
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=tfab20

Download by: [Amir Sasan Mozaffari Nejad] Date: 01 November 2015, At: 12:30

Food Additives & Contaminants: Part B
Surveillance

ISSN: 1939-3210 (Print) 1939-3229 (Online) Journal homepage: http://www.tandfonline.com/loi/tfab20

Ochratoxin A in dried grapes in Hamadan
province, Iran

Ali Heshmati & Amir Sasan Mozaffari Nejad

To cite this article: Ali Heshmati & Amir Sasan Mozaffari Nejad (2015) Ochratoxin A in dried
grapes in Hamadan province, Iran, Food Additives & Contaminants: Part B, 8:4, 255-259, DOI:
10.1080/19393210.2015.1074945

To link to this article:  http://dx.doi.org/10.1080/19393210.2015.1074945

Accepted author version posted online: 29
Jul 2015.
Published online: 27 Aug 2015.

Submit your article to this journal 

Article views: 22

View related articles 

View Crossmark data

http://www.tandfonline.com/action/journalInformation?journalCode=tfab20
http://www.tandfonline.com/loi/tfab20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/19393210.2015.1074945
http://dx.doi.org/10.1080/19393210.2015.1074945
http://www.tandfonline.com/action/authorSubmission?journalCode=tfab20&page=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=tfab20&page=instructions
http://www.tandfonline.com/doi/mlt/10.1080/19393210.2015.1074945
http://www.tandfonline.com/doi/mlt/10.1080/19393210.2015.1074945
http://crossmark.crossref.org/dialog/?doi=10.1080/19393210.2015.1074945&domain=pdf&date_stamp=2015-07-29
http://crossmark.crossref.org/dialog/?doi=10.1080/19393210.2015.1074945&domain=pdf&date_stamp=2015-07-29


Ochratoxin A in dried grapes in Hamadan province, Iran
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The occurrence of ochratoxin A (OTA) in dried grapes was surveyed in this study. Sixty-six samples of dried grapes (40
currants, 16 sultanas and 10 raisins) were collected from dried grapes factories in Hamadan province, Iran, from October
2012 to March 2013. High-performance liquid chromatography (HPLC) was used to determine OTA in these samples. OTA
was detected in 23 (57.5%) currants, 10 (62.5%) sultanas and 6 (60%) raisins samples. Levels in five samples exceeded the
Institute of Standards and Industrial Research of Iran (ISIRI) maximum level of 5 µg/kg. However, OTA content in none of
the samples exceeded the maximum limit prescribed in the European Union (EU) regulations, which is 10 µg/kg. The
obtained data contribute to information on OTA levels in Iranian dried grapes.
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Introduction

Raisins are one of the nutritious and popular dried fruits in
the world. Grapes are a nutritious snack, containing fibre
but not fat, saturated fat or cholesterol, also containing
antioxidants, many necessary minerals and vitamins,
including iron, calcium, potassium and certain B vitamins.
They are also a concentrated source of carbohydrate, rich
in polyphenols, mainly flavonols, quercetin and kaemp-
ferol and the phenolic acids, caftaric and coutaric acid
(Kim et al. 2008; Ghrairia et al. 2013; Kanellos et al.
2014). Raisins are dried grapes, the fruits of Vitis vinifera
L. (Vitaceae) and produced in most geographic regions of
the world. The producing countries are the United States,
Iran, Turkey, China, Chile, South Africa, Greece, Australia
and Uzbekistan (Rivero-Cruz et al. 2008; Williamsona &
Carughi 2010; Ghrairia et al. 2013).

Mycotoxins are secondary toxic metabolites of fungi
produced in various agricultural products under certain
climatic conditions of temperature and humidity (70–
90%) and in presence of large amounts of nutrients.
Mycotoxins are natural contaminants of main raw food
commodities including cereals, oil seed, coffee, nuts,
spices, figs, raisins and dried fruits. They are a serious
hazard throughout the world that can affect international
trade (Tavakoli et al. 2012; Mozaffari Nejad et al. 2013,
2014; Kamkar et al. 2014a). Ochratoxins are a group of
chemically similar isocoumarin derivatives and polyketide
mycotoxins produced by species of Aspergillus (A. ochra-
ceus and A. carbonarius) and Penicillium (P. verrucisum
and P. viridicatum) genera (Iha et al. 2009; Palumbo et al.
2011; Kuang et al. 2012). Ochratoxin A (OTA) is of

public health concern because it is nephrotoxic, carcino-
genic, immune-suppressive, teratogenic, hepatotoxic and
cytotoxic (Palumbo et al. 2011). Since OTA could cause
cancer in humans, it was classified under group 2B by the
International Agency for Research on Cancer (IARC
1993).

At least 100 countries and international organisations
have regulations to control OTA in commodities and food.
These regulations are different from one country to
another and are dependent on economic and health con-
siderations (Mozaffari Nejad et al. 2013; Rahimi &
Shakerian 2013; Kamkar et al. 2014b). For raisins and
other dried vine fruits, soluble coffee, juice and some
dried fruits, the European Union (EU) established max-
imum levels for OTA at 10 µg/kg (European Commission
2006). The Institute of Standards and Industrial Research
of Iran (ISIRI) has set a limit of 5 µg/kg for OTA in raisin
(ISIRI 1992).

Currently, OTA analysis is done by various methods
including thin-layer chromatography (TLC), high-perfor-
mance liquid chromatography (HPLC) and enzyme-linked
immune-sorbent assay (ELISA) (Kamkar et al. 2014a).
Liquid chromatography linked to fluorescence detection
(HPLC/FD) was widely used for OTA confirmatory ana-
lysis (Feizy et al. 2011). ELISA is a simple method with
some advantages as rapid, routine diagnostic, selectivity
and reliability for the analysis of a large number of sam-
ples (Mozaffari Nejad et al. 2013, 2014; Kamkar et al.
2014a). The aim of this study was to investigate OTA in
different samples of dried grapes including currant, sultana
and raisin in Hamadan, a western city of Iran.
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Materials and methods

Sampling

A total of 66 dried grapes samples including 40 currants,
16 sultanas and 10 raisins were collected randomly from
October 2012 to March 2013 from 22 dried grapes fac-
tories in Hamadan province, Iran. Randomly, 20 bags
containing 5 kg raisins were selected and incremental
portions (100 g) were taken from each bag and combined
to form an aggregate sample (2 kg) for each lot. The
aggregate sample was divided into four laboratory samples
(500 g). All the samples were kept in their original
packages and stored at 4°C in a dark and dry place until
analysis.

Chemicals and regents

Crystalline OTA obtained from Sigma (St. Louis, MO,
USA) was dissolved in methanol to prepare stock standard
solutions with a concentration of 1000 µg/mL and kept at
−20°C in a dark glass. Working standard solutions were
prepared in methanol at concentrations of 0.01, 0.1, 1, 5,
10 and 15 µg/L and stored in glass tubes at −20°C.
Acetonitrile, methanol and glacial acetic acid (HPLC-
grade), phosphate buffer saline (PBS) and other materials
were purchased from Merck (Darmstadt, Germany). C18
solid phase extraction columns (3 mL, 500 mg) were
purchased from Libios (Bully, France).

Extraction and clean-up

The extraction of OTA from dried grapes samples was
carried out according to the method of the Institute of
Standards and Industrial Research of Iran (ISIRI 2007)
and as described by Feizy et al. (2011). Briefly, 500 g
of each sample either non-spiked or spiked with a
known volume of an OTA stock solution were mixed
with 750 mL of distilled water and milled by a blender
(Waring 8011S, Torrington, CT, USA) at high speed
for 5 min to obtain a slurry. After adding 300 mg
sodium bicarbonate and 60 mL acetonitrile to 50 g
slurry and mixing for 5 min, the mixture was filtered
through filter paper Whatman No. 4 (Whatman
Scientific Ltd, Maidstone, England) and a 10 mL ali-
quot was mixed with 40 mL PBS solution. Finally,
40 mL of the diluted solution was purified with an
immuno-affinity column, which was conditioned before
use at room temperature and passing 20 mL PBS at a
speed of 1 mL/min under gravity. The columns were
then washed with 10 mL of distilled water at a flow
rate of 1 mL/min and finally dried in an air stream for
2 min. OTA was eluted twice from the immuno-affinity
column with methanol:acetic acid (98:2, v/v) with a
vacuum manifold. Finally, 20 µL eluate was injected
into the HPLC.

HPLC analysis

AWaters HPLC system (Milford, MA, USA) consisting of
a binary pump, auto-sampler, fluorescence detector and a
HibarRT ® RP C18 analytical column (250 mm × 4.6 mm,
i.d., 5 µm) was used for OTA analysis. The mobile phase
was water:acetonitrile:methanol:acetic acid (30:39:30:1,
v/v/v/v) at a flow rate of 1 mL/min. Detection of OTA
was carried out using 333 and 477 nm as wavelengths of
excitation and emission, respectively.

Statistical analysis

Analytical results were calculated using the Statistical
Package for the Social Sciences (SPSS Inc., Chicago,
IL, USA) version 16.0 for windows. One-side t-test was
used to compare the mean concentration of OTA sam-
ples with the maximum allowable amount of the ISIRI
(5 µg/kg) and Codex Alimentarius and EU (10 µg/kg)
legislation.

Results and discussion

Method performance

Limits of detection (LOD) and of quantification (LOQ)
were calculated by utilising the standard deviation (σ)
and the slope (S) of the calibration curve. LOD = 3.3σ/S
and LOQ = 10σ/S and were 0.16 and 0.52 μg/kg,
respectively. Calibration curves were constructed for
OTA by least squares linear regression analysis of ana-
lyte peak area versus analyte concentration data. The
regression equation was y = 13204x – 4022.5 and the
correlation coefficient (r2) was 0.994. To ensure the
accuracy of the analytical method, recovery studies
were carried out by adding a known quantity of OTA
(0.5, 5, 10 and 15 µg/kg) to pre-analysed samples and
re-analyse the OTA contents by the proposed method.
The obtained recovery range was 84.3–87.7% (Table 1).
The intra-day and inter-day precision of the method was
evaluated by analysing the standard OTA solution, six
times for 3 days at a concentration of 2.5 µg/L
(Table 2).

Table 1. Recovery data for four spike levels OTA (µg/kg) in
dried grapes.

n 0.5 5 10 15

1 87.2 83.9 85.3 88.8
2 85.4 84.1 84.5 87.4
3 86.3 85.6 83.1 86.9
Mean 86.3 84.53 84.3 87.7
SD 0.9 0.93 1.11 0.98
RSD (%) 1.04 1.09 1.32 1.12
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Ochratoxin A occurrence

Results of the natural occurrence of OTA in dried grapes
including currant, sultana and raisin samples are sum-
marised in Table 3. Thirty-nine samples of 66 (59%)
dried grapes contained OTA in the range of > 0.16–
8.4 µg/kg, with an overall mean value of
2.98 ± 1.84 µg/kg, which is below the maximum tolerance
accepted by the national standard levels of Iran (5 µg/kg,
Institute of Standards and Industrial Research of Iran
1992) but 5 (7.6%), 3 currant and 2 sultana samples had
higher concentrations than 5 µg/kg. However, none of the
samples had higher OTA contamination than the maxi-
mum permissible limit of 10 µg/kg as set by the European
Commission (2006).

A number of OTA contamination surveys in grapes
are reported in the literature. As shown in Table 4,
several studies reported the OTA contamination in dif-
ferent kinds of dried fruits (Stefanaki et al. 2003;
Meyvaci et al. 2005; Aksoy et al. 2007; Karbancıoğlu-
Güler & Heperkan 2008; Kuang et al. 2012; Akdeniz
et al. 2013; Rahimi & Shakerian 2013; Kollia et al.
2014; Zhang et al. 2014). A previous Iranian survey
by Rahimi and Shakerian (2013) reported 17 (44.7%)
samples of 38 raisins samples to be contaminated with
OTA in the range of 2.9–18.2 µg/kg, which is similar
with our results. In Greece, Kollia et al. (2014) found 18
samples of dried vine fruits including currants, raisins
and sultanas to be contaminated above the EU regula-
tory limit (10 µg/kg) for OTA. A study by Bircan (2009)
in Turkey revealed 28 (53%) of 53 sultana samples to
contain detectable levels of OTA with a range of 0.51–
58.04 µg/kg, just 2 (4%) exceeding 10 µg/kg. In
Argentina, Magnoli et al. (2004) analysed 50 samples
and reported even higher levels of OTA contamination
(74%) in a range of 1.4–14 µg/kg, while Romeroa et al.
(2005) found only 3 of 293 OTA contaminated dried
vine fruit samples. Chiotta et al. (2009) found OTA in
22 of 50 (41%) grape samples ranging between 0.26 and
20.28 µg/kg. Furthermore, they observed the effect of
temperature of regions on OTA level. MacDonald et al.
(1999) reported a survey of 60 dried vine fruits imported
to the UK where 88% of them were contaminated with
OTA. In another Turkish study, 82 pekmez samples were

Table 2. Intra-day and inter-day precision.

OTA spike (µg/kg)

Concentration found

Day 1 Day 2 Day 3

2.5 2.45 2.35 2.42
2.5 2.48 2.38 2.44
2.5 2.49 2.35 2.43
2.5 2.4 2.39 2.4
2.5 2.39 2.4 2.39
2.5 2.42 2.33 2.46
Mean 2.43 2.37 2.42
SD 0.04 0.03 0.03
RSD (%) 1.71 1.15 1.06

Table 3. Average values and ranges of OTA (µg/kg) in the analysed samples.

Commodity n <0.16 0.16–5 5–10 Range Mean ± SD

Currant 40 17 (42.5) 20 (50) 3 (7.5) <0.16–7.10 2.73 ± 1.81
Sultana 16 6 (37.5) 8 (50) 2 (12.5) <0.16–8.40 3.23 ± 1.59
Raisin 10 4 (40) 6 (60) 0 <0.16–4.10 3.54 ± 2.28
Total 66 27 (40.90) 34 (51.52) 5 (7.58) <0.16–8.40 2.98 ± 1.84

Table 4. OTA incidence and levels in different dried fruits reported in previous studies.

Country Products n
Positive
n (%) Method

Range
(µg/kg)

n > 10
µg/kg (%) Reference

Greece Sultana and currant 81 60 (74.4) HPLC <0.50–13.80 * Stefanaki et al. (2003)
Turkey Sultana 264 179 (67.80) HPLC <0.03–54.00 26 (9.85) Meyvaci et al. (2005)
Turkey Sultana 1885 1712 (90.82) HPLC <0.30–100.0 11 (0.58) Aksoy et al. (2007)
Turkey Fig 115 55 (47.2) HPLC 0.12–15.31 * Karbancıoğlu-Güler and

Heperkan (2008)
California Raisin 40 37 (92.5) HPLC 0.06–11.40 1 (2.50) Palumbo et al. (2011)
Iran Dried fruit 121 25 (20.7) ELISA 1.4–18.2 3 (2.47) Rahimi and Shakerian

(2013)
Turkey Sultana and currant 50 46 (90) HPLC 0.19–2.59 * Akdeniz et al. (2013)
Greece Sultana, currant and

raisin
26 26 (100) HPLC–ELISA 0.8−>100 18 (69.23) Kollia et al. (2014)

Chine Sultana and currant 56 33 (58.9) HPLC <0.07–12.83 1 (1.78) Zhang et al. (2014)

Note: *Not reported.
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analysed revealing 8 of 82 pekmez samples exceeded
the EU level for OTA. They calculated OTA ranging
from <2 to 40 µg/kg (Tosun et al. 2014).

Conclusion

The present study evaluated OTA contamination in dried
grapes such as currant, sultana and raisin obtained from
dried grapes factories in Hamadan province, Iran. It
demonstrated that the mean OTA level in currant, sultana
and raisin samples was below the maximum limit of the
EU. However, some samples were contaminated above the
Iranian National Standards maximum limit, what could be
a potential hazard for consumer’s health. In order to pre-
vent the formation of OTA in dried grapes during and after
harvest, good agricultural practices (GAP), good manufac-
turing practices (GMP) and good hygiene practices (GHP)
are important. By preventing the OTA formation in dried
grapes, both public health is protected and economic
losses can be avoided. Monitoring dried grapes for pre-
sence of mycotoxins in a regular manner is advisable.
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