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Investigation of the deoxynivalenol and ochratoxin A levels by high-performance liquid

chromatography of cereals sold in the markets in Tiirkiye
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Abstract

The current research was conducted to determine the deoxynivalenol (DON) and ochratoxin A (OTA) levels of 24 pieces of
wheat flour, 24 pieces of rice, 24 pieces of corn flour, and 24 pieces of whole wheat flour obtained from the markets in Istanbul
by HPLC. DON was detected in 4 of the 96 grain cereal samples at levels between 0.94 and 1.16 pg/kg (LOQ, 0.92 ug/kg).
Besides, from the analyzed samples, DON was detected in 3 pieces of ashura wheat, 2 pieces of rice, and 5 pieces of corn flour
between LOD and LOQ. The highest DON level was found in the corn flour sample (1.16 pg/kg), which was sold unpacked.
OTA was detected in 11 of the samples (0.87-6.97 pg/kg) consisting of 3 corn flours (1.51-2.23 pg/kg) and 8 whole wheat flours
(0.87-6.97 pg/kg). The highest OTA level was found in the packaged whole wheat flour sample (6.97 ug/kg) bought from the
market. Since DON and OTA exposure can be observed frequently in cereals and may increase to possible risky levels, further

work should be done to determine the precautions necessary to minimize the risks of contamination.
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Practical Application: Detection of mycotoxin levels in these food products is the first step required to reduce the exposure

and mitigate the health risks to consumers.

1 Introduction

Cereals, such as corn, wheat, and barley, are consumed by
most people in the world as a primary source of energy and food.
Contamination of crops, especially cereals, by molds during the
pre-harvest and post-harvest stages can lead to the production of
secondary toxic metabolites known as mycotoxins (Silva et al.,
2022; Lima et al., 2022; Khorshidi et al., 2022). The main
mycotoxins such as are aflatoxins, deoxynivalenol, trichothecenes,
fumonisins, zearalenone, and ochratoxin A are produced by
Aspergillus, Penicillium, Alternaria, Claviceps and Fusarium
species (Udovicki et al., 2018). Among them, deoxynivalenol
(DON), also called vomitoxin (type B trichothecene), is one of
the most common mycotoxins associated with cereals such as
corn, wheat, and barley (Machado et al., 2017; Medina et al.,
2019). DON is mainly produced by Fusarium species such as
F. graminearum and . culmorum. DON was first isolated from
moldy barley in Japan (1972) and was found to be identical to
the emetic factor found in corn in the USA (Richard et al., 1993).

Another common type of mycotoxin is ochratoxins.
Ochratoxins (OTA, OTB, and OTC) are secondary metabolites
synthesized from various species of Penicillium and Aspergillus
genera, especially P. verrucosum, A. ochracecus, and A. carbonarius
(European Food Safety Authority, 2006). Ochratoxins were
first identified from fungal cultures in South Africa (1965) and

have three derivatives such as OTA, OTB, and OTC (Van der
Merwe et al., 1965).

It has been reported that 25-50% of the crops harvested in the
world each year are contaminated with mycotoxins (Ricciardi et al.,
2013). Reactions during food processing have shown that DON
and OTA can occur in cereals (Wang et al., 2022). The main
factors that increase mold growth and mycotoxin biosynthesis in
stored grains are known as high grain moisture (16-30%), high
grain temperature (25-32 °C), and high air relative humidity
(80-100%) (Shanahan et al., 2003). The optimum temperature
for the formation of DON varies between 26-30 °C (Milani,
2013). While some Aspergillus species produce ochratoxin under
high humidity and temperature conditions, some Penicillium
species can produce ochratoxin even at temperatures as low as
5 °C (Gupta et al., 2018). The optimum temperature for OTA
formation is specified as 25-30, 20-25, and 10-20 °C for A.
ochraceus, A. niger, and A. carbonarius, respectively (Bui-Klimke
& Wu, 2015). It has also been reported that a temperature rise
of 2-3 °C has been caused to mold growth or insect infestation
(Neme & Mohammed, 2017). Moreover, it is known that the most
effective method of reducing mycotoxin levels in foods involves
sorting and cleaning, such as the physical removal of rotten parts
or grains. (Bullerman & Bianchini, 2007). Various factors such as
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the chemical structure of mycotoxins, temperature conditions,
processing time, humidity during processing, or lack of moisture
can affect mycotoxin formation during specific processing steps
(Lancova et al., 2008). Among Fusarium toxins, DON is the
most common and important indicator of Fusarium Head Blight
formation in wheat (EFSA Panel on Contaminants in the Food
Chain, 2013). There is insufficient toxicological data on chronic
exposure to DON in humans; however, the FAO/WHO Expert
Committee on Food Additives (JECFA) reported in 2010 that the
maximum tolerable daily intake for DON was 1 ug/kg per day
(Knutsen et al., 2017). Regulatory authorities around the world
have set maximum levels for both unprocessed and processed
grains and cereals to protect consumers from exposure to high
DON levels. For example, both the European Union (EU) and
Turkish Food Codex have set the maximum levels of DON at
1250 pg/kg for unprocessed cereals other than wheat, oats, and
corn, 1750 pg/kg for unprocessed wheat, oats, and corn, 750 pg/kg
in cereals, 500 pg/kg for cereal flour, bran, germ, pasta, bread,
pastries, cereal snacks, and breakfast cereals, and 200 ug/kg for
cereal-based foods and infant formulas (Commission of the
European Communities, 2006). On the other hand, the FDA
(Food and Drug Administration, U.S.A.) has set the maximum
levels for DON at 10 mg/kg for animal feeds, 1000 pg/kg for
wheat products (flour, bran, and germ), 10 mg/kg for cereals and
cereal-based products, and 30 mg/kg for distillers and brewer
grains (U.S. Food and Drug Administration, 2010).

Regarding OTA and other mycotoxins, it was first decided
in 1993 in the EU Council Regulation (EEC) No. 315/93 that
maximum tolerance limits should be established for specific
contaminants to protect the public health (Council Regulation,
1993). The limits for cereals (5 pg/kg), processed grain-based
foods (3 ug/kg), and dried vine fruits (10 pg/kg) were previously
determined regarding OTA in the EU Commission Regulation
No. 1881/2006 published in 2006, including the limits for
supplementary foods for infants and small child and special
medical purpose dietary supplements for infants (0.5 pg/kg), as
well as roasted coffee beans and ground coffee (5 pg/kg), coffee
extract or soluble coffee (10 pg/kg). Both the EU and Turkish
Food Codex have determined the maximum limit values of
OTA in cereals as 5 ug/kg in unprocessed cereals, 3 pg/kg in all
products derived from unprocessed cereals (including cereals
and processed cereal products for direct human consumption),
0.5 ug/kg in special medical-purpose diet foods for infants and
supplementary foods for infants and small children (Commission
of the European Communities, 2006).

Mycotoxins are harmful to human health due to their chronic
effects such as carcinogenic, teratogenic, immunotoxic, nephrotoxic,
and estrogenic effects (Zain, 2011). Toxicological studies and in
vitro and in vivo studies regarding trichothecenes have shown
various effects (Lu et al., 2013). Some of the toxic effects related to
trichothecenes are mitochondrial dysfunction, protein inhibition,
immunosuppression, cytotoxicity, and changes in blood cell
count (Cano-Sancho et al., 2011). Trichothecene has also been
associated with skin and mucous membrane disorders, loss of
appetite, vomiting, abdominal pain, hemorrhagic disorders, and
cardiovascular dysfunction (Etzel, 2006). Since DON, OTA, and
other mycotoxin species are found in trace amounts in foods, it
is of great importance to detect these compounds with reliable,

accurate, and fast analysis methods. Thin-layer chromatography
(TLC), HPLC, liquid chromatography-mass spectrometry (LC-
MS), and enzyme-linked immunosorbent (ELISA) methods are
used in mycotoxin analysis (Berthiller et al., 2007). The HPLC
method is the most common method to determine and diagnose
DON, OTA, and other mycotoxins in food and feedstuffs.
Importantly, HPLC analysis provides accurate, reliable, sensitive
(low detection and measurement limit), and high precision
results (Girelli & Mattei, 2005).

Itis nearly impossible to avoid mycotoxin exposure in cereals.
However, the detection of mycotoxin prevalence and levels in
these food products is required to reduce the mycotoxin levels
as determined by the various countries and prevent the health
risks to the consumers. The present study aims to determine the
DON and OTA levels of cereals sold on the market in Tiirkiye
by HPLC with a UV and fluorescence detector.

2 Materials and methods
2.1 Sampling

In this study, 50% of the cereals that make up our samples
were procured from the markets (branded products) in Istanbul
and 50% from the street markets, collected between September
and October in 2020 in Tiirkiye. The total number of samples
was 96, but 24 of these samples were ashura wheat, 24 of them
were rice, 24 of them were corn flour, and 24 of them were whole
wheat flour. The production place and sample types for DON
and OTA are presented in Tables 1-8.

2.2 Chemicals

OTA, DON standard, and other chemicals were obtained
from Sigma-Aldrich (St. Louis, MO, USA). HPLC grade solvents
were used in the extraction and mobile phase. Millipore Milli
Q-RG water was used for the preparation of standards.

2.3 DON analysis

DON content was determined according to a method described
by Omurtag & Beyoglu (2003). DON stock standard solution
was prepared in acetonitrile at a concentration of 1 ug/pL. The
stock standard solution was then used to prepare a 0.5 ng/uL
working standard solution in methanol/water (20:80 v/v). The
prepared stock solutions were stored at -20 °C.

Cartridge preparation for DON

First, a filter paper (Whatman No. 4) was placed in a 6 mL
empty SPE column by cutting it to completely cover the bottom.
Then, 0.35 g of aluminum oxide, 0.25 g of celite, and 0.4 g of
activated charcoal, which were weighed on a precision scale,
were placed on the filter. Care was taken to create these layers
without mixing them. Filter paper (Whatman No. 4) was placed
on the last layer of activated charcoal.

For OTA, the immunoaffinity columns (IAC) containing
OTA-sensitive antibodies were obtained from OchraStar Romer
Labs. The IAC was stored at 4-8 °C, but it was allowed to come
to room temperature before performing the analysis.
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Table 1. DON analysis results by HPLC of Ashura wheat samples.

Sample Number Production Place DON (pg/kg) Sample Number Production Place DON (pg/kg)
1 Konya ND 5P ou >L0Q
10? Konya <LOQ 14 ou <LOQ
16 Konya <LOQ 190 ou <LOQ
. 23¢ Malatya <1L0Q :g;: 270 Sakarya ND
£ 310 Konya ND s 340 ou ND
2 42 Malatya ND & 460 Ankara ND
& 550 Konya ND ; 51° ou ND
62° Konya ND 3 599 ou ND
66° Konya ND 70p ou ND
76 Konya <LOQ 80? ou ND
89* Konya ND 87v Ankara ND
91* Konya ND 93p Ankara ND
“Bulk product for sale; "Packaged product from the market; OU: origin unknown; ND: not detected.
Table 2. DON analysis results by HPLC of rice samples.
Sample Number Production Place DON (pg/kg) Sample Number Production Place DON (pg/kg)
28 Corum >L0Q 6° Edirne <LOQ
11° Corum <LOQ 15? Trakya <LOQ
17* Samsun <LOQ 20° Bolu <LOQ
« 24* Bolu <LOQ E‘: 28 ou ND
_{:: 320 Corum ND ‘2" 35p Corum ND
_S‘I’ 43¢ Bolu ND {5‘0 37v Corum ND
& 56 Bolu ND = 470 Samsun <10Q
63 Corum ND 3 520 ou ND
67° Corum ND 60° Bolu ND
77 Corum ND 71p Corum ND
90* Bolu ND 81° Bolu ND
922 Bolu ND 94p ou ND
*Bulk product for sale; PPackaged product from the market; OU: origin unknown; ND: not detected.
Table 3. DON analysis results by HPLC of corn flour samples.
Sample Number Production Place DON (pg/kg) Sample Number Production Place DON (pg/kg)
3 Giresun <LOQ 7° ou >LOQ
4 Ordu >L0Q 12¢ ou <LOQ
13 Rize <10Q 210 ou <10Q
- 182 Giresun <L0Q E 29p ou ND
= =i
2 25° Rize <10Q S 36° ou ND
& 330 Rize ND & 48 Eskisehir ND
& nE Giresun ND = 530 ou ND
44° Trabzon ND & 617 ou ND
57% Ordu ND 72°P (0)8) ND
64° Trabzon ND 82r ou ND
68° G.antep ND 88r Ankara ND
78 Mersin ND 95p ou ND

*Bulk product for sale; PPackaged product from the market; OU: origin unknown; ND: not detected.
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Table 4. DON analysis results by HPLC of whole wheat flour samples.

Sample Number Production Place DON (pg/kg) Sample Number Production Place DON (pg/kg)
26° Malatya ND 8 ouU <LOQ
38 Antalya ND 9 Kirgehir ND
39% ou ND 220 ou <LOQ
o 40° Mugla ND g 300 Tekirdag ND
2 450 Mugla ND < 490 Aydim ND
2 50° ou ND 2 540 Konya ND
& 58 Konya ND :‘5 65° Konya ND
69 G.antep ND 3 730 ou ND
74 Izmir ND 83p Tekirdag ND
75% ou ND 85p Konya ND
79 ou ND 86° ou ND
84 ou ND 96r Tekirdag ND

*Bulk product for sale; PPackaged product from the market; OU: origin unknown; ND: not detected.

Table 5. OTA analysis results by HPLC of Ashura wheat samples.

Sample Number Production Place OTA (pg/kg) Sample Number Production Place OTA (pg/kg)

1? Konya ND 5P ou ND

10* Konya ND 147 ou ND

16* Konya ND 190 ou ND

- 23 Malatya ND g 270 Sakarya ND
2 31° Konya ND S 340 ou ND
_s‘l’ 42° Malatya ND _E:r 467 Ankara ND
= 550 Konya ND g 510 ou ND
62° Konya ND & 599 ou ND

66° Konya ND 70° ou ND

76* Konya ND 80° ou ND

89° Konya ND 87p Ankara ND

91° Konya ND 93p Ankara ND

*Bulk product for sale; PPackaged product from the market; OU: origin unknown; ND: not detected.

Table 6. OTA analysis results by HPLC of rice samples.

Sample Number Production Place OTA (ug/kg) Sample Number Production Place OTA (ug/kg)
28 Corum ND 6P Edirne ND
11° Corum ND 15° Trakya ND
17* Samsun ND 207 Bolu ND
. 24° Bolu ND ;: 28p ou ND
% 320 Corum ND § 35p Corum ND
2 43 Bolu ND 2 370 Corum ND
& 56° Bolu ND = 470 Samsun ND
63 Corum ND 3 52¢ ou ND
67° Corum ND 60° Bolu ND
77 Corum ND 71° Corum ND
90° Bolu ND 81» Bolu ND
92? Bolu ND 94p Oou ND

“Bulk product for sale; PPackaged product from the market; OU: origin unknown; ND: not detected.
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Table 7. OTA analysis results by HPLC of corn flour samples.

Sample Number Production Place OTA (ug/kg) Sample Number Production Place OTA (ug/kg)
3 Giresun ND 7P ou ND
4 Ordu ND 12p ou ND
13* Rize ND 21° ou ND
. 18 Giresun ND _;2 290 ouU ND
£ 25° Rize ND s 36° ou ND
_g:i’ 33° Rize ND i::: 48p Eskisehir 1.51 £ 0.03
&ol: 41* Giresun ND ; 53¢ ou 2.23+0.03
440 Trabzon ND & 61 ou 1.50 + 0.03
57¢ Ordu ND 72P ou ND
64 Trabzon ND 82p ou ND
68° G.antep ND 88p Ankara ND
78 Mersin ND 95p ou ND
“Bulk product for sale; "Packaged product from the market; OU: origin unknown; ND: not detected.
Table 8. OTA analysis results by HPLC of whole wheat flour samples.
Sample Number Production Place OTA (ug/kg) Sample Number Production Place OTA (ug/kg)
26* Malatya 1.31+0.03 8° ou 1.79 £ 0.05
38 Antalya ND 9p Kirsehir 6.97 +0.21
39° ou ND 220 ou ND
- 40° Mugla ND E:, 30° Tekirdag ND
2 45 Mugla 1.48 +0.03 < 49° Aydin ND
& 50 ou ND & 547 Konya 0.92 +0.03
% 58 Konya ND g 65° Konya ND
69° G.antep ND 3 730 ou 4.20 +0.05
74° [zmir ND 83v Tekirdag ND
75 ou ND 85 Konya ND
79 Oou ND 86° ou ND
84* ou 0.87 £0.03 96P Tekirdag 0.84 +0.03

*Bulk product for sale; PPackaged product from the market; OU: origin unknown; ND: not detected.

Sample preparation for DON

First, 50 g of sample was weighed and transferred to a
Waring blender. Next, 250 mL of acetonitrile/water (21:4, v/v)
solution was added and mixed for 3 minutes, and then, left for
30 min. Then, it was filtered into a 500 mL volumetric flask using
Whatman No. 4 filter paper. After that, it was passed through a
pre-washed SPE column. The SPE column was pre-washed with
10 mL of acetonitrile/water (21:4, v/v) solution. Then, 5 mL of
the filtrate was passed through the SPE column. Finally, DON
was eluted with 10 mL of acetonitrile/water (21:4, v/v) solution.
The eluent was held in a round bottom flask and evaporated in
a vacuum evaporator at 60 °C.

2.4 Sample preparation for OTA

OTA content was determined according to a method described
by Solfrizzo et al. (1998). To prepare OTA standard stock solutions
(2 ug/mL), 2 mL of OTA standard solution containing 10 pg/
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mL of OTA dissolved in acetonitrile was added to a 10 mL flask
and made up to 10 mL with methanol.

First, 50 g of sample was weighed and transferred to a Waring
blender. Next, 200 mL of acetonitrile/pure water (6:4, v/v) solution
was added and mixed for 3 min. It was filtered in a 250 mL flask
using Whatman No. 4 filter paper. Then, 10 mL of filtrate and
40 mL of phosphate-buffered saline (PBS) were added into a
100-mL beaker. The IACs were used for the purification of OTA.
The IAC was kept in the refrigerator until the analysis, but they
are allowed to come to room temperature before analysis begins.
The TACs were placed in a Chromabond vacuum manifold,
and then, 25 mL of the diluted filtrate was passed at a constant
rate through the IACs at a flow rate of 3 mL/min. After that,
the column was washed by passing 10 mL of PBS and 10 mL
of ultrapure water at a constant rate of 2 drops/second from
the TAC and dried by applying low vacuum for 5-10 seconds.
OTA that attached to the antibodies in the IAC was eluted by
backflushing with 0.5 mL of methanol (two times), and it elute
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was collected into a glass tube. Finally, 1 mL of ultrapure water
was passed through the IAC, and the total eluate was collected
in the same glass tube.

2.5 HPLC procedure for DON

The purified DON samples were dissolved in 1.0 mL of 20%
methanol-water and filtered with a Millipore Millex HV filter
(0.45 pm), Hydrophilic Duropore (PVDEF), and then, injected
into the HPLC system. Injection volume was 50 or 100 pL.
Linearity was observed between 2 and 40 ng for DON using
five calibration levels in duplicate.

The HPLC system was a combination of a variable wavelength
UV-visible detector tuned at 220 nm (Agilent 1100) and a Model
600 pumped multi-solvent delivery system (Waters Corporation,
USA). The injector was a Rheodyne 7725 sample injector with
20 loop accessories. The injection volume was 100 pL for each
sample. A reverse-phase symmetry C18 column (4.6 x 250 mm,
100 A, 5 L particle size, part number HX56005269, Merck,
Germany) was used for the separation of DON. The Agilent
ChemStation program was used for the data analysis.

The mobile phase was prepared by mixing with methanol
and water (70:30 v/v). The mobile phase was filtered through a
Millex HV Millipore filter (0.45 pm) and degassed with a Waters
in-line degasser. The flow rate was 0.7 mL/min. The graph speed
was 0.5 cm/min and the oven temperature was set at 25 °C.

2.6 HPLC procedure for OTA

The purified OTA sample was filtered through a 2-mL syringe-
tipped filter (0.45 um). Linearity was observed between 0.4 and
60 pg/kg for the Ochratoxin A standard using five calibration
levels in duplicate.

For HPLC, a Shimadzu LC Shimadzu-Nexera-I LC-2040C
system with a Shimadzu RF-20A fluorescence detector (Shimadzu
Corporation, Kyoto, Japan) was used. The mobile phase was
prepared by mixing acetonitrile/water/acetic acid (47:51:2,
(v/vIv)). An Inertsil ODS-3 (4.6 x 250 mm, 5 um) column was
used for the separation of OTA. The excitation and emission
wavelengths were 333 and 443 nm, respectively. The flow rate
was 1 mL/min. The column oven temperature was 40 °C.

2.7 Method validation

For the performance evaluation of the method used for
DON and OTA analysis; In addition to the linearity range and
correlation coeflicients (R?) data of the calibration curves, LOD,
LOQ, and recovery were made. A calibration curve was created
by calculating the areas of the peaks prepared at five different
concentrations and injected into the HPLC device.

3 Results and discussion

In this study, we determined the amount of mycotoxins
DON and OTA in ashura wheat, rice, corn flour, and whole
wheat flour, which are produced and consumed in significant
quantities in Tiirkiye. The findings of the study are shown in
the following Tables 1-8.

The limit of detection (LOD) and limit of quantification
(LOQ) for DON were determined as 0.28 and 0.92 pg/kg,
respectively. The recovery of the DON analysis was calculated
as a result of the recovery by adding DON intermediate
standard solution (5 ug/kg) to a blank sample that was found
not to contain deoxynivalenol and was found to be 96%. The
correlation coeflicient of the calibration curve (R?) was 0.9998.
The 0.10 pg/kg OTA standard solution was spiked to blank sample
and recovery was found as 96.75%. The LOD and LOQ values
of the OTA analysis were calculated as 0.03 pg/kg, 0.10 ug/kg,
and the correlation coeflicient of this calibration curve (R?) =1
was found as a result of the calculations.

As shown in Tables 1-4, DON was detected in 4 of the
96 grain cereal samples at levels between 0.94 and 1.16 pg/kg
(LOQ, 0.92 ug/kg). Besides, from the analyzed samples, DON
was determined in 3 pieces of ashura wheat, 2 pieces of rice,
and 5 pieces of corn flour between LOD and LOQ. The highest
DON level was found in the corn flour sample (1.16 pg/kg),
which was sold unpacked. In the study conducted in 2002 on
DON exposure in cereals in Tiirkiye, 68 kinds of cereal and 15
pulses samples were examined and DON was detected in 8.82%
of the grain samples and the highest DON level was found in
the corn flour sample (2.67 pg/g) bought from the market, as in
our study (Omurtag & Beyoglu, 2003). In the study conducted
by Bakirci in 2014, the DON levels were investigated in a total
of 381 grain-based samples by HPLC. In that study, DON was
detected in the range of 132.4-9589.4 pg/kg in 13 of the 144
samples (Bakircr et al., 2014). In another study carried out by
Tiirkessiz and Bostan in 2020, 112 different flour samples were
collected from various bakeries and markets in Istanbul, and
the DON level was detected between 0.06-70.04 pg/kg in 41
of the 112 samples (LOD-LOQ, 2.22-7.40 ug/kg) (Tiirkessiz
& Bostan, 2020). In that study, DON level was found below
the acceptable limits determined by Turkish food codex in all
samples. In another study, the levels of DON were examined
in 240 cereals and cereal-based samples collected from various
regions of Tiirkiye, and DON was detected in 13 wheat (58-
1092 pg/kg), 2 corn (313-331 ug/kg), 3 barley (138-973 pg/kg),
7 paddy (136-256 ug/kg), 3 wheat flour (92-151 pg/kg), 2
biscuits (31.2-71.3 pg/kg), and only 1 pasta sample (49.3 ug/kg)
(LOD-LOQ, 46.9-72.3 pg/kg) (Golge & Kabak, 2020). It was
reported in that study, DON was the most prevalent mycotoxin
in wheat compared to other mycotoxins. The DON levels in
106 cereals and cereal-based samples were examined in Qatar
and detected in 4% out of the samples (86.43-182.94 pg/kg)
(Abdulkadar et al., 2004). In a study conducted in South Africa,
DON was detected in 16 of the 18 corn samples at an average
level of 294 pg/kg (Shephard et al., 2010). In a study examining
corn samples in Italy between 2006 and 2007, DON was detected
at the levels of 197-3980 pg/kg in all 47 samples. DON levels
reaching 14 ug/kg were detected in 89% of the 36 corn samples
in a study from 2007 (Golge & Kabak, 2020). DON levels of
206-4732 pg/kg were detected in 75 of the 113 wheat samples
obtained from 2008-2009 in Parana State, Brazil (Santos et al.,
2013). Blesa et al. (2014) investigated 80 durum wheat grains for
DON in 2014. In that study, DON was determined at the levels
of 121-1480 pg/kg in 4 of the 80 samples (Blesa et al., 2014). In
the study conducted with samples of 31 unprocessed wheat and
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35 grains of white wheat flour, harvested in 2014 in Romania,
the DON levels were determined at 110-1787 ug/kg in 8 wheat
samples and 190 pg/kg in 1 wheat flour sample (Stanciu et al.,
2017). As a result of our work and similar studies carried out
around the world, it can be concluded that DON exposure is
common in cereals, especially in corn flour. In 2016, the joint
press release made by the International Agency for Research
on Cancer and the World Health Organization called for action
against widespread mycotoxin contamination in developing
countries: “Worldwide, more than 160 million children under
the age of five are stunted. Improving mycotoxin control can
have far-reaching health benefits. The time has come to mobilize
existing knowledge and technology to control mycotoxin food
contamination in low-income countries” (International Agency
for Research on Cancer, 2016, p. 242). Therefore, studies in
cereals and cereal-derived foods on a regular basis are required
to assess the risk of DON exposure in developing countries, and
especially in children.

From Tables 5-8, the OTA was detected in 11 of the 96
samples (0.87-6.97 ug/kg) (LOD-LOQ = 0.03-0.10 pg/kg). From
the results, OTA was detected in 3 corn flours (1.51-2.23 ug/kg)
and 8 whole wheat flours (0.87-6.97 pg/kg). The highest OTA
level was found in the packaged whole wheat flour sample
(6.97 ug/kg) purchased from the market. In a study, 34 wheat
flour, 14 whole wheat flour, and 10 corn flour sample were taken
from various markets and bakeries in Bursa province in Tiirkiye
and OTA levels were determined at 6.89 + 0.46 pg/kg in wheat
flour, 9.3 + 1.33 pg/kg in whole wheat flour and 6.93 + 1.10 pg/kg
in corn flour (Cengiz et al., 2007). In another OTA study, with 60
wheat flour, 24 corn flour, and 16 rice flour, OTA was detected
at 0.11-0.92 pg/kg in 27% of the wheat flour, 0.06-0.59 pg/kg
in 42% of the corn flour, and 0.06-0.21 pg/kg in 19% of the rice
flour (LOD-LOQ, 1-20 ng/mL) (Kara et al,, 2015). In a study
conducted in Tiirkiye in 2000, OTA levels were investigated in
100 food samples such as wheat, corn, and corn flour. OTA was
detected in 1 ashura wheat (0.27 pg/kg), 2 grains of corn (1.79-
9.84 ug/kg) samples (Kargozlii & Karapinar, 2000). In another
study, OTA levels in 811 plant-based samples were examined,
including cereals and cereal-based products, and it was determined
that 37.5% of the cereals and cereal-based samples contained an
average of 0.77 pg/kg of OTA (Cengiz et al., 2007). The level of
OTA was investigated in 106 cereals and cereal-based samples
taken from the markets in Qatar; OTA was detected in 11%
of the samples (0.18-6.81 ug/kg) (Jiao et al., 1994). In another
study conducted with samples from 60 cereals and cereal-based
markets, average OTA levels of 1.08, 0.42, and 0.17 pg/kg were
found in corn, wheat, and barley, respectively (LOD-LOQ,
0.01-0.02 pg/kg) (Zinedine et al., 2006). In 83 organic and
non-organic rice, wheat, barley, rye, corn, and oat samples
obtained from Spain and Portugal, it was determined that 22%
of the samples contained OTA at the levels of 0.2-27.10 pg/kg
(Juan et al., 2008). Kumar et al. (2012) investigated the OTA
levels in 50 wheat samples in India. It was determined that 29
of the samples contained OTA between 1.36-21.17 ug/kg and 13
samples exceeded the limit set by the EU (5 pug/kg) (LOD-LOQ,
3.3-10 ng/mL) (Kumar at al., 2012). In a study conducted in
Poland in 2019, OTA was detected in 13 of the 113 wheat flours
(0.7-5.8 ug/kg) and in 3 of the 45 corn flours (0.7-1.6 pg/kg) (Lee
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& Ryu, 2017). Different studies on cereals show the frequency
of OTA exposure in whole wheat flour and corn flour, as in our
study. Therefore, more frequent studies of cereals and cereal-
derived foods are needed to assess the risk of OTA exposure.

4 Conclusion

Today, cereal and cereal products are consumed more
especially in low-income countries because they are both cheap
and easy to access. However, contamination of crops, especially
cereals, by molds during the pre-harvest and post-harvest stages
can lead to the production of secondary toxic metabolites
known as mycotoxins. It is demonstrated in many clinical
studies, mycotoxins are harmful to human health due to their
chronic effects such as carcinogenic, teratogenic, immunotoxic,
nephrotoxic, and estrogenic effects. As a result of our work and
similar studies carried out around the world, it can be concluded
that DON exposure is common in cereals, especially in corn
flour. In our study, the level of DON was higher in 4 of the 25
detected samples than LOQ, and OTA was higher in 6 of the
11 detected corn and wheat flour samples. Since DON and
OTA exposure can be observed frequently in cereals and may
increase to possible risky levels, further work should be done
to determine the precautions necessary to minimize the risks
of contamination.
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