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Summary Mycotoxins are toxic, hazardous chemicals that affect human and animal health. The
most common problem that importers are facing when importing cereals from main
supplying countries is contamination with mycotoxins. The aim of the present study was
to assess the presence of deoxynivalenol (DON) and fumonisins (FUM) in cereals and
derived products. A total of 225 samples (60 wheat, 60 maize, 40 rice, 40 pasta and
25 maize chip) collected from Turkey were analysed by high performance liquid chro-
matographic (HPLC) method. The method performance was satisfactory and allowed
to quantify target analytes accurately. DON was determined in 6.7% of wheat samples
with a range of 158-653 pg/kg. Only two rice and two pasta samples contain trace
amounts of DON, while no DON was detected in maize and maize chip products. Eleven
maize samples (18.3%) contained fumonisin B, (FB,), but levels (125-830 ug/kg) were
below the European Union maximum level of 4000 ug/kg. FB, was not detected in any
wheat and rice sample, but it was detected in just one pasta and one maize chip sample.
It is recommended to further monitoring both of free and modified Fusarium toxins in
cereals and derived products throughout Turkey.
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Introduction

Mycotoxins are a group of naturally occurring contami-
nants produced by toxigenic fungi and have been linked to
long-term chronic effects on health, including the induc-
tion of cancers and immune deficiency. Among the known
mycotoxins, aflatoxins (AFs), ochratoxin A (OTA), deo-
xynivalenol (DON) and fumonisins (FUM) occur most
frequently in food and feed, and pose significant threat to
human health (Sweeney and Dobson, 1998).

DON and FUM are synthesized mainly by Fusarium
species and occur predominantly in cereal grains in the
field as well as cereal-based foods. DON is the most pre-
valent among Fusarium toxins and an important indicator
of Fusarium Head Blight occurrence in wheat. It is syn-
thesized mainly by Fusarium graminearum and Fusari-
um culmorum (EFSA, 2013). DON has been associated
with vomiting, anorexia and weight gain suppression in
animals. However, there is a lack of data about DON toxi-
city during human long-term exposure. In 2010, the Joint
FAO/WHO Expert Committee on Food Additives esta-
blished a provisional maximum tolerable daily intake of
1 pg/kg body weight per day for DON and its acetylated
derivatives (3-acetyl DON and 15-acetyl DON) (EFSA,
2017).

FUM are produced mainly by Fusarium verticillioi-
des and Fusarium proliferatum. FUM occur worldwide,
predominantly in maize and maize-based products and,
to a lesser extent, in wheat and other cereals including
their derived products. While FUM can be divided into
four groups (A-, B-, C-, and P-type), B-type FUM, such
as fumonisin B, (FB,), fumonisin B, (FB,), fumonisin B,
and fumonisin B, are the most prominent. FB, is the most
significant in terms of occurrence and toxicity. It has been
reported that FB, caused several toxic effects varied from
hepatotoxicity and renal toxicity in rats, pulmonary oede-
ma and hydrothorax in pigs, and leukoencephalomalacia
in horses. While several observations on the health effects
of FUM have been discussed in humans, further studies
to investigate the association of FUM exposure with can-
cer risk, liver cancer, child growth impairment, and neural
tube defects in humans are needed. The Panel on Conta-
minants in the Food Chain established a tolerable daily
intake for FB _, of 1 pg/kg body weight per day (EFSA,
2018).

The International Agency for Research on Cancer
(IARC) evaluated the carcinogenicity of some natural-
ly occurring substances in 1993 and classified FB, in the
Group 2B as a “possible human carcinogen”, while DON
was placed in Group 3, not classifiable as to its carcino-
genicity to humans (IARC, 1993). In order to protect pub-
lic health, many countries have reported maximum levels
(MLs) for certain contaminants in food products. MLs
for six groups of mycotoxins (AFs, OTA, FUM, DON,
zearalenone and patulin) are laid down in Commission
Regulation EC (No) 1881/2006 (EC, 2006b). This regula-
tion has been amended with Commission Regulation EC
(No) 1126/2007 to revise MLs for Fusarium toxins in mai-
ze and maize products (EC, 2007).

While nuts products are the major source of human
exposure to AFs, cereals seem to be the main source of Fu-
sarium toxins (DON, FUM etc.) (EFSA,2013; EFSA, 2014)
and OTA (EFSA, 2006). Wheat is Turkey’s main food
staple, followed by maize (TUIK, 2018). However, few
data about DON and FUM contamination of cereals and
cereal-based products from Turkey. The main objective of

the present study was therefore to investigate DON and
FUM (FB, and FB,) occurrence in wheat, maize, rice, pasta
and maize chip samples collected from Turkey.

Materials and methods

Samples

A total of 225 samples of wheat (n= 60), maize (n= 60), rice
(n=40), pasta (n= 40) and maize chip (n=25) intended for
human consumption were collected from retail stores, su-
permarkets, wholesale places and grain-milling factories
in Turkey. All grain samples originated from the main pro-
duction areas of Turkey (Central Anatolia, Thrace, Medi-
terranean and Black Sea region). Concerning pasta, 90%
were durum wheat-based, and 10% were maize-based.
During the period of December 2017-November 2019, an
aggregate sample of at least 500 g of product (except for
maize chip) was taken. Due to the possible heterogeneous
distribution of target analytes in products, the aggregate
samples were ground with milling machines (C.W. Braben-
der Instruments, Inc., Germany and IKA®, Germany) and
homogenised. All milled samples were stored in plastic
bags at —18 °C to prevent any further mould development
and mycotoxin production until analysis.

Chemicals, reagents and standards

Acetonitrile and methanol were purchased from Sigma—
Aldrich (St. Louis, MO, USA) and were of high-perfor-
mance liquid chromatography (HPLC) grade. Anhydrous
monobasic potassium phosphate, sodium phosphate di-
basic, o-phthaldialdehyde (OPA, =99%) and 2-mercapto-
ethanol (299%) were also procured from Sigma-Aldrich
(St. Louis, MO, USA). Potassium chloride was from VWR
International (Leuven, Belgium). Ortho-phosphoric acid
(85%), di-sodium tetraborate decahydrate, sodium hy-
droxide and sodium chloride were supplied from Merck
(Darmstadt, Germany). Ultrapure water was produced
using a Milli Q water purification system (Millipore, Mols-
heim, France).

The DONtest™ (product code: G1005) and Fumoni-
Test™ (product code: G1008) immunoaffinity columns
(IACs) were procured from Vicam® (Watertown, MA,
USA). Mycotoxin standards (DON, FB, and FB,) were
purchased from Sigma-Aldrich (St. Louis, MO, USA).
DON stock standard solution (200 pg/mL) was prepared
in methanol. FB, and FB, stock standard solutions were
combined to prepare a mixed working standard solution in
acetonitrile-water (50:50, v/v) (50 ug/mL for each).

Sample extraction and IAC clean-up

DON was extracted from cereals and cereal-based samples
according to the method developed by Cahill et al. (1999).
A representative sample of 25 g was extracted with 100 mL
of water. A volume of 2 mL of filtered extract was diluted
with 18 mL of water and filtered with a glass microfiber
filter. The whole filtrate was then passed through Vicam®
DONTtest™. After washing step, DON was eluted from the
column with 1 mL of methanol (2 x 0.5 mL), and then the
eluate was diluted with 1 mL of purified water.

FUM extraction from grain samples was slightly dif-
ferent, it was performed following the AOAC Official
method 2001.04 (Visconti et al. 2001), based on Shephard
et al. (1990), with slight modifications. FUM were extrac-
ted from grain samples with acetonitrile-methanol-water
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(25:25:50, v/v/v) and 2.5 g of NaCl. An aliquot (10 mL) of
each filtered extract was diluted with 40 mL of phospha-
te-buffered saline solution and cleaned up by Fumoni-
Test™. FUM were eluted from the IACs with 1 mL of me-
thanol. The eluate was evaporated just to dryness, and the
residue was dissolved in 1 mL of acetonitrile-water (50:50,
v/v). A volume of 200 pL of the reconstituted grain extract
was then transferred into an HPLC vial, and 200 uL OPA
based reagent was added to form fluorescent FUM deri-
vatives.

Chromatographic analysis

The equipment used for the determination of DON and
FUM was reversed-phase HPLC (Shimadzu, Tokyo,
Japan) coupled with photodiode array (HPLC-PDA) and
fluorescence detectors (HPLC-FLD), respectively. An
inertsil® ODS-3 analytical column (150x4.6 mm, 5 pm,
GL Sciences Inc., Japan) was used. The isocratic eluents
of water-methanol (85:15, v/v) and methanol-0.1M NaH-
,PO, (77:23, v/v) for DON and FUM analyses, respective-
ly, were eluted at 1 ml min~'. The injection volumes were
100 uL. PDA detector was set at 219 nm.

For the determination of FB, and FB,, the analyses
were performed on HPLC-FLD after pre-column deriva-
tization with OPA based reagent. Due to the FUM are not
fluorescent, OPA derivatives of FUM were prepared and
injected onto the HPLC-FLD system within 30 seconds.
Fluorescence detector programme was as follows: 335
nm for excitation and 440 nm for emission. The retention
times were about 6.5, 14.5, and 23 min for FB, FB, and
DON, respectively.

Method validation

The determination of DON and FUM in cereals and ce-
real-derived products was in-house validated with respect
to the linearity, limit of detection (LOD), limit of quanti-
fication (LOQ), recovery and repeatability. Linearity was
constructed over a concentration range of 100-2000 pg/L
for DON, and 25-5000 pg/L for both FB, and FB,.

The sensitivity (method LOD and LOQ), recovery and
repeatability were assessed by spiked experiments using
blank samples of wheat, maize, rice and pasta. Method
LOD and LOQ values were assessed by analysing eight
independent blank wheat, maize, rice and pasta matrices
spiked with 100 ug/kg for DON, 50 ug/kg for FB, and 50
pg/kg for FB,. LOD and LOQ values were calculated as 3
and 10 times the standard deviation of replicate analyses
(n=8). The recovery of DON and FUM were determined
at a level of 250 pg/kg in wheat, maize, rice and pasta ma-
trices in five replicates. The repeatability of the method
was calculated by performing recovery experiments (n=
5) and was expressed as the relative standard deviation
(RSD, %).

TABLE 1: The validation data.

Results and discussion

Validation data

The calibration curves were linear over the concentration
ranging from 100 to 2000 pg/L for DON, and from 25 to
5000 pg/L for both FB, and FB,. For target analytes, the
coefficient of determination (R?) calculated by linear re-
gression was higher than 0.99.

Table 1 summarizes validation data. LODs of DON,
FB, and FB, in different matrices were in the range of
15.1-16.7,14.3-14.8 and 12.7-13.6 nug/kg, respectively, whi-
le LOQs were in the range of 50.3-55.8, 47.6-49.2 and
42.2-45.4 ug/kg for DON, FB, and FB,, respectively. As
LOQ values were below the EU MLs, the methodology
could be considered adequate for these mycotoxins mea-
surement in cereals and products thereof. Good recoveries
(85.4-93.1% for DON, 91.7-93.9% for FB, and 91.1-93.4%
for FB,) and intra-day repeatabilities (RSDr) (4.75-7.34%
for DON, 5.04-7.12% for FB, and 4.32-6.04% for FB,)
were obtained, which were in the range of performance
criteria set in the Commission Regulation No 401/2006:
Recoveries of 60-110% and 60-120%, and RSD values of
<20% and =30% for DON and FUM, respectively, for the
mass fraction of 250 pg/kg (EC, 2006a).

Occurrence of DON and FUM in cereals

and derived products

Table 2 shows DON and FUM incidence and levels in whe-
at, maize, rice, pasta and maize chip. Simultaneous occur-
rence of DON and FUM was not observed in analysed
samples. DON was detected above the LOD in only two
rice samples (72.4 and 106. 3 pg/kg), but no positive fin-
dings were recorded for maize and maize chip. Contami-
nation of pasta with DON was only found in two (durum
wheat-based) out of 40 analysed samples at levels of 52.2
and 61 pg/kg. In wheat, DON was detected in 4 out of 60
samples, but at levels lower than the EU ML of 1250 pg/kg.
DON levels in wheat ranged from 158 to 653 pg/kg, with
lower bound and upper bound averages of 20.7 and 35.9
ng/kg, respectively.

These values are much lower than a previous observa-
tion by Sahindokuyucu et al. (2010) who detected DON
in 38.3% of 60 maize silage samples in the range of 24.2—
100.3 pg/kg. In another report, DON occurred in 7 out of
65 wheat and wheat-based products (11%) and 6 maize
and maize-based products (9%) commercialized in Turkey
ranging from 132 to 9589 pg/kg (Bakirci, 2014).

Ithas been observed that DON is most frequently found
and at higher concentrations in wheat when compared to
other cereals. In wheat samples, the incidence of DON
was 100% (203-4130 pg/kg) in Austria (Berthiller et al.
2009), 74.4% (14.5-41157 pg/kg) in China (Ji et al. 2014),
65% (115-278 pg/kg) in Croatia (Pleadin et al. 2012), 3.5%
(>54-4590 pg/kg) in Czech Republic (Polisenska et al.

Matrix DON FB, FB,
LOD LOQ Recovery RSD, LOD LOQ Recovery RSD, LOD LOQ Recovery RSD,
(ug/kg) (ug/kg) (%) (%, n=5) | (ug/kg) (ug/kg) (%) (%, n=5) | (ug/kg) (ug/kg) (%) (%, n=5)
Wheat 16.3 541 86.0 734 14.8 49.2 939 5.04 13.6 454 91.6 6.04
Maize 151 50.3 93.1 475 143 476 94.2 712 127 422 925 5.81
Rice 16.7 55.8 85.4 5.99 14.5 485 91.7 5.78 131 437 911 448
Pasta 15.9 52.8 89.5 5.13 145 48.4 93.1 6.45 13.0 43.2 93.4 432

RSD: Intra-day repeatability
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2008), 96.7% in (>4-5510) pg/kg) in Finland (Nathanail
et al. 2015), 72% (230-1880 pg/kg) in Hungary (Tima et
al. 2016), 59.5% (13-1230 pg/kg) in Italy (Alkadri et al.
2014), 34.5% (57-1840 pg/kg) in Serbia (Jaji¢ et al. 2008)
and 62% (>300-6178) in Spain (Vidal et al. 2013).

While no measurable amounts of DON were detected,
during the present study, in any maize and maize chip
sample, different studies conducted in various countries
showed DON occurrence in maize samples with diffe-
rent incidence levels: 100% (42-3680 pg/kg) in Austria
(Berthiller et al. 2009), 72.5% (18-273 ug/kg) in Came-
roon (Njobeh et al. 2010), 84% (170-2630 pg/kg) in Ca-
nada (Tran et al. 2012), 71% (215-2942 pg/kg) in Croatia
(Pleadin et al. 2012), 86% (225-2963 ng/kg) in Hungary
(Tima et al. 2016) and 32% (27-2460 ug/kg) in Serbia (Ja-
ji¢ et al. 2008). These differences could be due to climate
difference, agricultural practices, seasonal variances, pes-
ticide use, storage conditions, etc. However, this study is in
compliance with the result obtained by Hanvi et al. (2019),
who did not detect DON in any of the 55 maize samples
from Togo.

Among the cereals, rice is the third most important
crop in Turkey daily intake preceded by wheat and maize
(TUIK 2018). This is the first data dealing with DON con-
tamination of rice cultivated in Turkey. However, Turkey
climatic conditions are more favourable to ochratoxigenic
mould growth in rice. During a previous study that we per-
formed, OTA was found in 3 out of 58 rice samples (5.2%)
up to a level of 0.98 ug/kg (Golge and Kabak, 2016).

Regarding DON incidence in pasta, similar results
were recorded in a study conducted in Thailand by Poa-
polathep et al. (2008). However, DON levels (170 and 350
pg/kg) were higher than those found during the present
survey. In 2003 DON was found in 44% of pasta samples
(8/17) with a range of concentration of 9-77 pg/kg and with
an average concentration of 19 pg/kg (Cirillo et al. 2003).
In Spain, DON was determined in 62.7% of pasta samples
(47/75) with a range of 10.9-623 ng/kg (Gonzélez-Osnaya
et al. 2011). In the Netherland, four of the 26 pasta samples
contained DON with levels of 91-295 pg/kg (De Nijs et al.
2016). In our recent study, we found that DON occurred

only in one out of 10 pasta samples at a trace amount (49.3
pg/kg) (Golge and Kabak, 2020).

FB, and FB, were absent in wheat and rice samples,
while only one maize-based dry pasta and one maize
chip sample contained FB, at a trace amount. No FB, was
detected in all maize samples, while FB, was found in 11
out of 60 maize samples (18.3%), but at levels lower than
EU ML of 4000 pg/kg. FB, concentrations in maize sam-
ples ranged between 125 and 830 pg/kg, with an average
middle bound level of 97.5 pg/kg.

These values are well below than FUM concentrations
of maize and maize based products reported in the lite-
rature. Bakirct (2014) observed that 74% of maize and
maize-based products (42 out of 57 samples) commercia-
lised in Turkey contained FB, up to a level of 9589 ug/kg.
In another study conducted in Turkey, Ocak and Bostan
(2010) found FB, in 56% of maize flour samples at levels
ranging from 257 to 5580 ug/kg. They also reported FB,
exceeding the EU ML in 24% of maize flour samples (6
samples). Among cereals, maize is known to have a high
risk not only for FUM but also for AFs contamination.
The climates of Turkey are more favourable for AFs-pro-
ducing fungi and AFs are the main mycotoxin group in
agricultural products. In our previous study, aflatoxin B1
was detected in 66.7% of maize flour samples up to a level
of 1.12 pg/kg (Kara et al. 2015).

There are many reports worldwide based on the presen-
ce of FUM in various cereals and cereal-based products.
In more than half of maize samples from different origins
including Cameroon (55%, 37-24225 pg/kg) (Njobeh et al.
2010), China (92.5%, 200-37000 pg/kg) (Sun et al. 2011),
Croatia (90%, 37-4438 ng/kg) (Pleadin et al. 2012), Ser-
bia (100%, 880-2950 pg/kg) (Krnjaja et al. 2013) and Togo
(88%,101-1838 ug/kg) (Hanvi et al. 2019) FB, was detected.

With regard to maize and maize-based products, a total
of 228 RASFF notifications were received between the
years 2002 and 2018. AFs and FUM in maize and maize
products are the most recurrent issues with 121 and 82 no-
tifications, respectively. Of these 82 notifications on FUM,
more than half (46 notifications) were originated from
Italy. There were also five notifications concerned with

TABLE 2: The incidence and concentration of DON and FUM in cereals and derived products.

Food product Parameter DON FB, FB, FUM (FB,+FB,)
Wheat (n = 60) No. positive samples? (%) 4(6.7) -b - -

Range (min-max, pg/kg) 158-653 - - -

Mean of positive samples (ug/kg) 310 - - -

MB (LB-UB, pg/kg) 28.3(20.7-35.9) 7.4(0-14.8) 6.8(0-13.6) 14.2 (0-28.4)
Maize (n = 60) No. positive samples? (%) - 11(18.3) - 11(18.3)

Range (min-max, pg/kg) - 125-830 125-830

Mean of positive samples (ug/kg) - 500 500

MB (LB-UB, pg/kg)* 76 (0-15.1) 97.5(91.7-103.3) 6.3(0-12.7) 102.7 (91.7-113.3)
Rice (n = 40) No. positive samples? (%) 2(5) - - -

Range (min-max, pg/kg) 72.4-106.3 - - -

Mean of positive samples (ug/kg) 894 - - -

MB (LB-UB, pgrkg)* 124(45-203)  73(0-14.5) 6.6(0-13.1) 13.8(0-27.6)
Pasta (n = 40) No. positive samples? (%) 2(5) 125 - 1(2.5)

Range (min-max, pg/kg) 52.2%-61.0 476° - 476

Mean of positive samples (ug/kg) 56.6 476 - 476

MB (LB-UB, pg/kg) 104(28-179)  83(1.2-153) 6.5(0-13.0) 14.6(1.2-28.0)
Maize chip (n = 25) No. positive samples? (%) - 1(4) - 1(4)

Range (min-max, pg/kg) - 107 - 107

Mean of positive samples (ug/kg) - 107 - 107

MB (LB-UB, pg/kg)* 76 (0-15.1) 11.1 (4.3-18.0) 6.3(0-12.7) 17.2 (4.3-30.2)

? Positive samples: Mycotoxin level = LOD; ® -, not detected, i. e., below LOD; < MB (LB-UB): middle bound (lower bound-upper bound). LB: results below the LOD were replaced with
0, MB: results below the LOD were replaced with LOD/2, UB: results below the LOD were replaced with the value of LOD; ¢ < LOQ
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simultaneous occurrence of high levels of AFs and FUM
in maize.

Limited studies have shown no discernable FUM risk
in pasta. In a previous study by Cirillo et al. (2003), no
FB, was found in pasta samples commercialised in Italy.
Similarly, Tolosa et al. (2017) could not detect FB, and FB,
in 58 durum wheat pasta collected from local markets of
Italy. During the period of 2002-2018, there were only 7
RASFF notifications on mycotoxins in pasta, 4 of which
concerning DON, 2 of which concerning FUM and one
of which concerning OTA. However, this is the first data
about FUM contamination in dry pasta commercialised
in Turkey. It is not surprised that FB -positive pasta sam-
ple was maize-based, due to maize is more susceptible to
FUM contamination than wheat.

Conclusions

This study was designed to measure DON and FUMs
contamination in cereals and cereal-derived products
commercialised in Turkey using the HPLC method. The
sensitivity of the analytical method is suitable to meet the
limit of target mycotoxins established in the EU legisla-
tion, and the validation parameters meet the requirements
of performance criteria set in the Commission Regulation
No 401/2006. The present study observed that there is no
reason to be concerned about DON and FUM incidence
in cereals and products thereof from Turkey. However, the
contamination level varies from year to year depending on
the climatic region and climatic season, and thus conta-
mination range may be wider. Further studies are nee-
ded to determine not only free Fusarium toxins but also
their modified or bound forms in cereals and cereal-based
foods.

Acknowledgements

This work was supported by the Scientific and Techni-
cal Research Council of Turkey (TUBITAK, project no.
2140671) and the Scientific and Research Council of Hitit
University (project no. MUH19004.17.005).

Conflict of interest

The authors declare that there are no conflicts of interest.

References

Alkadri D, Rubert J, Prodi A, Pisi A, Maiies J, Soler C (2014):
Natural co-occurrence of mycotoxins in wheat grains from
Italy and Syria. Food Chem 157: 111-118.

Bakirc1 G (2014): Determination of aflatoxin, ochratoxin A, zea-
ralenone, fumonisin and deoxynivalenol mycotoxins in cere-
als and cereal based products. Academic Food J 12: 46-56.

Berthiller F, Dall’asta C, Corradini R, Marchelli R, Sulyok M,
Krska R, Adam G, Schuhmacher R (2009): Occurrence of
deoxynivalenol and its 3-B-D-glucoside in wheat and maize.
Food Addit Contam Part A 26: 507-511.

Cahill LM, Kruger SC, McAlice BT, Ramsey CS, Prioli R, Kohn
B (1999): Quantification of deoxynivalenol in wheat using an
immunoaffinity column and liquid chromatography. J Chro-
matogr A 859: 23-28.

Cirillo T, Ritieni A, Galvano F, Cocchieri RA (2003): Natural
co-occurrence of deoxynivalenol and fumonisins B, and B, in
Italian marketed foodstuffs. Food Addit Contam 20: 566-571.

De Nijs M, Van den Top H, De Stoppelaar J, Lopez P, Mol H
(2013): Fate of enniatins and deoxynivalenol during pasta
cooking. Food Chem 213: 763-767.

European Commission (EC) (2006a): Commission regulation
(EC) No 401/2006 of 23 February 2006 laying down the met-
hods of sampling and analysis for the official control of the le-
vels of mycotoxins in foodstuffs. Off J Eur Union L 70: 12-34.

European Commission (EC) (2006b): Commission Regulation
(EC) No 1881/2006 of 19 December 2006 setting maximum
levels for certain contaminants in foodstuffs. Off J Eur Union
L 364:5-23.

European Commission (EC) (2007): Commission Regulation
(EC) No 1126/2007 of 28 September 2007 amending Regu-
lation (EC) No 1881/2006 setting maximum levels for certain
contaminants in foodstuffs as regards Fusarium toxins in mai-
ze and maize products. Off J Eur Union L 255: 14-17.

European Food Safety Authority (EFSA) (2006): Opinion of
the scientific panel on contaminants in the food chain on a
request from the commission related to ochratoxin A in food.
Question No EFSA-Q-2005-154. EFSA J 365: 1-56.

European Food Safety Authority (EFSA) (2013): Statement on
the risks for public health related to a possible increase of the
maximum level of deoxynivalenol for certain semi-processed
cereal products. Question No EFSA-Q-2013-00703. EFSA J
11: 1-56.

European Food Safety Authority (EFSA) (2014): Scientific opi-
nion on the risks for human and animal health related to the
presence of modified forms of certain mycotoxins in food and
feed. EFSA J 12: 3916.

European Food Safety Authority (EFSA) (2017): Risks to hu-
man and animal health related to the presence of deoxyniva-
lenol and its acetylated and modified forms in food and feed.
Question No EFSA-Q-2013-00721. EFSA J 15: 1-345.

European Food Safety Authority (EFSA) (2018): Scientific
opinion on the appropriateness to set a group health-based
guidance value for fumonisins and their modified forms.
Question No EFSA-Q-2015-00227. EFSA J 16: 1-75.

Golge O, Kabak B (2016): First report: exposure estimates to
ochratoxin A through wheat bread and rice intake in Turkey.
J Cereal Sci 69: 213-217.

Golge O, Kabak B (2020): Occurrence of deoxynivalenol and
zearalenone in cereals and cereal products from Turkey. Food
Control 110: 106982.

Gonzalez-Osnaya L, Cortés C, Soriano JM, Molt6 JC, Maiies J
(2011): Occurrence of deoxynivalenol and T-2 toxin in bread
and pasta commercialised in Spain. Food Chem 124: 156-161.

Hanvi DM, Lawson-Evi P, De Boevre M, Goto CE, De Saeger
S, Eklu-Gadegbeku K (2019): Natural occurrence of my-
cotoxins in maize and sorghum in Togo. Mycotoxin Res 35:
321-327.

International Agency for Research on Cancer (IARC) (1993):
Some naturally occurring substances, food items and consti-
tuents, heterocyclic aromatic amines and mycotoxins. Lyon,
France: IARC Press:56: 489-521.

Jaji¢ I, Juri¢ V, Glamo¢i¢ D, Abramovi¢ B (2008): Occurrence
of deoxynivalenol in maize and wheat in Serbia. Int J Mol Sci
9:2114-2126.

JiF, Xu J, Liu X, Yin X, Shi J (2014): Natural occurrence of deo-
xynivalenol and zearalenone in wheat from Jiangsu province,
China. Food Chem 157: 393-397.

Kara GN, Ozbey F, Kabak B (2015): Co-occurrence of aflatoxins
and ochratoxin A in cereal flours commercialized in Turkey.
Food Control 54: 275-281.

Krnjaja V, Levi¢ J, Stankovi¢ S, Petrovi¢ T, Tomi¢ Z, Mandié
V, Bijeli¢ Z (2013): Moulds and mycotoxins in stored maize
grains. Biotechnol Anim Husb 29: 527-536.

Nathanail AV, Syvihuoko J, Malachova A, Jestoi M, Varga E,
Michlmayr H, Adam G, Sievilidinen E, Berthiller F, Peltonen
K (2015): Simultaneous determination of major type A and
B trichothecenes, zearalenone and certain modified metabo-
lites in Finnish cereal grains with a novel liquid chromatogra-

Die Inhalte sind urheberrechtlich geschitzt. Eine Weitergabe an unberechtigte Dritte ist untersagt.



Ausgabe flr imr:livelyzachary
Journal of Food Safety and Food Quality 72, Heft 3 (2021), Seiten 73-108

Die Inhalte sind urheberrechtlich geschitzt. Eine Weitergabe an unberechtigte Dritte ist untersagt.

The contents are protected by copyright. The distribution by unauthorized third parties is prohibited.

phy-tandem mass spectrometric method. Anal Bioanal Chem
407: 4745-4755.

Njobeh PB, Dutton MF, Koch SH, Chuturgoon A A, Stoev SD,
Mosonik JS (2010): Simultaneous occurrence of mycotoxins
in human food commodities from Cameroon. Mycotoxin Res
26: 47-57.

Ocak AQO, Bostan K (2010): Presence of fumonisin in the
corn-based foods marketed in Istanbul. Journal of the Faculty
of Veterinary Medicine, Istanbul University 36: 47-52.

Pleadin J, Sokolovié¢ M, Persi N, Zadravec M, Jaki V, Vuli¢ A
(2012): Contamination of maize with deoxynivalenol and zea-
ralenone in Croatia. Food Control 28: 94-98.

Poapolathep A, Poapolathep S, Klangkaew N, Sugita-Konishi
Y, Kumagai S (2008): Detection of deoxynivalenol contami-
nation in wheat products in Thailand. J Food Prot 71: 1931-
1933.

Polisenska I, Sykorova S, Matéjova E, Chrpova J, Nedomova L
(2008): Occurrence of deoxynivalenol in Czech grain. World
Mycotoxin J 1: 299-305.

Shephard GS, Sydenham EW, Thiel PG, Gelderblom WCA
(1990): Quantitative determination of fumonisins B, and B,
by high-performance liquid chromatography with fluorescen-
ce detection. J Liquid Chromatogr 13: 2077-2087.

Sun G, Wang S, Hu X, Su J, Zhang Y, Xie Y (2011): Co-conta-
mination of aflatoxin B, and fumonisin B, in food and human
dietary exposure in three areas of China. Food Addit. Con-
tam. 28, 461-470.

Sweeney MJ, Dobson ADW (1998): Mycotoxin production by
Aspergillus, Fusarium and Penicillium species. Int J Food
Microbiol 43: 141-158.

Sahindokuyucu F, Mor F, Oguz MN, Oguz FK (2010): Investi-
gation of mycotoxins occurrence and levels in silages samples
collected in Burdur province. Uludag University Journal of
the Faculty of Veterinary Medicine 29: 49-54.

Sie interessieren sich flir ein
Abonnement des ,,Archivs”?

(0 51 81) 80 02-50
(0 51 81) 80 02-55
heiko.schaper@p-d-ges.de

Telefon
Telefax
E-Mail

Sie interessieren sich fiir Anzeigen-

oder Beilagenwerbung?
Telefon (0 51 81) 80 02-53
Telefax (0 51 81) 80 02-55
E-Mail anzeigen@p-d-ges.de

Ausgabe fiir imr:livelyzachary

Tima H, Briickner A, Mohacsi-Farkas C, Kisko G (2016): Fusa-
rium mycotoxins in cereals harvested from Hungarian fields.
Food Addit Contam Part B 9: 127-131.

Tolosa J, Graziani G, Gaspari A, Chianese D, Ferrer E, Maiies
J, Ritieni A (2017): Multi-mycotoxin analysis in durum wheat
pasta by liquid chromatography coupled to quadrupole orbi-
trap mass spectrometry. Toxins 9: 59.

Tran ST, Smith T, Girgis GN (2012): A survey of free and con-
jugated deoxynivalenol in the 2008 corn crop in Ontario,
Canada. J Sci Food Agric 92: 37-41.

Turkish Statistical Institute (TUIK) (2018): The summary of
agricultural statistics. http://tuik.gov.tr

Vidal A, Marin S, Ramos AJ, Cano-Sancho G, Sanchis V
(2013): Determination of aflatoxins, deoxynivalenol, ochra-
toxin A and zearalenone in wheat and oat based bran sup-
plements sold in the Spanish market. Food Chem Toxicol 53:
133-138.

Visconti A, Solfrizzo M, De Girolamo A (2001): Determination
of fumonisin B, and B, in corn and corn flakes by liquid chro-
matography: collaborative study. ] AOAC Int 84: 1828-1837.

Address of corresponding author:
Prof. Dr. Bulent Kabak

Hitit University

Faculty of Engineering

Department of Food Engineering
TR-19030 Corum

Turkey

bulentkabak@hitit.edu.tr

Presse Dienstleistungs-
gesellschaft mbH & Co. KG

RavenstraB3e 45 - 31061 Alfeld (Leine)
Postfach 16 42 - 31046 Alfeld (Leine)

Telefon (0 51 81) 80 02-0
Telefax (0 51 81) 80 02-55
E-Mail info@p-d-ges.de

Die Inhalte sind urheberrechtlich geschiitzt. Eine Weitergabe an unberechtigte Dritte ist untersagt.



