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Background. Spices are one of the flavoring components of food in the cooking recipes of different nations that are used daily.
However, these ingredients may be contaminated by toxicogenic fungi and subsequent production of mycotoxins that cannot be
neutralized through cooking. In the present study, the possible contamination of spices by aflatoxins (AFs) and ochratoxin A
(OTA) was investigated from Shiraz, the south part of Iran.Materials and Methods. A total of 80 spice samples including turmeric
(n� 20), red pepper (n� 20), black pepper (n� 20), and cinnamon (n� 20) were purchased from markets and cultured on
appropriate medium. 'e isolated fungi were identified. Simultaneously, mycotoxins from spices were extracted with immu-
noaffinity columns (IAC) and the occurrence of AFs (B1 +B2 +G1+G2) and OTA was then determined using high-performance
liquid chromatography (HPLC) with a fluorescence detector (FD). Result. 'e results depicted that 40 spice samples were
contaminated with AFs and 48 samples with OTA. 'e highest rate of AFs contamination was related to red pepper, in 80% of
which the amount of contamination was excessive than the standard level (>10 μg/kg). All black pepper samples were determined
to be contaminated with OTA at over legislation limits of >15 μg/kg. Aspergillus species were the predominant isolated fungi,
followed by Penicillium, and Mucor species. Discussion. Regarding the high mycotoxins contamination in spices in the current
study, regular effective surveillance and quality control procedures are highly recommended. To achieve this goal, it is necessary to
empower food-related laboratories with precise methods of isolation and detection of mycotoxins.

1. Introduction

Spice is a part of the plant, such as the leave, bark, seed, fruit,
or root, which is used for coloring, flavoring, and even for
preserving food [1]. Each spice has its unique chemical
constituents which improve the flavor of the meal and create
a specific sensation. In the Mediterranean and Middle East
regions, spices are used daily for casual cooking to enhance
the natural flavor of food. Among the different spices, black
pepper, chili powder, cinnamon, and turmeric are widely
used in all around the world and considered an inseparable
part of Persian food recipes. Black pepper, known as the king

of spices, is grown in tropical regions and is the most
economical and consumed item in food. Black pepper fruit,
also known as black pepper seed, is a premature bean grass
that dries in the dark, after being exposed to sunlight [2].
'is spice is indigenous to India; it is valued for the spec-
tacular nature of its burning, which is attributed to the
alkaloid piperine [3]. Black pepper is used not only in the
preparation of food, meat products, soups, vegetables, and
marinades as a spice but also for other purposes, such as in
the pharmaceutical industry and perfumery and as a pre-
servative [4]. Chili, also called red pepper, belongs to the
genus Capsicum of the Solanaceae family [5]. Chili red
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pepper has the highest consumption rate worldwide right
after black pepper. Capsaicin is an alkyl-amide that is the
main constituent of red pepper [6]. Cinnamon is a tree
belonging to the genus Cinnamomum [5]. Cinnamon has
been used in different cultures for centuries as the flavors of
flavors. 'e countries of Indonesia, China, Sri Lanka, and
Vietnam are amongst the largest producers and suppliers of
this spice. In addition to cooking, this spice has other
properties such as being a disinfectant, as a solution for
diarrhea, a stimulant, for reducing fevers, and as an anti-
fungal [7]. Turmeric is derived from the root of Curcuma
longa L., a yellow spice that is commonly used in the Indian
subcontinent and cultivated in Southern and Southeast Asia.
It is the main constituent of a well-known spice, named
curry. 'is spice is used for flavoring, coloring, and adding
flavor to food, as well as for its preservative and antioxidant
properties [8, 9]. It was also used as a traditional medicine to
treat various disorders, such as gas, colic, toothache, chest
pain, menstrual problems, stomach and liver problems, and
wounds healing [9]. Generally, Asia contributing to total
global spice production is 95.1% followed by Africa (2.9%),
America (1.5%), and Europe (0.5%). Iran is one of the main
importers and consumer of spices, worldwide. Most of the
spices in the Persian market are imported from abroad and
might be contaminated with fungi. Mycotoxins are by-
products of some of these fungi which are known to pose as
potential health hazards for humans. 'e worldwide con-
tamination of foods and feeds with these toxins is a sig-
nificant problem and may be occurred during pre- or
postharvest, storage, processing, and packing stages [10].
'ese toxins may cause minor to major effects, including
skin necrosis, leukopenia, immunodeficiency, and even liver
cancer [11]. Due to the nonprotein structure of these toxins,
they are often resistant to heat and might compromise the
health of those consuming such contaminated foods, despite
the cooking process.

Currently, more than 300 mycotoxins are known, sci-
entific attention is focused mainly on those that have proven
to be carcinogenic and/or toxic. Among the various my-
cotoxins, aflatoxins (AFTs) and ochratoxin A (OTA) have
attracted a great concern due to their adverse effects and
agroeconomic significance. 'ese mycotoxins account for
millions of dollars annually in losses worldwide in human
and animal health and damage agricultural products [12].
Aflatoxins are mycotoxins produced by some members of
the Aspergillus section Flavi including A. flavus,
A. parasiticus, and A. nomius. 'e major AFs are B1, B2, G1,
and G2, which can be differentiated under fluorescent and
violet lights (green or blue) and the relative chromatographic
movements, through thin layer chromatography (TLC) [13].
In this family, AFB1 is a well-known toxin, with mutagenic
and carcinogenic properties for both humans and animals
[14]. Aflatoxin contamination in spices is a serious world-
wide concern affecting international trade. Regarding the
Rapid Alert System for Food and Feed (RASFF) in 2016,
mycotoxins were recorded as the first main hazard in border
rejection notifications in the European Union [5]. 'e ac-
ceptable concentration of these toxins varies 10 μg/kg for
total AFTs, and 15 μg/kg for OTA in Iceland, to 20 μg/kg for

total AFTs and 30 μg/kg for OTA in Brazil [15]. In Iran, the
acceptable level of AFTs for spices has been set at five for
AFB1 and 10 for total AFs (B1 +B2 +G1+G2) [15].
Ochratoxin A is another mycotoxin with poisonous effects
on the kidney [16] and is primarily produced by Aspergillus
ochraceus and Penicillium verrucosum [17].

Since most spices are mainly produced and imported
from few Asian countries with hot and humid climates, the
possibility of contamination with toxicogenic fungi during
the process of transportation and storage is relatively high.
Due to the importance of the level of aflatoxins and
ochratoxin A in food quality and public health [18, 19], the
amount of these two toxins in spices (black pepper, red
pepper, cinnamon, and turmeric) were detected by HPLC.

2. Materials and Methods

2.1. Materials. A total of 80 spice samples in commercially
available sizes (40–100 g) were randomly purchased from
supermarkets from October to November 2019. 'e col-
lected spices included red peppers (20 samples), black
pepper (20 samples), turmeric (20 samples), and cinnamon
(20 samples).

2.1.1. Screening of Fungi. Five grams of each spice sample
was added to 50ml of sterile distilled water, containing
0.05% tween 80. After shacking with the vortex for 15
seconds, 100 µl of this suspension was inoculated onto the
Dichloran Rose-Bengal Chloramphenicol agar (Sigma
Chemicals) and the Aspergillus flavus-parasiticus agar me-
diums (Sigma Chemicals, USA), using the spread plate
method [18]. 'e plates were then incubated at 25–28°C for
5–7 days. 'e isolated colonies were then subcultured and
identified by their morphological characteristics, followed by
the taxonomic schemes of Maren [19] for the genera As-
pergillus, [20] Penicillium, [21]Mocur, and other genera [22]
(Figure 1).

2.2. Methods

2.2.1. Aflatoxins Determination. A stock solution of AFB1,
AFG1 (1000 μg/kg) and AFB2, AFG2 (200 μg/kg) was dis-
solved in benzene-acetonitrile (98 : 2, v/v), purchased from
Supelco (Bellefonte, PA, USA). 'e working standard so-
lution (500 μg/kg) for each mycotoxin was prepared, kept in
an amber vial, and stored at −20°C until used. 'e AFs’
standard calibration curves for HPLC determination were
prepared by dissolving an appropriate amount of working
standard solution in the same solvent to obtain the final
concentration. 'e glass microfiber filter BOECO (15 cm,
934-AH), fluted filter paper (24 cm), methanol, acetonitrile
(HPLC grade), and sodium chloride were purchased from
Merck (Darmstadt, Germany). Immunoaffinity columns for
AFs were purchased from Libios (Pontcharra-sur-Turdine,
France); the decontamination of the glassware was per-
formed using a sodium hypochlorite solution and washing it
to a neutral pH with distilled water.
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2.2.2. Ochratoxin A Determination. HPLC grade acetoni-
trile, acetic acid glacial, and sodium chloride were purchased
from Merck (Darmstadt, Germany), and the OTA (1000 μg/
kg) was obtained from Supelco (Bellefonte, USA). A stan-
dard working solution of OTA (100 μg/kg) was prepared by
evaporating a known volume of the stock solution under a
nitrogen stream, followed by dissolving it in methanol-water
(50 : 50, v/v). 'e IAC for the OTA, the glass microfiber filter
BOECO (15 cm, 934-AH), and the fluted filter paper (24 cm)
were obtained from Germany. Phosphate-buffered saline
(PBS) was prepared by adding the following chemicals to
one liter of water: anhydrous dibasic sodium phosphate
(2.04 g), sodium chloride (87.9 g), and sodium dihydrogen
phosphate monohydrate (12.62 g). 100ml of this solution
was diluted, and the pH was adjusted to 7.4 with sodium
hydroxide.

2.2.3. Standards and Reagents. All chemicals except meth-
anol and acetonitrile were laboratory-grade mixtures, ac-
quired from Merck, Germany. Standards including AFB1,
AFB2, AFG1, AFG2, and OTAwere purchased from Supelco
(Bellefonte, USA).

2.2.4. Apparatus. 'e detection of AFs was carried out
using an HPLC apparatus (Agilent 1100 series, USA). 'e
system was controlled by the ChemStation software. Liquid
chromatography separation was performed on a reversed-
phase C18 (25 cm × 0.46mm× 5 µm), Zorbax eclipsed XDB
column, from Agilent (California, USA). 'e fluorescence
detector was set to an excitation wavelength of 365 nm and
an emission wavelength of 435 nm. 'e mobile phase
consisted of a mixture of acetonitrile-methanol-water (2 : 3:
5, v/v) and was filtered using a Millipore filtration appa-
ratus, maintaining a flow rate of 1ml/min−1. An

electrochemical cell (model Libios-K01) was used as
postcolumn derivatization. AFs were identified by their
constant retention times. Calibration curves of peak areas
versus aflatoxin concentrations were then plotted and used
for the determination of AFs in samples. A waring blender
(Middleton, MA, USA) and a water purifier (Elga, Marlow,
UK) were applied for the OTA. A multiwavelength fluo-
rescence detector (Agilent 1100 series, USA) operating at
an excitation wavelength of 333 nm and an emission
wavelength of 477 nm was applied. 'e system was con-
trolled by the ChemStation software (Agilent 1100 series,
USA). 'e mobile phase consisted of a combination of
acetonitrile-water-acetic acid (49.5 : 49.5 : 1.0, v/v/v), and
the flow rate was 1.5ml/.min. 'e OTA was separated on a
reversed-phase C18 (25 cm × 0.46mm× 5 µm), Zorbax
eclipsed XDB column, from Agilent (California, USA). 'e
aqueous phase was filtered through a 0.45 µm PTFE
membrane filter (Whatman, Maidstone Kent, UK).

2.2.5. Extraction of AFs and OTA from the Spice. 'e
samples including turmeric (n� 20), red pepper (n� 20),
black pepper (n� 20), and cinnamon (n� 20) were analyzed
for AFs (AFB1, AFB2, AFG1, and AFG2) and OTA with
HPLC-fluorescence detector (FD), as described by the In-
stitute of Standards and Industrial Research of Iran (ISIRI
no. 6872, 2011), with some rectifications (Figure 1).

Extraction of AFs. A 50 g of each sample with 5 g of sodium
chloride was placed in a 500ml conical bottle. 200ml of
methanol-water (80 : 20, v/v) was added to it and the mixture
was homogenized using a shaker (Middleton, MA, USA) for
3min. 'e mixture was passed through a Whatman fluted
filter paper, then 20ml of the filtrate was transferred to a
glass beaker to which 130ml water was added. 'e solution
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Figure 1: Graphical scheme of analytical methods for the determination of aflatoxin and ochratoxin in spices.
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was centrifuged at 4,000 rpm for 10min and then filtered
through a BOECO glass microfiber filter.

Extraction of OTA. 25 g of sample and 1 g sodium chloride
were placed in 250ml conical flasks. A volume of 100ml of
acetonitrile-water (84 :16,v/v) was added and the mixture
was homogenized using a Warring blender (Model
MX1050XTX) for 3min. 'e mixture was passed through a
Whatman fluted filter paper, and then 10ml of the filtrate
was transferred to a glass beaker to which 40ml of a PBS
solution was added. 'e solution was centrifuged at
3500 rpm for 15min, as prescribed by the Institute of
Standards and Industrial Research of Iran (ISIRI no. 9238,
2011).

2.2.6. Purification of AFs and OTA from Spices (IAC).
70ml of the filtrate was passed through the IAC Afla test
(Libios) at a flow rate of 1.0ml/min. 'en, 10ml of stilled,
deionized water was passed through the IAC at a flow rate of
1ml/min. 'e AFs were subsequently eluted from the col-
umn, with 1.5ml of methanol, and collected in a glass vial;
1.5ml of sterilized, deionized water was also added to the
vial. 100 μl of eluting was injected into the HPLC.

50ml of the filtrate was passed through the IAC Afla test
(Libios) at a flow rate of 1.0ml/min. 'e OTA was then
subsequently eluted from the column, with 1.5ml of
methanol-acetic acid (98% methanol, 2% acetic acid) and
collected in a glass vial, where 1.5ml of sterile, deionized
water was also added. 100 μl of the elute was injected into the
HPLC [23].

2.2.7. Method Validation and Quality Assurance. For AFs
linearity, a seven-point calibration curve was constructed
with concentrations of 0.1, 0.5, 1, 2, 5, 10, and 20 μg/kg for
AFB1, AFB2, AFG1,and AFG2. 'e calibration curves were
obtained using the linear least squares regression procedure
of the peak area versus the concentration. 'e limits of
detection (LOD) and the limits of quantification (LOQ) were
determined using the signal-to-noise approach, defined at
that level, resulting in a signal-to-noise ratio of approxi-
mately 3 :1 and 10 :1, respectively. Regarding the accuracy of
the method applied and because there was no certified
reference material (CRM) available, 25 g AFTs-free sample
of each spice was spiked with AFB1, AFB2, AFG1, and AFG2
at levels of 3, 5, and 10 μg/kg. 'e spiked samples were
analyzed by the HPLC, as described above, and then the
recovery and standard deviation (SD) were calculated. All
tests were carried out in three replicates.

For the OTA, a five-point calibration curve was con-
structed with concentrations of 0.5, 2, 5, 10, and 30 μg/kg. A
calibration curve was obtained using the linear least squares
regression procedure of the peak area versus the concen-
tration. 'e limits of detection (LOD) and of quantification
(LOQ) were determined using the signal-to-noise approach,
defined as per the concentration, resulting in a signal-to-
noise ratio of approximately 3 :1 and 10 :1 for LOD and
LOQ, respectively. Due to the accuracy of the method ap-
plied and since there was no certified reference material

(CRM) available, 25 g of different OTA-free turmeric, red
pepper, black pepper, and cinnamon samples were spiked
with OTA at the levels of 1, 5, and 20 μg/kg. All the tests were
carried out in three replicates, and then the recovery and
standard deviation (SD) were calculated. During the day,
repeatability was expressed as the relative standard deviation
and compared to the reference value, as stated by the Eu-
ropean Commission no. 401. Repeatability was estimated by
spiking six subsamples (25 g) of clean samples, at 2 μg/kg
level of OTA, and the OTA was then determined after a
week-long interval.

2.2.8. Quality Control. Furthermore, by using confirmed
methods, internal and external quality control trials were
conducted. Regarding the internal quality control, the
precision and exactness of the methods were confirmed. For
this purpose, AFB1, AFB2, AFG1, AFG2, and OTA retrievals
were recorded by analyzing a blank sample, spiked at 5 μg/kg
for AFB1 and AFG1, 1 μg/kg for AFB2 and AFG2, and 5 μg/
kg for OTA. 'e recovery rate for AFB1 was 85%–90% and
the usual coefficient of variation was 1.4%. Moreover, the
recovery rate for OTAwas 93 μg/kg.'e AFs and OTA levels
were corrected, according to the recovery value. 'e LOD
and LOQ for AFB1 were 0.33 μg/kg and 1 μg/kg, respectively.
'e measurement of determination (R2) was used to cal-
culate method linearity. A sequence of working standard
solutions (total AFs� 0.05, 0.10, 0.50, 1.0, 2.5, 5.0, 10, 20, 40,
60, and 80 μg/kg) was prepared. Calibration curves were
created by distinct conspiracy area against concentration. R2
values were considered using the regression equations.

As shown in Table 1, the validation of the HPLC method
was carried out in terms of linearity, the limit of detection
(LOD), the limit of quantification (LOQ), accuracy and
precision (RME and RSD), and recovery studies.

2.2.9. Toxin Analysis. 'e detection of AFs and OTA was
carried out using an HPLC apparatus (Agilent 1100 series,
USA). Liquid chromatography separation was performed on
a reversed-phase C18 (25 cm× 0.46mm× 5 µm), Zorbax
eclipsed XDB column, from Agilent (California, USA). 'e
fluorescence detector was set to an excitation wavelength of
365 nm and an emission wavelength of 435 nm. 'e mobile
phase consisted of a combination of acetonitrile-methanol-
water (2 : 3 : 5, v/v). It was filtered using a Millipore filtration
apparatus, maintained at a flow rate of 1ml.min−1. An
electrochemical cell (model Libios-K01, France) was used as
postcolumn derivatization. AFs and OTA were identified by
their constant retention times. Calibration curves of peak
areas versus AFs and OTA concentrations were then plotted
and used for their determination in samples. A waring
blender and a water purifier were utilized [24] (Figure 1).

2.2.10. Statistical Analysis. 'e descriptive statistics (mean,
standard deviation, range) and the one-way analysis of
variance (ANOVA) were conducted using an SPSS software.
Statistical differences of AFs and OTA in four types of spices
(turmeric, black pepper, red pepper, and cinnamon) were

4 Journal of Food Quality



determined using the one-way ANOVA. A probability value
of 0.05 was used to determine the statistical significance.

3. Results

All the AFs (B1, B2, G1, and G2) were well separated from
each other in the standard and sample chromatogram.
AFG2 was elected first, followed by AFG1, AFB2, and
AFB1, respectively. According to Table 1, the linearity in
the working standard solutions at three determinations of
five concentration levels, was reliable between 0.9953 and
0.9995 (Table 1). 'e linearity of the working standard
solutions at two determinations of five concentration
levels was reliable (0.9997), as exhibited by the coefficient
of determination, i.e., R squared (R2).

'e quantity of AFs in the spices (turmeric, red pepper,
black pepper, and cinnamon) is summarized in Table 2. Among
the 80 tested samples, 40 (50%) were contaminated with AFs
(range: 1.17–77.3μg/kg). Out of 40 contaminated samples, 20
were red pepper, 14 were turmeric, 4 were black pepper, and 2
were cinnamon spices. 'e mean concentration of AFs in the
turmeric, red pepper, black pepper, and cinnamon spice
samples was 2.84µg/kg, 28.21µg/kg, 1.53µg/kg, and 2.04µg/kg,
respectively. Of the 80 samples, 16 samples (20%) were above

the acceptable limit AFs (>10μg/kg), which were all red pepper
spice. 'e results of the one-way ANOVA showed that the
occurrence of AFs contamination in red pepper samples was
significantly more than other spice samples (p value: 0.04).
However, there was no significant difference between black
pepper, cinnamon, and turmeric samples.

Of the 80 spice samples analyzed, 48 (60%) samples were
contaminated with OTA, of which 20 black pepper (100%) and
2 cinnamon (10%) samples contained this toxin above the
standard limits of detection, as proposed by the European
Union (>15μg/kg). As illustrated in Table 3, the mean con-
centration of OTAwas higher in the black pepper samples.'e
results of the one-way ANOVA showed that OTA contami-
nation in black pepper samples was significantly higher than
other spice samples tested (p value: 0.02). However, there was
no significant difference between red pepper, cinnamon, and
turmeric samples.

'e contamination of various spices with fungi is illustrated
in Table 4. Out of the 20 turmeric samples, 16 samples had
fungal contamination (positive culture), of which four As-
pergillus section Flavi were isolated. In the red pepper spice, 17
samples had a positive culture, and in only one sample, the
Aspergillus section Flavi was isolated. In the black pepper
samples, 19 had fungal contamination, of which theAspergillus

Table 1: Validation parameters for the HPLC determination of AFB1, AFB2, AFG1, AFG2, and OTA.

Validation parameters AFB1 AFB2 AFG1 AFG2 Total AFs OTA
LOD (μg/kg) 0.1 0.2 0.3 0.2 0.6 0.47
LOQ (μg/kg) 0.4 0.7 0.9 0.6 1.8 1.23
Correlation coefficient (R2) 0.9989 0.9991 0.9953 0.9995 0.09978 0.9968
Recovery (%) 82.5–84.3 74.1–83.1 77.7–88.8 75.0–75.9 74.1–83.1 83.7–99.6
RSD (%, n� 20) 1.31 3.77 2.35 2.81 1.77 1.64
RME (%, n� 20) −3.4 −1.0 1.8 −2.1 1.6 2.6
Note: RSD, relative standard deviation; RME, reversed micellar extraction; LOD, limit of detection; LOQ, limit of quantification.'e bold values represent
OTA.

Table 2: Concentration distribution of AFs.

Distribution of AF level (μg/kg) no.
Samples No. of positive/total samples Positive∗(%) <1 1 to 10 >10 to 20 >20 Mean± SD (μg/kg) Range (μg/kg)
Turmeric 0/20 0 0 (0%) 14 (70%) 0 (0%) 0 (0%) 2.84± 1.08 1–5.3
Red pepper 16/20 80 0 (0%) 4 (20%) 8 (40%) 8 (40%) 28.21± 20.8 3.29–77.3
Black pepper 0/20 0 0 (0%) 4 (20%) 0 (0%) 0 (0%) 1.53± 0.62 1.17–2.47
Cinnamon 0/20 0 0 (0%) 2 (10%) 0 (0%) 0 (0%) 2.04± 0.04 2.01–2.07
Note: ∗samples are considered to be positive at AF concentrations exceeding 10 μg/kg (p< 0.05).

Table 3: Concentration distribution of OTA.

Distribution of OTA level (μg/kg) no.
Samples No. of positive/total samples Positive∗(%) <1 1 to 15 >15 Mean± SD (μg/kg) Range (μg/kg)
Turmeric 0/20 0 0 (0%) 2 (10%) 0 (0%) 1.07± 1.0 0.55–3.7
Red pepper 0/20 0 7 (35%) 4 (20%) 0 (0%) 1.52± 1.78 0.47–5.58
Black pepper 20/20 100 0 (0%) 0 (0%) 20 (100 %) 49.29± 48.4 15.91–197.64
Cinnamon 2/20 10 3 (15%) 10 (50%) 2 (10%) 18.5± 40.82 0.7–139.44
Note: ∗samples are considered to be positive at OTA concentrations exceeding 15 μg/kg (p< 0.05).
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section Flavi was isolated from eight samples. Furthermore, 16
cinnamon spices were contaminated with fungi, four of which
contained colonies identified as Aspergillus section Flavi.

'e frequency of spice samples contaminated with fungi
and mycotoxins is shown in Table 5. Among the positive
culture samples, only in one sample, the AFs levels were
more than the permitted limit (>10 μg/kg). Moreover, in 15
samples with a negative culture, the level of AFs was higher
than the permitted limit. Of the samples with positive fungal
culture, 11 samples were contaminated with more than the
allowed OTA level (>15 μg/kg). Moreover, 11 samples were
contaminated with an overprescribed level of OTA, which
yielded negative culture results.

4. Discussion

Mycotoxins are unavoidable contaminants of foodstuff that
pose a health threat to animals and humans. 'ese toxic
chemicals are a challenge for food safety and also develop
massive country economy damages to the agriculture orga-
nization [25]. 'e concentration of mycotoxins can be mea-
sured by various methods such as enzyme-linked
immunosorbent assay (ELISA) and HPLC. In this study, the
HPLC and IAC method was used to measure mycotoxins,
which has high sensitivity and specificity in comparison with
the ELISAmethod [26, 27]. Previous studies have reported that
spices can be contaminated with fungi, resulting in mycotoxin
production [28–31]. In this study, all the red pepper samples
were contaminated with AFs, of which 80% of these spice
samples were contaminated with AFs over permitted limit
(>10μg/kg). In Turkey, high levels of AFs contamination (up to
40.9μg/kg) have been reported in red pepper spice [32]. Similar
to the present study, recent researchers in Kenya and Qatar
have reported approximately 80% AFs contamination in red
pepper spices in the range of 2–99.6μg/kg [33, 34]. InMalaysia,
55.5% of red pepper samples were contaminated with AFs
ranging from 0.1 to 4.9μg/kg that was lower than our results
[35]. In another study, Golge et al. reported 82.5% of red pepper

samples were contaminated with AFs and only 23.3% of them
exceeded the legal limit [36]. Moreover, about 10% (n� 2) of
the cinnamon samples of our study were contaminated with
AFs, which was lower than the previous reports [28, 31]. 'e
AFs contamination of the other spices in our study was lower
than the permitted level. In the current study, the concentration
levels of the AFs in the black pepper and turmeric were lower
than those reported by Jeswal and Kumar that found AFs in
black pepper and turmeric in 76.1% and 68.5% of the samples,
respectively [30].

'e lower level of AFs in the black pepper, turmeric, and
cinnamon might be due to the antifungal and anti-
toxicogenic properties of these spices [37]. 'e recent study
reported that some spices have antifungal activity by dis-
rupting the cell wall integrity of fungi which produce my-
cotoxin [38]. Furthermore, they have found that turmeric’s
extract can downregulate the expression of genes involved in
the biosynthesis of AFs in A. flavus [39]. 'e amount of AFs
consumedmay contribute to the severe health effects [40]. In
our study, one-fourth of the spice samples were contami-
nated with above acceptable limit of AFs that may cause
serious threat over long-term consumption. In this study, all
black pepper samples were contaminated with the above
standard limits of OTA, as proposed by the European Union
(>15 μg/kg). 'is finding was much more than those re-
ported by Jalili (17.4%), Jeswal and Kumar (72%), and Salari
et al. (17%) [29, 30, 41].'e high-fat content of black pepper
and the appropriate solubility of this toxin in fat may be one
of the possible causes of high levels of contamination [42].
Contrary to the present study, Garcia et al. did not detect any
OTA among 112 tested samples of spices [43]. In other
studies from Malaysia, Tunisia, and Pakistan, OTA con-
tamination was detected, respectively, in 56%, 70%, and 81%
of chili powder samples, which is higher than our findings
[35, 44, 45]. Moreover, in this study, 10% of cinnamon
samples were contaminated with higher permissible limit of
OTA, which was more than that reported by Jalili [41].'ere
is limited information on the fungal contamination rate in
spice samples. Among the 80 spice samples cultured, 83.7%
of them were contaminated with Aspergillus species, 25%
with Aspergillus section Flavi, 38.7% with Aspergillus section
Nigri, 7.5% with Aspergillus section Fumigati, 53.7% with
Penicillium species, and 36.2% with Mucor species. 'ese
fungal contamination rates were higher than those provided
by Azzoune et al. [18], which isolated Aspergillus, Penicil-
lium, and Mucor in the spice samples at 56.4%, 25.1%, and
2.8%, respectively.

Table 4: 'e frequency of fungal contamination of different spices according to species of fungi and number of culture positive samples.

Spice Number of positive
cultures

Aspergillus
section flavi Isolated species

Turmeric 16/20 4 Aspergillus section flavi, Aspergillus niger, Aspergillus fumigates, Mocur,
Pencilium, Alternaria, Acromonium

Red pepper 17/20 1 Aspergillus section flavi, Aspergillus niger, Aspergillus fumigates, Mocur, Pencilium,
Acromonium

Black
pepper 19/20 8 Aspergillus section flavi, Aspergillus niger, Aspergillus fumigates, Mocur, Pencilium

Cinnamon 16/20 4 Aspergillus section flavi, Aspergillus niger, Mocur, Pencilium

Table 5: 'e frequency of samples contaminated with mycotoxins
based on culture results.

Culture
OTA AFs

≤15 μg/kg >15 μg/kg ≤10 μg/kg >10 μg/kg
Growth 10 (17.2%) 11 (50.0%) 20 (31.3%) 1 (6.3%)
No growth 48 (82.8%) 11 (50.0%) 44 (68.8%) 15 (93.8.0%)
Total 58 (100.0%) 22 (100.0%) 64 (100.0%) 16 (100.0%)
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5. Conclusions

Spices are universally used in cooking and are often exported
from a limited number of countries around the world. In this
study, red and black peppers were contaminated with high
levels of AFTs and OTA, respectively. 'e levels of these
toxins in some samples exceeded the acceptable limits. For
example, all black pepper samples were contaminated much
higher than the permitted level of OTA. Majority of the
mycotoxin-contaminated spice samples yielded negative
culture. Moreover, 50% and 93% of these samples were
contaminated with the exceeded allowable level of OTA and
AFTs, respectively. 'is might be due to the heat stability
nature of these toxins. Considering high contamination of
the examined spices with mycotoxins, regular monitoring of
the imported spices by heal authorities, in particular red and
black peppers, is highly recommended to maintaining the
food quality. Further studies are still needed to address the
source of contamination and determine the mycotoxin level
in the spice, from cultivation and harvesting to transport,
packaging, and storage stages.
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