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ABSTRACT: This study focused on the co-occurrence of aflatoxins (AFs) and ochratoxin A (OTA) in traditionally and industrially
dried red pepper flakes (DRPFs) and isot pepper flakes (IPFs). Following the multitoxin immunoaffinity column (IAC) clean-up,
high-performance liquid chromatography coupled with fluorescence detection (HPLC-FLD) was used to quantify AFs and OTA.
The limit of detection (LOD) and limit of quantification (LOQ) values were 0.11 and 0.18 μg kg−1 (AFB1), 0.04 and 0.08 μg kg−1

(AFB2), 0.13 and 0.18 μg kg−1 (AFG1), 0.04 and 0.11 μg kg−1 (AFG2), and 0.10 and 0.21 μg kg−1 (OTA), respectively. AFB1, AFB2,
AFG1, and OTA were found to be positive in 93, 74, 17, and 94% of all samples, respectively. The contamination levels in positive
samples ranged from 0.23 to 38.69, 0.04 to 2.14, 0.13 to 0.88, and 0.18 to 52.19 μg kg−1 for AFB1, AFB2, AFG1, and OTA,
respectively, while no AFG2 was found above the detection limit (0.04 μg kg−1). None of the industrial isot peppers exceeded the
European Union limits, while the levels of AFB1 (5 μg kg−1), total AFs (10 μg kg−1), and OTA (20 μg kg−1) of the traditional
peppers were above the limit by 30% (16/54), 26% (14/54), and 4% (2/54), respectively. Co-occurrence of AFB1-AFB2-OTA was
the most frequent, accounting for 54% (29/54) of all samples. At the upper bound (UB), estimated average exposure to AFB1, total
AFs, and OTA was determined to be 0.175, 0.189, and 0.124 ng kg−1 bw day−1 in all samples, respectively. The margin of exposure
(MoE) value of AFB1 and total AFs was found to be 977 and 909, indicating high health concerns compared to OTA (MoE
>10,000). AFB1 and total AFs may result in 0.0058 and 0.0062 liver cancer cases/100,000 person/year at UB, respectively, and
weekly OTA exposure was 0.868 ng kg−1 bw, well below the provisional tolerable weekly intake, hence not of health concern. AFs
exposure could endanger health, whereas OTA posed no toxicological concerns through dried red pepper consumption

1. INTRODUCTION
Mycotoxigenic fungi (mostly Aspergillus, Fusarium, and
Penicillium) can produce mycotoxins as secondary metabo-
lites.1 Almost a quarter of crops were contaminated with
mycotoxins annually, exposing nearly 4.5 billion people to
mycotoxins through their daily diets.2 Mycotoxins have
numerous health impacts that can be acute or mostly chronic,
including cancer.3 Moreover, aflatoxins (AFs) were categorized
as Group I by the International Agency for Research on Cancer
(IARC) due to their highly toxic and carcinogenic effects on
living organisms. Depending on the fluorescence color
response under UV light, aflatoxins are divided into, B (blue;
AFB1, AFB2) and G (green; AFG1, AFG2), with AFB1 being

the most carcinogenic. Second, OTA was classified into Group
2B (possibly carcinogenic), a causative agent of the Balkan
endemic nephropathy.4

Red peppers were categorized as paprika (nonpungent,
sweet) and chili (pungent, hot) and represent any form of
Capsicum spp.5 Red pepper (Capsicum annuum L. Solanaceae)
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was consumed freshly and mostly in dried form.6,7 Chili and
pepper cultivation reached 1,990,926 ha worldwide, with a
production value of 38,027,164 tons. Turkey ranked third after
China and Mexico with 2,625,669 tons in 2019.8 Accordingly,
the production of dried chili and pepper was 242,276 tons in
Turkey.9

Dried red pepper flakes (DRPFs) could be produced in two
ways: using traditional techniques as sun-dried or industrially
as oven-dried.10 The majority of red peppers grown in the
southeastern part of Turkey are classified as isot pepper flakes
(IPFs), the traditional deep-red pepper. Isot, known as the
traditional “Şanlıurfa pepper”, has also been geographically
indicated.9 Isot is darker in color, hotter in taste than ordinary
dried red peppers, and turns black after sun-drying. To
maintain its dark color, traditional isot production involves
storing red peppers in plastic bags without direct exposure to
sunlight.6,10

Aspergillus section Flavi and Nigri were found more
frequently than Penicillium and Fusarium species in Capsicum
spp.7,11 Mycotoxins can contaminate red peppers, particularly
during harvesting, drying, processing, storage, and trans-
portation.7,12 Many mycotoxins, including AFs (total
AFs),13,14 OTA,14 zearalenone,15 fumonisins,16 deoxynivale-
nol,17 trichothecenes,17 citrinin,15 sterigmatocystin, and
roquefortine C,18 were detected in red peppers. Furthermore,
red pepper is a suitable substrate for a variety of mycotoxins;
particularly, AFs and OTA are prevalent in red peppers.13,14,17

In this regard, the natural occurrence of AFs and OTA in red
peppers was documented across the world, including
Brazil,14,19 Chile,13 Greece,20 Indonesia,21 Lebanon,16

India,22 Italy,17,23 Nigeria,24 and South Africa.18 Therefore,
research into mycotoxins in red peppers is critical for both
domestic and international trade along with public health.
RASSF (Rapid Alert System for Food and Feed) has been

ensuring food safety across Europe since 1979.25 During the
2020−2021 period, RASSF received 27 notifications on
mycotoxins in chili, paprika, and capsicum peppers. Notably,
67% (18/27) of these were contaminated with AFs at
unacceptable levels, representing 77% (14/18) of the chilies,
placing them in the border rejection category. It is noteworthy
that half of these chilies (9/18) originated from India. On the
other hand, OTA (>20 μg kg−1) was found in 33% (5 chilies, 4
paprikas) of the peppers in the alert section, indicating a
serious health risk. The presence of multiple mycotoxins in red
peppers is still waiting to be addressed, and climate change
may trigger the proliferation of mycotoxigenic fungi and
subsequent multimycotoxin contamination.26 Given Turkey’s
importance as a dried red pepper exporter,8 monitoring red
pepper-related multiple mycotoxin exposure is critical.
Furthermore, co-exposure to different combinations of
mycotoxins could increase the cumulative risk more than
exposure to a single type of mycotoxin alone.27

In this study, the lack of regulations on the co-occurrence of
mycotoxins in Capsicum spp.28,29 led us to examine the co-
occurrence rate of AFs-OTA in red peppers. Besides, IACs
containing monoclonal antibodies were mainly employed in
red peppers to detect mycotoxins individually.7,30 On the other
hand, multimycotoxin IACs were used in several studies to
extract AFs and OTA from red peppers.14,31−33 However, there
are no reports on the use of multimycotoxin IACs to evaluate

Figure 1. HPLC-FLD chromatograms. (a) AFs working standard solution 1.2 μg AFG2 L−1, 4 μg AFG1 L−1, 1.2 μg AFB2 L−1, 4 μg AFB1 L−1, and
OTA (4 μg OTA L−1). (b) Naturally contaminated traditional dried red pepper flakes (DRPFs) with 1.52 μg AFB2 kg−1, 29.92 μg AFB1 kg−1, and
52.19 μg OTA kg−1.
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AFs and OTA in red peppers from Turkey. Instead, AFs and
OTA extraction in red peppers was thoroughly investigated
using monoclonal antibody-containing IACs.30,34,35 The use of
multimycotoxin IAC can speed up the analysis and lower
costs.31 Thus, the objectives of this research were: (i) to extract
AFs and OTA from DRPFs and IPFs using multimycotoxin
IAC with simultaneous detection, (ii) to compare current
levels of AFs-OTA with acceptable limits, and (iii) to estimate
dietary exposure and risk characterization through red pepper
consumption in Turkey.

2. RESULTS AND DISCUSSION
2.1. Method Performance. AFG2, AFG1, AFB2, AFB1,

and OTA were eluted in that sequence, with retention times of
6.96, 8.15, 9.11, 10.6, and 23.2 min, respectively. When the
analytes were processed, no interference peaks appeared during
the retention time, and the chromatograms showed good
resolution. Figure 1a illustrates the chromatogram of standard
solutions for AFs and OTA, while Figure 1b shows their
natural occurrence in traditional DRPFs. All analytes had
correlation coefficients greater than 0.98, indicating good
linearity. The LODs and LOQs of the method are presented in
Table 1, together with recoveries and repeatability values.
Mean recoveries of AFs and OTA ranged from 63.8 to 89.8
and 75.8 to 87.0%, respectively. With good precision, RSD
values for AFs and OTA ranged from 1.0 to 24.4 and 3.1 to
13.9%, respectively. Based on Commission Regulation (EC)
No. 401/2006, the recoveries are adequate (between 50 and
120% for <1 μg kg−1 AFs, OTA with RSD <40% and between
70 and 110% for 1−10 μg kg−1 AFs, OTA with RSD <20%),
except for AFG2 at 3 μg kg−1, which was less than 70%.36

Stroka et al.37 suggested that the recovery of AFG2 could not
be less than 60% for a solution of 5 ng mL−1 toxin. Recently,
when employing AflaOchra coloumn, Iha et al.14 found the
lowest recovery rate for AFG2 in paprika, which was lower than
the present findings (at the upper spike level of 5 ng g−1,
recovery for AFG2 was determined to be 51%). Similarly,
Hernandez Hierro et al.33 documented that at the 5 μg kg−1

spike level, recoveries for aflatoxins B (>97.8%) were higher
than G types (>70.7%) and OTA (75.7%) in paprika samples
extracted with the AflaOchra column. However, Brera et al.23

compared the performance of single- (AflaPrep and

OchraPrep) and multimycotoxin (AflaOchraPrep) IACs in
the recovery of paprika samples, which yielded the same (85,
84, and 70% for AFB1, AFB2, and AFG2) or even higher (from
75 to 78% for AFG1 and from 90 to 96% for OTA,
respectively). In some cases, monoclonal IAC extraction of
AFs resulted in lower recovery for AFG2 (<70%).

19 Aligning
with the current results, Trucksess et al.38 stated that IACs
containing AFs-specific monoclonal antibodies had higher
recovery rates than those containing both AFs-OTA-specific
antibodies. In general, multimycotoxin IAC resulted in lower
recoveries for AFG2.

14,31,33,38 For example, Brera et al.23

extracted paprika samples with (0.1 and 10%) and without
(only PBS) Tween 20 and concluded that PBS solution
achieved the best results. Recently, Iha et al.14 recommended
using PBS containing 0.5 and 1% of Tween 20 in the
mycotoxin extraction from paprika and spices, respectively,
resulting in the reduction of interfering peaks. Similarly, Palma
et al.13 proposed adjusting the concentration of Tween 20−
10% for improved AFs recovery. In the present work, 1% of
Tween 20 in PBS was used as an extraction solvent, which
needs to be optimized for the higher recovery of AFG2.
Fortunately, the method’s performance was unaffected by the
low recovery of AFG2.

4

2.2. Presence of AFs and OTA in Red Pepper
Samples. AFB1, AFB2, AFG1, and OTA were found to be
positive in 93, 74, 17, and 94% of 54 samples tested, with mean
contamination levels of 6.36, 0.30, 0.35, and 4.52 μg kg−1, and
ranges of 0.23−38.69, 0.04−2.14, 0.13−0.88, and 0.18−52.19
μg kg−1, respectively, while AFG2 was not detected above the
LOD of 0.04 μg kg−1. AFs and OTA were found in DRPFs and
IPFs, mostly in higher frequencies but at lower concentrations
(Figures S1a−c). Compared with their industrially processed
counterparts, traditionally processed red peppers had higher
mean levels for AFB1 (9.17 and 4.30 μg kg−1), AFs (9.77 and
4.62 μg kg−1), and OTA (6.95 and 1.69 μg kg−1), respectively
(Table 2). Throughout industrial processing, peppers were
dried at controlled temperature, air velocity, and humidity,
resulting in minimal fungal growth and contamination.10

Moreover, adding salt increases sodium levels by suppressing
fungal growth.39 In traditional processing, microenterprises dry
the pepper as a whole pepper,40 resulting in a closed and high-
humidity environment inside the pepper that favors fungal

Table 1. Performance of the Analytical Method for isot and Dried Red Pepper Flakesa,b,c

recovery values

mycotoxins LOD (μg kg−1) LOQ (μg kg−1) spiking level (μg kg−1) recovery ± SD (%) RSD (%)

AFB1 0.11 0.18 1 80.5 ± 17.3 21.4
2 81.8 ± 1.4 1.7
10 89.8 ± 4.3 4.8

AFB2 0.04 0.08 0.3 80.3 ± 17.8 22.2
0.6 79.1 ± 3.0 3.8
3 83 ± 2.8 3.4

AFG1 0.13 0.18 1 75.7 ± 18.5 24.4
2 73.4 ± 2.8 3.9
10 72.6 ± 1.1 1.5

AFG2 0.04 0.11 0.3 63.8 ± 1.1 1.7
0.6 64.0 ± 0.9 1.4
3 64.7 ± 0.6 1.0

OTA 0.10 0.21 0.5 75.8 ± 2.4 3.1
1 87.0 ± 12.1 13.9
3 85.3 ± 9.6 11.3

aSD = Standard deviation. bRSD = Relative standard deviation = SD / mean × 100. cLOD = Limit of detection, LOQ = Limit of quantification.
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growth and increases mycotoxin levels..41 Another issue is food
adulteration, which occurs when red peppers are sprinkled with
water, resulting in a fungal infestation. Since elevated humidity
facilitates water absorption and promotes the synthesis of
mycotoxins, regular monitoring of humidity and refrigeration
parameters was thought to be critical as a preventive
measure.42 To prevent the occurrence of mycotoxins,
unwounded chilies need to be carefully washed and dried
following harvesting. When it comes to packaging, hermetic
sealing helps to create an unfavorable environment for fungal
proliferation.40

The Turkish Food Codex adheres to European Commission
Regulation No. 165/2010.43 In European Commission
Regulation No. 165/2010,28 maximum permitted limits are
only available for AFs and OTA in Capsicum spp. products
(dried fruits thereof, whole or ground, including chilies, chili
powder, cayenne, and paprika) with 5 μg kg−1 for AFB1 and 10
μg kg−1 for total AFs (sum of AFB1, AFB2, AFG1, and AFG2).
The European Commission Regulation No. 2015/113729

raised the maximum limit of OTA from 15 μg kg−1 to 20 μg
kg−1. However, the regulations for foods containing multiple
mycotoxins are not yet covered by European Union (EU)
legislation. Furthermore, 30% (16/54), 26% (14/54), and 4%
(2/54) of the samples surpassed the EU limit for AFB1, total
AFs, and OTA, respectively. It should be highlighted that only
traditional peppers surpassed the limits for total AFs (13/31 of
DRPFs and 1/11 of IPFs), AFB1 (15/31 of DRPFs and 1/11
of IPFs), and OTA (2/31 of DRPFs). Furthermore, the
present data revealed that aflatoxin B types were more
frequently detected than their G counterparts. This could be
explained by Aspergillus flavus and Aspergillus parasiticus
contamination of dried chili.21 More recently, Ezekiel et al.24

reported that chili peppers were mostly associated with
aflatoxigenic A. flavus. Likewise, Ozbey and Kabak30 reported
that A. flavus was the most common fungi in red peppers,
producing more aflatoxin B than A. parasiticus. Another study
from Korea showed that 90% (9/10) of the A. flavus strains
could produce AFs (146.88−909.53 μg kg−1) in ground red
peppers.44

Over the last three decades, various studies have been
undertaken to determine the levels of AFs and OTA in dried
red peppers. Tosun and Ozden35 and Set and Erkmen45

focused on the levels of OTA and AFs in unpacked and packed
dried red peppers from Turkey. The results pointed out that all
unpacked peppers were contaminated with OTA between 1.1
and 31.7 μg kg−1, while packed counterparts had lower
contamination within the range of 0.6−1.0 μg kg−1.35 Similarly,
only unpacked peppers surpassed the limits for AFs and AFB1
by 17.1 and 23.1%, respectively, with values ranging from 0.087
to 97.4 and 0.067 to 89.99 μg kg−1, respectively.45 In this
context, Bircan46 noted that all bazaar-sourced peppers
surpassed the legal limits for AFs compared to supermarket-
sourced equivalents in Turkey. The study indicated that
paprika samples (27/30) had AFB1 (0.5−116.4 μg kg−1) and
AFs (0.5−124.6 μg kg−1), while all chili powders (15/15)
contaminated with AFB1 (1.6−80.4 μg kg−1) and AFs (1.8−
85.9 μg kg−1), respectively. The results were found to be
consistent with the existing data since unpacked dried red
peppers were mostly sold in an open form on the streets and
bazaars and were commonly produced by traditional
techniques under uncontrolled conditions on the ground
with sunlight.35 A similar situation was documented in
Malaysia; Jalili and Jinap47 noted that 65 and 81.3% of 80

chilies contained AFs (0.2−79.7 μg kg−1) and OTA (0.2−
101.2 μg kg−1), respectively, emphasizing that peppers from
the open market had higher contamination levels than those
from the supermarket. Accordingly, 25% of chili peppers from
local and farmer’s markets in Nigeria exceeded the limit of
AFs.24 In Korea, Ahn et al.12 detected lower OTA levels in
mechanically dried paprikas than in sun-dried counterparts
(0.82 and 3.83 μg kg−1, respectively). It should be highlighted
that only traditional DRPFs and IPFs red peppers surpassed
the acceptable limits by 42% (13/31) and 9% (1/11) for total
AFs, and 48% (15/31) and 9% (1/11) for AFB1, respectively,
while 6.5% (2/31) in traditional DRPFs exceeded the limits for
OTA and by 48% (15/31) and 9% (1/11) in traditional
DRPFs and IPFs for AFB1, respectively. Furthermore, the
present data revealed that aflatoxin B types were more
frequently detected than their G counterparts. This could be
explained by A. flavus and A. parasiticus contamination of dried
chili.21 More recently, Ezekiel et al.24 reported that chili
peppers were mostly associated with aflatoxigenic A. flavus.
Likewise, Ozbey and Kabak30 reported that A. flavus was the
most common fungi in red peppers, producing more aflatoxin
B than A. parasiticus. Another study from Korea showed that
90% (9/10) of the A. flavus strains could produce AFs (146.88-
909.53 μg kg−1) in ground red peppers.44

2.3. Simultaneous Occurrence of AFs and OTA in Red
Pepper Samples. AFB1-AFB2-OTA combination was de-
tected in 23 out of 41 (56%) DRPFs and 6 out of 13 (46.2%)
traditional IPFs. In other words, 27 out of 42 (64%) co-
occurrences were from all traditional peppers (DRPFs + IPFs),
while 17% (2/12) of them came from industrial DRPFs,
accounting for 54% (29/54) of all samples. Importantly,
neither co-occurrence nor exceedance of EU levels was
detected in industrial IPFs. In addition, 17, 17, and 4% of 54
samples showed co-contamination patterns with AFB1-AFB2-
AFG1-OTA, AFB1-OTA, and AFB1-AFB2, respectively (Figure
S2). AFs-OTA contamination was found to be lower in IPFs
than in DRPFs, especially in industrial types, which could be
explained by the water activity,48 the type of peppers,32,49

drying temperature, and climate.50 Climate conditions in
Turkey’s southeast area, which are warm and humid, may
enhance fungus development in soil and air, placing red
peppers at danger of mycotoxin accumulation while sun-drying
on the ground.45 Water activity (aw) values ranged from 0.266
to 0.686 (Table 2), and IPFs had comparatively lower water
activity values than DRPFs, which may help to reduce elevated
mycotoxin levels. Supporting this evidence, Mariń et al.48

stated that aw values below 0.85 limit the growth of
aflatoxigenic A. flavus in chili by 50%. The co-occurrence of
AFs and OTA in red-scaled peppers has been documented
across the world. In line with the current findings, Özbey and
Kabak30 detected that 62.5% (15/24) of Turkey-based chili
flakes and 41% (9/22) of chili powder samples had AFs-OTA
co-occurrence, representing 52% (24/46) of all chilies.
Exceedances of the limits for AFB1, AFs, and OTA in chili
flakes were 16.7, 12.5, and 16.7%, while in chili powder, it was
13.6%, 4.5%, and 13.6%, respectively. They also noted that the
red chili flakes and chili powder peppers with the highest OTA
contamination (53.4 and 98.24 μg kg−1, respectively) also had
the highest concentrations of AFB1 (11.45 and 35.77 μg kg−1,
respectively). The present findings called attention that
excessive OTA levels (25.86 and 52.19 μg kg−1, respectively)
had the highest levels of AFB1 (37.95 and 29.92 μg kg−1,
respectively).
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Santos et al.7 reported that all Capsicum samples (17 paprika,
11 chilies, and 4 smoked paprika) contained AFs (1.8−83.7 μg
kg−1) and OTA (4.3−474.7 μg kg−1) in peppers, along with
deoxynivalenol (2 chilies and 1 paprika), zearalenone (4 chilies
and 4 paprikas), and trichothecenes (2 chilies). Previously,
these researchers found that 75% (48/64) of paprika and 65%
(23/35) of chilies contained at least one type of mycotoxin,
and the presence of OTA was associated with AFs.5

Recently, Iqbal et al.42 reported that 75.4 and 71% of 252
chili sauces tested positive for AFs and OTA, respectively,
exceeding the limits of AFB1, total AFs, and OTA by 44.8,
42.1, and 23%, respectively, demonstrating the importance of
monitoring mycotoxins in chili-derived products. Similarly,
Motloung et al.18 detected AFB1 in 4/7 of paprika, 2/14 of
coarse chili, and 4/4 of ground chili samples with
concentrations ranging from 3 to 19, 8 to 11, and 7 to 8 μg
kg−1, respectively. Moreover, the frequency of OTA was less
than our results for 1/7, 1/14, and 3/4 of the corresponding
samples. Finally, the simultaneous occurrence of AFB1 and
OTA were determined in 1/4 of the ground chili.
The simultaneous presence of AFs-OTA in dried red

peppers might be due to contamination with distinct fungi
or one type of fungus that produces different mycotoxins.18

Furthermore, when one type of mycotoxin is detected, it is
quite common for other types to occur in the same substrate.51

Mycotoxin cocktails can have synergistic or additive effects on
living organisms.52 According to Sedmiḱova ́ et al.,53 OTA may
boost its mutagenic properties when AFB1 and OTA coexist in
the same substrate.
2.4. Dietary Exposure Assessment and Risk Charac-

terization. The exposure estimates for AFB1, total AFs, and
OTA (0.174, 0.187, and 0.124 ng kg−1 bw day−1, respectively,
at mean MB) are presented in Table 3. The higher the MoE
value, the lower the exposure, especially when it exceeds the
cutoff value of 10,000.54 It must be highlighted that no levels of
exposure to AFB1 and OTA were judged safe, but the MoE was
used to prioritize the risk management process.27 The MoE
estimations for AFB1 and total AFs were 977 and 909,
respectively This situation demonstrates a potential health risk
associated with the consumption of dried red pepper, as well as
the need to take precautions. Unlike, the MoE value for OTA
was far higher than the threshold level of 10,000 in red
peppers, indicating that it was not of health concern. The
estimated weekly OTA exposure was derived by multiplying
the daily exposure (0.124 ng kg−1 bw day−1) by 7, yielding
0.868 ng kg−1 bw week−1, which was dramatically lower than

the PTWI of 100 ng kg−1 bw55 and 120 ng kg−1 bw,56

representing 0.87 and 0.73% of the corresponding PTWI
values (Table 3). As a result, long-term co-exposure to AFs and
OTA through dried red peppers may result in serious health
effects.
Although there have been numerous studies on red pepper

mycotoxins, little information is known on their dietary
exposure and MoE. For example, in Sri Lanka, the MoE
level of AFB1 in red chili (45-78) was far lower than current
findings (977), showing that chilies are a major public health
concern.57 A study on traditional Turkish sürk cheese (which
contains various spices, including chili peppers) indicated that
the MoE and EDI levels of AFB1 were 2982 and 0.057 ng kg−1

bw day−1, respectively. Since cheese has little amount of chili
peppers which posed lower risks compared to present findings,
while the EDI for OTA was 0.205 ng kg−1 bw day−1 with a
PTWI value of 1.44, posing a higher risk (0.124 ng kg−1 bw
day−1).58 In Pakistan, Iqbal et al.42 calculated the dietary
exposure by employing the lowest and the maximum mean
levels of mycotoxins instead of the substitution method. At the
lowest concentration, the dietary exposure to AFB1, total AFs,
and OTA in chili sauce samples were found to be 0.127, 0.337,
and 0.417 ng kg−1 bw day−1, respectively, being higher than
our exposure data except for AFB1. In another study, AFB1
exposure from Turkey-based dried red peppers was estimated
to be 1.5 ng kg−1 bw day for a 20 g day−1 red pepper
consumption,59 which was 9-fold higher than our findings. On
the other hand, Tosun and Ozden35 observed that OTA
exposure through dried red peppers was 0.3 ng kg−1 bw day−1

for 0.6 g day−1 consumption. More recently, Koutsias et al.20

found that AFB1 exposure in red pepper flakes was 0.02 ng
kg−1 bw day.
According to Külahi and Kabak,60 OTA contamination

occurred throughout the pre- and postharvest stages, at 0.181
μg kg−1 (MB estimate) in 34% (17/50) of chilies. Further,
OTA exposure was detected to be 0.011 ng kg−1 bw week−1

(MB estimate), serving 0.01% of EFSA PTWI of 120 ng kg−1

bw and contributing to 0.4% of total OTA exposure. Apart
from red peppers, the MoE values for AFB1 and AFs exposure
in Turkey-based dried figs were detected to be 34,000 and
18,889, respectively, with 0.0002−0.0003 liver cancer cases/
100,000 persons/year, showing negligible health concern
(Oktay Basegmez, 2019). Dietary exposure and MoE values
for AFB1 (0.04−0.12 ng kg−1 bw day−1, 1417−4250) and OTA
(0.03−0.07 ng kg−1 bw day−1, >10,000) were estimated in
Iran-based dried fruits (including mulberry, date, fig, and

Table 3. Dietary Exposure of AFB1, Total AFs, and OTA and Risk Assessment

concentration (μg kg−1) exposure (ng kg−1 bw day−1)e liver cancer risk (case/100000 persons)f

MBb LBa−UBc MBb LBa−UBc MoEd MBb LBa−UBc

AFB1
6.363 6.359−6.367 0.174 0.174−0.175 977 0.0057 0.0057−0.0058

total AFs
6.792 6.711−6.887 0.187 0.184−0.189 909 0.0061 0.0060−0.0062

OTA
4.515 4.512−4.521 0.124 0.123−0.124 >10000

aLB (lower bound): results below the LOD were replaced with 0, and unquantified values (between LOD and LOQ) were replaced by LOD. bMB
(middle bound): results below the LOD were replaced with the value of LOD/2, and unquantified values (between LOD and LOQ) were replaced
by LOQ/2. cUB (upper bound): results below the LOD were replaced with LOD, and unquantified values (between LOD and LOQ) were
replaced by LOQ. dMOE, Margin of exposure, the ratio of benchmark dose, and the estimated intake of AFB1 and total AFs (170 ng kg−1 b.w
day−1) or OTA (21.0 μg kg−1 b.w day−1) to MB of exposure. eThe average body weight for the Turkish adult population was estimated to be 72.8
kg, and all values were expressed in μg kg−1. fLiver cancer risk, liver cancer cases/100,000 population/year.
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apricot), revealing that AFs but not OTA could raise health
issues.62

In the present study, quantitative liver cancer risk results
showed that AFB1 and total AFs were linked to 0.0057 and
0.0060 liver cancer cases/100,000 persons/year at LB estimate,
respectively, which was far lower than that reported by
Yogendrarajah et al.57 (0.046 and 0.028 cases/100,000
persons/year for AFB1 in North and South of Sri Lankan
chilies, respectively). Due to differences in mycotoxin
concentrations, consumption rates, and different food
commodities, estimates of liver cancer risk can vary by country
and region; for example, Huong et al.63 reported that rice and
its products had the highest AFB1 (22 ng kg−1 bw day−1, 1.5
cases/100,000 persons, MoE = 8) and OTA (7.9 ng kg−1 bw
day−1, MoE = 2674) exposure at MB estimate. The dietary
exposure levels of AFB1 and AFs in hazelnuts were calculated
as 0.016 and 0.023 ng kg−1 bw day−1, and for dried figs with
0.003 and 0.005 ng kg−1 bw day−1 (UB estimate), respectively,
since the dietary contribution of hazelnuts was higher than that
of dried figs.64 Similarly, Bol et al.65 investigated pasta and
bakery products and observed the MoE (24.6) and EDI (6.9
ng kg−1 bw day−1) values of AFB1, indicating a substantial
health risk, while OTA exposure was 4.88 ng kg−1 bw day−1,
serving 30.5% of PTWI with negligible risk. In particular,
nearly half of infants and children were exposed to at least two
mycotoxins at elevated concentrations because of their low
body weight.66 Accordingly, the populations with lower body
weight were much more susceptible to mycotoxins, e.g., the
average body weight in Vietnam was 50 kg.63 Furthermore,
dietary exposure and risk assessments may vary by country or
even region, which are also proportional to mycotoxin levels
and consumption rates..57,59 Likewise, the results may differ
among studies due to methodological differences, such as how
the LOD and LOQ are determined and how left-censored data
are processed (<LOD or <LOQ).61

3. CONCLUSIONS
The simultaneous detection of AFs and OTA in DRPFs and
IPFs using multitoxin IAC clean-up was evaluated along with
the dietary exposure risk assessment. With the exception of
AFG2, the method’s performance in detecting AFs and OTA in
dried red peppers was satisfactory. All industrially processed
red peppers met the regulatory limits for AFB1, total AFs, or
OTA. In contrast, traditional peppers exceeded the EU limits
by 30% (16/54), 26% (14/54), and 4% (2/54), respectively,
indicating the need for improved storage and drying settings in
conjunction with good agricultural and manufacturing
practices. Since traditionally processed DRPFs contained a
higher frequency of AFs than OTA, their long-term
consumption may raise the risk for health; thus, red peppers
should be routinely controlled for mycotoxin levels to
minimize consumer exposure. Among the co-occurrence
patterns, AFB1-AFB2-OTA was the most frequent (54%) in
all samples. Exposure to AFs and AFB1 (977 and 909,
respectively) through red pepper consumption appeared to be
of greater concern than OTA (MoE >10,000) for the adult
population in Turkey. Risk assessments revealed that exposure
to AFB1 and total AFs was associated with 0.0058 and 0.0062
liver cancer cases/100,000 persons/year (UB estimate).
Weekly OTA exposure was 0.868 ng kg−1 bw week−1, which
was far below the PTWI, hence not of health concern,
accounting for 0.87 and 0.73% of the JECFA and EFSA PTWI
values of 100 and 120 ng kg−1 bw, respectively. A thorough

toxicological investigation is needed to establish limits on the
concurrent exposure to multiple mycotoxins in dried red
peppers and other foods.

4. MATERIALS AND METHODS
4.1. Samples. Fifty-four red pepper flakes were collected,

including 41 dried red pepper flakes (DRPFs, 31 traditional
and 10 industrial) and 13 red-black isot pepper flakes (IPFs, 11
traditional and 2 industrial). DRPFs and IPFs were produced
both industrially (mechanically dried, under controlled
conditions) and traditionally (sun-dried, based on traditional
techniques). Unfortunately, since IPFs were mostly produced
by traditional methods, the source of industrially processed
IPFs was limited. Samples were obtained randomly from
various retail markets, herbal shops, bazaars, and local
producers in various cities (Adana, Gaziantep, Kahramanma-
ras,̧ Şanlıurfa, Istanbul, and Ankara) throughout Turkey.
Sampling was done following EC 401/2006, which states
that the total sample weight for spices should be at least 500
g.36 For unpackaged samples (sold by weight), random
sampling was performed to gather samples from diverse areas
of a batch, and all pepper flakes were ground to a flake size of
roughly 1−3 mm. Water activity (aw) was measured by a
hygrometer (Novasina, LabTouch-aw, Lachen, Switzerland) at
25 °C ± 1. Further, samples were kept at −18 °C and analyzed
at room temperature.
4.2. Chemicals and Materials. The aflatoxin standard

solution was supplied from Supelco (Bellefonte, PA; Aflatoxin
B and G mix, Cat. No. 46304-U). In 1 mL of methanol, each
standard mix contains 0.3 μg of AFG2, AFB2, and 1 μg of
AFG1, AFB1. Aflatoxin standards (0.2−10.8 ng mL−1 for AFB1
and AFG1, and 0.06−3.24 ng mL−1 for AFB2 and AFG2) were
dissolved in methanol:water (20:30, v/v). The OTA standard
was purchased from Sigma-Aldrich (Steinheim, Germany), and
working standard sets (0.1−5 ng OTA mL−1) were prepared in
acetonitrile/water/acetic acid (99:99:2, v/v/v). The AflaO-
chraTest immunoaffinity column (Vicam, Watertown, MA)
was employed in clean-up and preconcentration steps. All
analytical and high-performance liquid chromatography
(HPLC)-grade chemicals and reagents were supplied from
Merck (Darmstadt, Germany). Phosphate-buffered saline
(PBS) and phosphate buffer (PB) were prepared according
to Trucksess et al.67

4.3. Aflatoxin and Ochratoxin A analysis. 4.3.1. Sample
Extraction and IAC Clean-Up. Based on Trucksess et al.
(2008) and Stroka et al. (2000), red peppers were extracted
and cleaned up with slight modifications. According to
combined methods, relevant mycotoxins were extracted and
followed by AflaOchraTest IAC clean-up and HPLC-FLD with
postcolumn derivatization. Samples (5 g) were mixed with 25
mL of methanol−0.5% sodium hydrogen carbonate
(NaHCO3) (7:3, v/v) and 1 g of sodium chloride (NaCl)
and shaken (Janke and Kunkel, IKA-Labortechnik KS 250) at
400 rpm for 10 min. Following centrifugation for 10 min at
8228g (Eppendorf Centrifuge 5804R, Hamburg, Germany), 7
mL of the upper phase was transferred to another tube. PB (28
mL) containing 1% Tween 20 was added to the tube and
vortexed. Following glass microfiber filtration, AflaOchraTest
was employed for 25 mL of the filtrate with 1−2 drops/s.
Then, 5 mL of 10 mM PBS and pure water were used to wash
the column; finally, 3 mL of air was passed through the column
for the remaining drops. After 1 mL of methanol was used to
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elute bounded AFs and OTA from the column, 1 mL of pure
water was added before analysis.
4.3.2. HPLC-FLD Analysis. Agilent Technologies 1100 series

with a quaternary pump, solvent distribution system,
fluorescence detector (FLD), degasser, and Rheodyne injector
with a 100 L loop was used for HPLC analysis. The
Chemstation 3D solution program was used to process
samples and collect data. In chromatographic separations, a
250 mm×4.6mm ODS-Hypersil C18 column (5 μm particle
size; Hichrome Ltd., Reading, U.K.) was utilized. For
postcolumn derivatization, CoBrA-cell (Vicam, Watertown)
was employed, maintaining the column at 30 °C with a flow
rate of 1 mL min−1. Mobile phase A (water:acetonitrile:me-
thanol, 6:2:3, v/v/v with 350 μL of 4 M nitric acid, HNO3, and
120 mg of potassium bromide, KBr) and mobile phase B
(acetonitrile:water:acetic acid, 99:99:2, v/v/v) were used for
AFs and OTA under gradient conditions, respectively, at a flow
rate of 1 mL min−1. Elution was conducted as follows: 100%
mobile phase A for 12 min and 100% mobile phase B for an
isocratic duration of up to 25 min. The wavelength of
excitation (λEx) and emission (λEm) was set to 360 and 440 nm
for AFs (B1, B2, G1, and G2) until 12 min; 333 and 477 nm for
OTA, respectively.33 For injection, the volume of samples and
standards was set to 100 μL.
4.4. Analytical Quality Parameters. Linearity, sensitivity,

recovery, and precision were assessed as a part of the method
validation plan to determine AFB1, AFB2, AFG1, AFG2, and
OTA in dried red pepper samples. Linearity was determined
using seven-point calibration ranging from 0.2 to 10.8 ng mL−1

for AFB1 and AFG1, 0.06 to 3.24 ng mL−1 for AFB2 and AFG2,
and 0.1 to 5 ng mL−1 for OTA, in triplicate. Linearity was
calculated using peak area and analyte concentration. Linear
regression analysis was performed to calculate the method’s
linearity, which was represented as a correlation coefficient
(R2).
Method’s sensitivity was expressed as detection (LOD) and

quantification (LOQ) limits were derived according to
recovery data,68 based on signal-to-noise (S/N) ratios of 3
and 10, respectively, with the following equations

= +LOD B 3S

= +LOQ B 10S

where “B” is the mean of blank samples and “S” is the sample
standard deviation, with 10 injections.
Spiking was conducted using toxin-free blank red pepper

samples containing certain concentrations of AFs (1, 2, and 10
μg kg−1 of AFB1 and AFG1; 0.3, 0.6, and 3 μg kg−1 of AFB2 and
AFG2) and OTA (0.5, 1, and 3 μg kg−1) used for method’s
accuracy. All samples were brought to room temperature
overnight before extraction. Spiking was conducted in six
replicates. Following HPLC-FLD quantification, the final
mycotoxin content in a spiked sample (as explained in
Sections 4.3.1 and 4.3.2) was compared to the known initial
concentration to estimate recoveries. The precision was
calculated at three different concentrations through a six-
replicated analysis of spiked samples on the same day and
expressed as the percent relative standard deviation (RSD) of
the replicate measurements.
4.5. Dietary Exposure and Risk Assessment. 4.5.1. Mar-

gin of Exposure (MoE) Approach. For the calculation of
dietary exposure, the margin of exposure (MoE) approach was
used, which was a fraction of the BMDL10 (benchmark dose

lower confidence limit 10) and estimated daily intake (EDI) of
AFB1 or OTA, where BMDL10 is the lowest dose to cause a
10% increase in cancer incidence in rodents.69 Considering the
risks of liver and renal cancer, the BMDL10 value for AFB1 and
OTA was estimated to be 170 ng kg−1 bw day−1,54 and 21 μg
kg−1 bw day−1,56 respectively. EDI level was calculated using
average toxin concentrations via the substitution method.70

Thus, the values under LOD were substituted with 0, LOD/2,
and LOQ to calculate lower (LB), middle (MB), and upper
bound (UB) levels, respectively.61−63 Per capita consumption
of dried red peppers was considered 2 g day−1, and the average
body weight (bw) for Turkish adults was approximately 72.8
kg.9 The dietary exposure was determined by multiplying the
contamination level per body weight with the dietary intake.62

EDI value was calculated as shown in eq 1

=

×

EDI (ng kg bw day ) contamination level (ng g )

consumption rate on a daily basis (g day )

/body weight (kg)

1 1 1

1

(1)

4.5.2. Risk Assessment. Given that the MoE score indicates
the degree of concern for mycotoxin exposure, an additional
risk assessment is required to detect the risk of liver cancer.69

People who tested positive (PHBsAg+) and negative
(PHBsAg−) for hepatitis B surface antigen (eq 2) were
included in calculations, and consuming AFB1-contaminated
foods was linked with a 30-fold increase in the risk of getting
liver cancer.3 Hepatitis B virus infection was classified as
intermediate endemicity (2−8%) or high (> 8%) by the World
Health Organization,71 and HbsAg prevalence was reported to
be 6.2 and 8.2% in the urban and rural areas, respectively, in
Turkey’s southeastern region.61,72 Therefore, the risk of liver
cancer was computed under the worst-case scenario, with an
assumed population value of 8%. The risk of AFB1-related liver
cancer was calculated by multiplying the EDI and the average
carcinogenic potency (Pcancer) (eq 3).

63

= ×

+ ×

+ +P (PHBsAg Pop. PHBsAg )

(PHBsAg Pop. PHBsAg )
cancer

(2)

= ×PRisk of liver cancer EDIcancer (3)

PHBsAg+ = 0.3 cancers/year/100,000 population ng−1 AFB1
kg−1 bw day−1; PHBsAg− = 0.01 cancers/year/100,000
population ng−1 AFB1 kg−1 bw day−1; Pop. PHBsAg+ =
proportion of population positive with Hepatitis B (0.08); Pop.
PHBsAg− = proportion of population negative with Hepatitis B
(0.92); Pcancer = 0.3 × 0.08 + 0.01 × 0.92 = 0.033.
AFB1 exposure (even at relatively low levels, ≤1 ng kg−1 bw

day−1 in developed countries) can contribute to liver
cancer.73,74 AFB1 has no safe level because of its severe
carcinogenic and genotoxic effects; hence, it should be “as low
as reasonably achievable (ALARA)” to protect public health.75

The average potency for liver cancer from eq 3 was calculated
as 0.033, which was utilized in the present risk estimations
(Table 3). However, Kuiper-Goodman76 calculated the
provisional maximum tolerable daily intake (PMTDI) for
AFB1 (1 ng kg−1 bw day−1). Therefore, for non-European
countries, exposing 1 ng kg−1 bw day−1 of AFB1 would cause
liver cancer by 0.083 cases/100,000 persons/year.3 As a result,
the risk of liver cancer in Turkey was recalculated using the
value 0.083 (Risk of liver cancer = 0.083 × EDI of AFB1),
yielding 0.0144,0.0145, and 0.0146 cases/100,000 persons/
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year for MB, LB, and UB exposure levels, respectively, which
were higher than the current estimates. However, for OTA,
provisional tolerable weekly intake (PTWI) was set as 100 ng
kg−1 bw55 and 120 ng kg−1 bw,56 respectively. Further,
estimated OTA exposure was compared to the PTWI value to
determine the risk assessment; exceeding the PTWI posed a
risk.
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A. D.; Sulyok, M.; Hajsľová, J.; Elliott, C. T.; Krska, R. Mycotoxin Co-
Exposures in Infants and Young Children Consuming Household-
and Industrially-Processed Complementary Foods in Nigeria and Risk
Management Advice. Food Control 2019, 98, 312−322.
(67) Trucksess, M. W.; Weaver, C. M.; Oles, C. J.; Fry, F. S.;
Noonan, G. O.; Betz, J. M.; Rader, J. I. Determination of Aflatoxins
B1, B2, G1, and G2 and Ochratoxin A in Ginseng and Ginger by
Multitoxin Immunoaffinity Column Cleanup and Liquid Chromato-
graphic Quantitation: Collaborative Study. J. AOAC Int. 2008, 91,
511−523.
(68) Eurachem. The Fitness for the Purpose of Analytical Methods.
A Laboratory Guide to Method Validation and Related Topics.
Middlesex, TW110LY, United Kingdom: Eurachem Working Group,
2014. https://www.eurachem.org/images/stories/Guides/pdf/MV_
guide_2nd_ed_EN.pdf.
(69) EFSA. European Food Safety Authority. Opinion of the
Scientific Committee on a Request from EFSA Related to a
Harmonized Approach for Risk Assessment of Substances Which
Are Both Genotoxic and CarcinogenicEFSA J2005282131https://
www.efsa.europa.eu/en/efsajournal/pub/282.
(70) EFSA. European Food Safety Authority. Scientific Report of
EFSA: Management of Left-Censored Data in Dietary Exposure
Assessment of Chemical Substances. EFSA J. 2010, 8, 1−96.

(71) WHO. World Health Organization. Prevention of Mother-to-
Child Transmission of Hepatitis B Virus: Guidelines on Antiviral
Prophylaxis in Pregnancy: Web Annex A: Systematic Review of the
Efficacy and Safety of Antiviral Therapy during Pregnancy. 2020.
https://apps.who.int/iris/bitstream/handle/10665/333391/
9789240002708-eng.pdf.
(72) Mehmet, D.; Meliksah, E.; Serif, Y.; Gunay, S.; Tuncer, Ö.;
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