was added to the wells, after which the solution was kept away from light for 2 hours at a temperature of 20-25°C.
Then, the liquid in the microplate wells was emptied, after which the wells were washed twice with a special buffer.
50 pL of chromogen was added to the wells. After mixing, the plate was kept in the dark for 30 minutes at room
temperature. During this stage, the samples developed a blue color. The color intensity was found to be inversely
proportional to the aflatoxin concentration in the samples and standards. Finally, the blue color turned yellow when
100 pL of stopping solution was added. The absorbance of the samples was measured using a special ELISA reader
at a wavelength of 450 nm. Based on the absorption percentage of the standard samples and the amount of aflatoxin
B1 present, the sensitivity of the kit was determined to be 0.05 ppb. SPSS version 23 was used for calculations and
data evaluation. Independent sample t-tests, ANOVAs and Duncan's tests were used to compare means, and chi-
square tests were used to compare frequency percentages. Excel was used to draw graphs.

Results

The results showed that all 50 of the dried fruit samples were contaminated with aflatoxin B1. However, none of
the contamination levels exceeded the Iranian national standard of 5 pg/kg, as listed on the website of the Iranian
Standards and Industrial Research Department. Thus, of the 50 samples analyzed, 14% were found to contain less
than 1 pg/kg of aflatoxin B1, 36% contained between 1 and 2 pg/kg, 34% contained between 2 and 4 pg/kg, and
16% contained between 4 and 5 pg/kg. The highest contamination rate was found in kiwi leaves, at 50%. The results
of the aflatoxin contamination test on spices showed that all 50 samples were contaminated with aflatoxin B1, but
none exceeded the Iranian national standard of 5 pg/kg, as listed on the website of the Iranian Standards and
Industrial Research Department. Thus, out of 50 samples, 20% were less than 1 pg/kg, 38% in the range of 1 to 2
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Hg/kg, 36% in the range of 2 to 4 pg/kg, and 6% in the range of 4 to 5 pg/kg. The highest level of contamination
with aflatoxin B1 was found in sumac with 50%. Based on the results obtained and the independent samples t-test,
there was a significant difference of p=0.01 between the samples of dried fruits and spices in Sistan and Baluchestan
province and the Iranian standard. The results obtained showed that the average contamination with aflatoxin B1 in
dried fruits was 1.68 pg/kg and in spices was 1.83 pg/kg. Also, the relationship between the average contamination
in dried fruits and spices was significant with a 99% level of confidence.

Conclusion

In this study, the level of contamination with aflatoxin B1 in fruits and spices was low; therefore, it is necessary
that the level of regulatory enforcement remains consistent. The most important methods to minimize the growth
and proliferation of molds include proper production practices, proper packaging, proper post-harvest practices such
as cleaning, drying, and storage in conditions outside the growth range of aflatoxin-producing molds, regular
inspections, especially in warehouses, factories and supermarkets. Complete elimination or destruction of mold
toxins in food products is not possible with standard cooking methods and typical temperatures. Therefore, effective
management and implementation of control measures are essential to ensure consumer safety. The results of the
present findings showed that dried fruits and spices supplied in Sistan and Baluchestan do not pose significant health
risks to consumer health.
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Table 2- Absolute and relative frequency distribution of aflatoxin B1 contamination (micrograms/kg) in spices supplied in
Sistan and Baluchestan

(ng/kg) vf{,ﬂ‘ 03 gd>we 03T 3yl pn & gad 3l sl gy
Contamination range (ug/kg) Contamination Number of Type of Spices
45 2-4 1-2 >1 samples
0 4 4 2 10 n 10 el
0 40 40 20 100 % Cinnamon
0 3 5 2 10 n 10 olow Jalo
0 30 50 20 100 % Black pepper
1 3 4 2 10 n 10 )
10 30 40 20 100 % Turmeric
1 3 3 3 10 n 10 Crs T
10 30 30 30 100 % Thyme
1 5 3 1 10 n 10 Slew
10 50 30 10 100 % Sumac
3 18 19 10 50 n
6° 36° 38? 20° 100 % 50 thog?

Wl SouG b gl Sls ian oDt P<e /0N b e gline ndSSH S 87 o5 o b sldel L sad sl

Numbers with different lowercase English letters are statistically significantly different from each other with p < 0.01.
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Table 3- Comparison of aflatoxin B1 consumption (pg/kg) in dried fruits and spices supplied in Sistan and Baluchestan
province with Iranian standards

13 sxe pelanr Ol 31kl ST K b osle g 5
SD Standard of Iran Average Contamination Type of food
o118 5 (uglkg) 1/68+0/3 i o
Dried Fruit
|
0/121" 5 (ug/kg) 1/83+0/6 52
Spices
- - 0/001** Sols sae cb.w

b W g S ST Sl o glis 18 Sl gtmo Ol 3,1kl b Lot g oS 5T ldie o5l NS lins Sl mnil & .85 31 1 )ls slte!

(P<O/05) ol 13 gime Ao 3 48 oz L Ol 51 5,1k

Numbrs are mean + standard deviation. ns: The difference in the aflatoxin content of the samples with different Iranian
standards is not significant. **: The difference in the aflatoxin content of the samples with the Iranian standard is significant
with a probability of 99% (p<0.05).
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Chart 1 - Comparison of aflatoxin B1 (ug/kg) in dried fruits and spices supplied in Sistan and Baluchestan province with
Iranian standards
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Table 4- Comparison of total aflatoxin B1 contamination levels in spice and dried fruit samples

Sl e cb.ﬂ (s y3) laas g (dpy3) it 0 90 L;:}JT 2>
Significance level Spices (%) dried fruit (%) Contamination range (Lg/kg)
0/009** 10 (20%) 7 (14%) >1
0/001** 18 (36%) 18 (36%) 1-2
0/001** 18 (36%) 17 (34%) 2-4
0/208"™ 3 (6%) 8 (16%) 4-5

A9 Jlaz b s 05 gl e (P /00) Sl Hls gme o33 A0 Jlaz | b a5 Do gl&5 130 L Hls ime Calibes (glads a5 o o l&5 NS

(p<0.01) sl Hls sims dsys

ns: The difference between different samples is not significant. *: The difference between samples is significant with a 95%
probability (p<0.05). **: The difference between samples is significant with a 99% probability (p<0.01).
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