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Abstract

The consumption of cereal contaminated with mycotoxins poses a serious health risk for
humans and animals. The present work aims to evaluate the presence of mycotoxins in talkan,
a cereal-based food commonly consumed by the Turkic population. The presence of mycotoxins
was investigated in a total of 50 samples obtained from Kazakhstan. After a preliminary screening
using various ELISA kits, mycotoxins were confirmed and quantified by HPLC-MS/MS method.
More than 28% of the samples were positive for at least one mycotoxin. The calculated probably
daily intake for adults and children was 20% above the tolerable daily intake for aflatoxin B1 and
deoxynivalenol, while it was above 100% for zearalenone, indicating a high risk for the Kazakh
population. A total of 12 samples exhibited concentrations above the European maximum level
for ochratoxin A, zearalenone and deoxynivalenol, however, these values were within the limits
established by the Russia-Kazakhstan-Belarus Customs Union (TR CU 015/2011).

Key words: food-contamination, corn, fungi, HPLC-MS/MS, Kazakhstan

Introduction

Mycotoxins are toxins produced by filamentous
fungi. They are secondary metabolites with no apparent
function in the normal metabolism of the fungi. Investi-
gations into the presence of mycotoxins in feed and
food began in 1962 with the outbreak of turkey”X”
disease where 100000 of turkey poults died in England.

The deaths were due to the presence of a toxic sub-
stance produced by Aspergillus flavus fungus, the toxin
was termed aflatoxin (Nesbitt et al. 1963). Since then,
more than 400 different mycotoxins have been reported
worldwide with molecular weights ranging between
50 and > 500 Da (Betina 1984). Health effects caused
by the consumption of mycotoxins depend on various
factors including the type of mycotoxin, its concentra-
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tion, the route and duration of exposure, mode of ac-
tion of the toxin, animal species, gender, age and body
weight.

Aflatoxins, which include B1, B2, B3, B4, G1 and
G2, are among the main types of mycotoxins, they are
primarily produced by the fungi Aspergillus flavus and
parasiticus. These mycotoxins affect protein synthesis
due to their capacity to bind to DNA (Raisuddin 1993).
Aflatoxins have been shown to be extremely potent car-
cinogens in all animal species investigated and, more
recently, the International Agency for Research on
Cancer classified them as Group One as they are car-
cinogenic to humans (IARC 2012). Fumonisins are an-
other group of mycotoxins mainly produced by fungi of
the genus Fusarium (Marin et al. 2013). Their concen-
tration in food depends on alkaline solutions, water and
temperature, and their concentration in agricultural
crops depend on the climatic conditions, latitude, gen-
otype, spoilage and other fungal diseases (Soriano and
Dragacci 2004). Known toxic effects of fumonisins on
mammalian systems include acting as carcinogenic,
hepatotoxic and causative agent in leukoencephaloma-
lacia (Kellerman et al. 1990, Dutton 1996, D’mello et al.
1999) Trichothecenes are a group of sesquiterpenoid
mycotoxins that are commonly detected in food and in-
clude some of the most potent inhibitors of eukaryotic
protein synthesis, interfering in the initiation, elonga-
tion and termination steps (D’mello et al. 1999, EMAN
2003). Trichothecene deoxynivalenol is commonly
known as vomitoxin, it is mainly produced by Fusarium
graminearum and Fusarium culmorum pathogenic fun-
gi that grow on cereals (Marin et al. 2013). Adverse
health effects of deoxynivalenol have been reported af-
ter acute, short- or long-term administration. It is re-
sponsible for a decrease in food consumption (anorex-
ia) and emesis (vomiting). In 1993, the International
Agency for Cancer Research (IARC( placed deoxyni-
valenol in Group 3, not classifiable as to its carcinoge-
nicity to humans (IARC 1993). Zearalenone, previous-
ly known as F-2 toxin, is a non-steroidal estrogenic
mycotoxin that is biosynthesized through a polyketide
pathway by a variety of Fusarium fungi, including F.
graminearum (Gibberella zeae), F. culmorum, F. cerealis,
E equiseti, F. crookwellense and F. semitectum, which
are common soil fungi found in temperate and warm
countries (Bennett and Klich 2003). These fungi con-
taminate corn and to a lesser extent, barley, oats, wheat,
sorghum, millet and rice. Ochratoxin A is a metabolite
of different species of fungi including Aspergillus allia-
ceus, auricomus and Penicillium verrucosum (Pitt 1987,
Larsen et al. 2001, Bayman et al. 2002). Ochratoxin A is
associated with nephropathy in all animals studied to
date. Besides being recognized as nephrotoxic, ochra-
toxin A also shows hepatoxic, immunosuppressive,

teratogenic and carcinogenic behavior (Beardall et al.
1994, Pléstina 1996; Schlatter et al.1996).

Since 1962, mycotoxins have been detected in coun-
tries around the world. In particular, aflatoxins have
been confirmed in feed and food samples collected in
Europe (Marin et al. 2013), Japan (Taguchi et al. 1995),
Brazil (Caldas et al. 2002) and Morocco (Zinedine et
al. 2006). The occurrence of aflatoxins only in rice has
been reported in studies conducted in more than 10 dif-
ferent countries, for example, the United Kingdom,
Sweden, Brazil, Canada, Malaysia, India and Nepal
(Lim et al. 2015). Between 1993 and 1997, an outbreak
of mass mycotoxicosis occurred with fatal consequences
in pigs from southern Kazakhstan (Remele 2011). Yet,
research on aflatoxins in cereal and cereal-based food
products from the Republic of Kazakhstan is scarce.
A similar outbreak occurred with fumonisins, which
have been reported in cereal and cereal-based food
products in Asian countries, such as China (Guan et al.
2011) and Russia (Tutelyan et al. 2013) but no data exist
for the presence of fumonisins in cereal, cereal based
products or food from the Republic of Kazakhstan.
Data for deoxynivalenol in samples collected from
Mediterranean countries (Morroco, Italy, Spain and
Tunisia) have been reported by Serrano et al. (2012). In
2004, Tutelyan et al. (2013) conducted a research study
on this mycotoxin, where a total of 2166 samples of
wheat, rye, barley and maize harvested from 1989-2002
from several regions of Russia were analyzed. The
Krasnodar region was considered to be the major
Fusarium endemic region of Russia as deoxynivalenol
was detected in 69% of the samples. A completed
review of zearalenone occurrence was published in
2007 (Zinedine et al. 2007), contaminations have been
reported in China, which borders with Kazakhstan,
where 20% of corn and processed corn samples con-
tained measured levels of zearalenone (Pei et al. 2013).
Aflatoxins like fumonisins, deoxynivalenol, zearale-
none and ochratoxin A have been detected in cereal
and cereal-based food products collected in a large
range of countries including Brazil (Caldas et al. 2002),
Morocco, Italy, Spain and Tunisia (Serrano et al. 2012).

Regulations that focus on levels of mycotoxins in
food and feed have been gradually developed in several
countries. In 2003, a total of 100 countries had specific
regulations for these toxic compounds (FAO 2004). To
date, the maximum limits (MLs) for 13 different myco-
toxins or group of mycotoxins in cereal food-based
products have been established. These include the most
important mycotoxins namely, aflatoxins, fumonisins,
deoxynivalenol, trichothecenes, zearalenone and
ochratoxin A. In Europe, the MLs are included under
Regulation 1126/2007, while those for the Russia-
-Kazakhstan-Belarus Customs Union are covered by
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Table 1. Minimum and maximum permitted levels (ug/kg) of mycotoxin in cereals or food based-cereal products according
to European and Russia-Kazakhstan-Belarus Customs Union legislation.

Russia-Kazakhstan-Belarus

Customs Union Europe
Aflatoxin B1 5 0.10
Fumonisin B1 and B2 4000 200
Deoxynivalenol 700 200
Zearalenone 200 20
Ochratoxin A 5 0.50

the Technical Regulation of the Russia-Kazakhstan-Be-
larus Customs Union on the Safety of Grain. Table 1
compiles the MLs established for cereal in Europe and
the Russia-Kazakhstan-Belarus Customs Union.

Talkan is a traditional dish commonly consumed by
Turko-Mongol people of South Siberia and Central
Asia. The dish is based on flour from roasted grains
(millet, barley, wheat, oats or corn) that are mashed be-
tween two flat-faced stones and is prepared with hot
milk or water, salt, butter and sugar. It is particularly
consumed for its nutritional properties, being a source
of vitamins E and B, and with a high-calorie content
and a rational combination of simple and complex car-
bohydrates that contributed to facile digestiblility
(Tarasovskaya and Dzhakova 2012).

Considering the toxicity of mycotoxins, their fre-
quency of detection in cereal and cereal-based food,
the lack of information regarding their presence cere-
al-based food products from the Republic of Kazakh-
stan and that talkan is a traditional in cereal-based
product frequently consumed by Turkic population,
this research aims to investigate the presence of
mycotoxins in talkan and evaluate the possible health
risk from its consumption by Kazakh population
with the use of screening (ELISA) and confirmatory
(HPLC-MS/MS) methods. This is the first report that
discusses the presence of mycotoxins in traditional
Turkic food and the possible risk for the population.

Materials and Methods

Chemicals, reagents and stock solutions

The chemical and chromatographic reagents used
were HPLC or analytical grade. Deoxynivalenol, ochra-
toxin A, zearalenone, aflatoxins B1, B2, G1 and G2
were purchased from Sigma-Aldrich (Steinheim,
Germany). Before use, the standard stock solutions
(20-200 mg/ml) were prepared in acetonitrile and
stored at -20°Cin the dark. Deionized water was prepared
using a Milli-Q system (Millipore Corporation, USA).

Sample origins

A total of 50 talkan samples were purchased from
local markets across various cities in Kazakhstan (Fig 1).

Analysis of mycotoxins by ELISA Kkits

Initially, all samples were analysed using five ELISA
kits obtained from EuroProxima (Arnhem, Nether-
lands) for cereal analysis of aflatoxins (Bl, B2, Gl
and G2), ochratoxin A, zearalenone, fumonisins and
deoxynivalenol. Each analysis was performed in dupli-
cate and following the manufacturer’s instructions.

For Aflatoxins detection the kit number 5121AFT
was employed. Briefly, 9 mL of 80% methanol was
added to 3 g of sample, the mixture was shaken for
30 min, centrifuged for 15 min (1509 X g) on a cen-
trigude from Ortoalresa Digicen (Madrid, Spain) and
50 L of the supernatant was added to the respective
well plate. The absorbance was read at 450 nm using on
a Digital and Analog Systems microplate reader from
Digital Analog System, model A3 (Rome, Italy).
The limit of detection (LOD) achieved with this kit was
0.5 ug/kg.

Fumonisins were detected with the kit number
5121FUM, the protocol of extraction was the same as
that indicated above for aflatoxins, but the LOD was
2 ug/kg for fumonisins.

The kit 5121Z0ON was employed for zearalenone
detection, 20 mL of 84% acetonitrile was addedtoa5 g
of sample, the mixture was shaken for 30 min, centri-
fuged for 15 min (1509 X g) and 50 uL of the superna-
tant was added to the respective well plate, the absor-
bance of the final extract was read at 450 nm and the
LOD with this kit was 12.5 ug/kg for zearalenone.

For the presence of deoxynivalenol the kit
5121DON was utilized. To Nineteen ml of Milli-Q
water was added 1 g of sample, like for the other Elisa
kits, the mixture was shaken for 30 min and centrifuged
for 15 min (1509 X g), then 50 uL of the supernatant
was added to the respective well plate and absorbance
read at 450 nm. The LOD of this kit was 1.5 ug/kg.
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Ochratoxin A was analysed with the kit 51210CH.
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methanol), which was run in gradient mode at a flow
rate of 1 mL/min. The temperature of the column was
set at 50°C during the analysis and the injection volume
was 20 uL. Each mycotoxin was identified based on two
multiple reaction monitoring transition (MRM) and
the retention time. The LOD declared by the labora-
tory was 0.9 ug/kg for aflatoxin B1, 0.5 ug/kg for ochra-
toxin A, 0.5 ug/kg for zearalenone, 0.5 ugkg for
fumonisin B1 and B2, and 0.6 ug/kg for deoxynivalenol.

Results

Zearalenone was the mycotoxin most frequently
detected; its presence was confirmed in 20% of the tal-
kan samples with the HPLC-MS/MS method; 10 sam-
ples were positive and the concentration ranged be-
tween 1.3 and 654 pg/kg and the mean concentration
was 201 ug/kg. The analysis with the screening test re-
vealed that only five samples were positive. This was
certainly due to the difference on the LODs between
the two methods as the LOD of the ELISA kit was
12.5 ug/kg and five samples had concentration below
this LOD. Regarding health risk, zearalenone was pres-
ent in the talkan samples between 6 to 33 times above
the ML of the EU Legislation (20 ug/kg) (Table 3);
five samples had zearalenone concentration above the
ML of the EU and four samples above the ML estab-
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Table 3. TDI (tolerable daily intake) and PDI (probable daily intake) for adult and children calculated from the mean and maximum

concentration of mycotoxins measured in talkan samples.

Mean measured concentration

Maximum measured concentration

Adults Children Adults Children
TDI PDI %TDI PDI %TDI PDI %TDI PDI %TDI
Aflatoxin Bl 0.015! 0.004 29 0.006 42 0.004 28 0.006 40
Ochratoxin A 0.122 0.010 8 0.015 12 0.032 27 0.047 39
Zearalenone 0.25° 0.287 115 0.419 168 0.934 374 1.363 545
Deoxynivalenol 1# 0.179 18 0.260 26 0.596 60 0.869 87

! Kuiper-Goodman and Scott (1989); 2 EFSA (2010); > EFSA (2014); “ EFSA (2013)

lished in the Technical Regulation of the Russia-Ka-
zakhstan-Belarus Customs Union (200 ug/kg) (TR CU
015/2011) indicating a clear food safety problem.

Ochratoxin A and deoxynivalenol were the second
and third mycotoxins more frequently detected. Their
presence was confirmed with the HPLC-MS/MS meth-
od in 9 samples (18% of the samples) and 8 samples,
respectively (18% and 16 % of the samples). The con-
centration ranged between 1.3 and 22.4 ug/kg (ochra-
toxin A) and between 1.8 and 417 ug/kg (deoxynivale-
nol), and the mean concentration was 7.3 and 125.3 ug/
kg for ochratoxin A and deoxynivalenol, respectively.
The lowest ML for the investigated mycotoxins is for
ochratoxin A with a ML of 0.5 ug/kg in Europe and 5
ng/kg for the Russia-Kazakhstan-Belarus Customs
Union. On the other hand, the highest ML is for de-
oxynivalenol, 3 samples had concentration above the
EU legislation (200 ug/kg) and none above the Rus-
sia-Kazakhstan-Belarus Customs Union legislation.

The mycotoxin least detected by the confirmatory
method was aflatoxin B1 ; this mycotoxin was measured
only in one sample at 2.9 ug/kg, the concentration was
above the ML set up in Europe (0.1 ug/kg) and below
the ML set up in the Russia-Kazakhstan-Belarus Cus-
toms Union legislation. On the other hand, fumonisins
B1 and B2 were not detected in any of the talkan sam-
ples, even if the LOD of the HPLC-MS/MS method
was as low as 0.5 ug/kg.

Discussion

Zearalenone has been investigated in talkan sam-
ples because its presence has been reported in pro-
cessed food, particularly in that produced from cereals
(Lawley et al. 2012). A complete review on the occur-
rence this mycotoxin in cereals worldwide has been re-
ported by Yazar and Omurtag (2008), which includes
data from Italy, Argentina, Morocco, France, Croatia,

Germany, Denmark, Lithuania, Finland, Turkey and
China. The concentration range was from not detected
to 2564 ug/kg. However, the review does not include
data for Asian countries located nearby Kazakhstan.
Zearalenone production by Fusarium spp. is favored by
wet climates, particularly wet and cool weather, and
higher occurrence was observed in wheat, rye, rice,
corn and sunflower seeds collected from southern hu-
mid areas of Russia in 1993, which included Kazakh-
stan and Uzbekistan (Lvova et al. 1993). This observa-
tion could explain the high incidence of zearalenone in
talkan samples collected from different areas of Ka-
zakhstan as it was present in 20% of the samples. In
another study, it was observed that zearalenone con-
centration in food was influenced by pH and tempera-
ture (100-225°C); the stability of the mycotoxin was in-
vestigated using a screw extruder and higher reduction
of zearalenone was observed at 120 and 140°C than at
160°C (Ryu et al. 2003). However, results obtained with
talkan samples indicated that roasting the grain at
250°C does not guarantee the absence of zearalenone
as this mycotoxin was the most frequently detected.

Opverall, it could be stated that the range of concen-
tration of zearalenone measured in the talkan samples
was similar to those reported in cereal collected and
analysed in other countries (Yazar and Omurtag 2008,
Pei et al. 2013).

The analysis of ochratoxin A with the ELISA kit
gave 12 positive samples; however, the HPLC-MS/MS
method confirmed its presence in only nine samples.
Something similar occurred with deoxynivalenol which
was detected in 12 talkan samples with the screening
method and confirmed in 8 samples with the HPLC-
MS/MS method. No apparent reason was found to ex-
plain the difference between the ELISA and the HPLC-
MS/MS results; it is believed that the kits are prepared,
validated and tested for cereal flour but not for talkan
samples which is a mixture of different roasted cereal
and could contain interference that my gave false posi-
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able 2. Mean, minimum, maximum concentration (ug/kg) and percentage of positive samples measured in talkan samples

by HPLC-MS/MS.

. Limit Limit
Mean Minimum Maximum :;HS:;II‘; of detection of detection
(%) %LI%?;%\) HPé%g-ﬁgs)/Ms

Aflatoxin B1 3.0 3.0 3.0 2 0.5 0.9
Ochratoxin A 7.3 1.4 22.4 18 1 5

Zearalenone 201 1.3 654 20 12.5 0.5
Fumonisins (B1+ B2) N/A N/A N/A N/A 2 0.5
Deoxynivalenol 125.3 1.9 417 16 1.5 0.6

N/A: Not applicable

tive. These two mycotoxins were detected in 18% and
16% of the samples and for the case of ochratoxin A its
concentration was above the MRL permitted by the
EU in 9 samples. It was the mycotoxin with the higher
number of cases above the UE and Russia-Kazakh-
stan-Belarus Customs Union MRL. Ochratoxin is rec-
ognized as nephrotoxic and has also been shown to
have hepatoxic, immunosuppressive, teratogenic and
carcinogenic behavior (Beardall et al. 1994, Pléstina
1996; Schlatter et al. 1996). On the other hand, even
if deoxynivalenol has EU limit in 200 ug/kg which is
400 times higher than ochratoxin A 3 talkan samples
have its concentration above this MRL. Deoxynivale-
nol is responsible for causing acute temporary nausea,
vomiting, diarrhea, abdominal pain and headaches,
complete review of its toxicity has been published by
Sobrova et al. (2010). Deoxynivalenol was also reported
in Russia in 2004, in a survey with 2166 cereal samples
harvested from several regions in Russia revealing its
presence in 69% of the samples (Tutelyan 2004). In this
study the Krasnodar region was considered to be the
major Fusarium endemic region of Russia which may
explain the high levels of deoxynivalenol and zearale-
none in the talkan samples from Kazakhstan, as these
two areas seem to have similar weather conditions
(Tutelyan 2004). This results also explain the lower inci-
dence of deoxynivalenol in cereal-based products from
the Mediterranean area [Morocco, Italy, Spain and
Tunisia (n=79)], detected in 5% of the cereal-based
products and cereals collected; the concentration
ranged between 63.2 and 296 ug/kg (Serrano et al.
2012) while the maximum concentration in the talkan
samples was 417.

Analysis of the talkan samples with the ELISA kits
for aflatoxins (B1, B2, G1 and G2) has reveal of that 10
samples were positive for the presence of one or more
aflatoxins, however, the confirmatory HPLC-MS/MS
method could only detect aflatoxin B1 in one samples
(Table 2). The disparity between the results of the two

methods could be due to the difference in the LODs
and the number of aflatoxins which that can be detect-
ed; the LOD was 0.5 ug/kg for the ELISA and 0.9 ug/kg
for the HPLC-MS/MS method. Additionally, the
HPLC-MS/MS method could only analyze aflatoxin
B1, not B2, G1 and G2.

If data obtained for aflatoxin B1 is compared with
data reported in other country, as data has not been
reported for Kazakhstan, the low incident of aflatoxin
B1 in talkan samples (2%, Table 2) is in agreement with
data reported on wheat flour samples from China,
where only one sample out of 348 contained aflatoxin
Bl (Liu et al. 2015). The incident of aflatoxin Bl
depends on weather conditions and the type of cereal
as these factors affect fungi growth and could explain
the high incidence of this aflatoxin in rice samples also
collected from China where it was present in 64% of
the samples.

Even if aflatoxin B1 was detected in only one sam-
ple, its concentration was 29 times higher than MRL
acceptable by the EU Regulation but lower than ML
established in Russia-Kazakhstan-Belarus Customs
Union legislation (Table 1). Aflatoxin B1 is the myco-
toxin with the lowest ML established in the EU legisla-
tion because it is considered one of the most toxic my-
cotoxins; it has been shown to be a highly potent
hepatocarcinogen in various experiments involving dif-
ferent species such as ducks (median lethal dose (LD50)
0.34-0.56 mg/kg), rainbow trout (LD50 0.81 mg/kg),
monkeys (LD 3 mg/kg) and rats (LD 7 mg/kg). In hu-
mans, toxicity symptoms include jaundice, ascites, por-
tal hypertension, gastrointestinal bleeding, and possi-
ble encephalopathy and fatty degradation of viscera
(Corn 1993).

The ELISA analysis indicated 5 samples positive
for the presence of fumonisin B1, B2 or B3, whereas
the HPLC-MS/MS analysis of these 5 samples gave
negative results. Even if the HPLC-MS/MS method
was not able to analyze fumonisin B3, it is believed that
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the abundance of fumonisin B3 in maize is low as com-
pared to fumonisin B1 and B2 (Scudamore and Patel
2000). Therefore, the absence of fumonisin B1 and B2
guarantee the absence of fumonisin B3. The authors
also believe that the absence of positive samples with
the HPLC-MS/MS method is due to false positives
with the screening method as talkan is a flour mixture
of different roasted cereals. On the other hand, even
in fumonisin has not been detected in talkan samples
its contents in food have been reported worldwide.
A review on the global occurrence of this particular
mycotoxin in cereal and cereal-based product in the
six continents has been conducted by Soriano and
Dragacci (2004). Considering the common presence of
fumonisin worldwide, the absence of fumonisin in the
talkan samples analysed could be due to the fact that
the grains are roasted at 250°C before being ground
and fumonisin concentration decreases by more than
90% with temperature above 175°C (Bullerman et al.
2002).

Health risk due to the consumption of contami-
nated talkan

To evaluate the health risk due to the consumption
of contaminated talkan, only data obtained with the
confirmatory method have been considered. A total of
14 (28%) samples were positive for the presence of at
least one mycotoxin, based on MRL set up by the Rus-
sia-Kazakhstan-Belarus Customs Union Legislation
(Table 1), the consumption of eight samples (18%)
posed a risk for the Kazakh population. However, when
the EU MRL was considered the 14 positive samples
were non-compliant and potentially toxic. Additionally,
it should be highlighted that 6 of these samples con-
tained 3 mycotoxins, 3 samples 2 mycotoxins and 4 sam-
ples only one mycotoxin increasing considerable the
toxicity effect of the samples. These results suggest that
more controls of mycotoxins in talkan samples should
be conducted to guarantee the food safety of talkan in
Kazakhstan.

On the other hand, the probable daily intake (PDI)
was calculated as described previously (Jageret al.
2013) and compared with the tolerable daily intake
(TDI) reported for the detected mycotoxin in the tal-
kan samples To calculate the PDI for adults and chil-
dren, a mean value of 70 kg and 24 Kg of body weight
and 0.1 kg and 0.0 5 Kg of talkan consumption was used
. Table 3 summarizes the PDI and the percentage of the
TDI for adults and children in Kazakhstan (Kuiper-
-Goodman and Scott 1989, EFSA 2010, EFSA 2013,
EFSA 2014). The PDI values for adults and children
were above 20% for aflatoxin B1, zearalenone and
deoxynivalenol. Considering that mycotoxins accumu-

late in the liver and kidney, these results indicate a high
risk for the Kazakh population, particularly when tal-
kan contaminated with zearalenone is consumed. In all
instances, PDI of zearalenone represented more than
100% of TDI.

Conclusion

This research revealed the presence of mycotoxin
in talkan, a cereal grain-based food that is prepared us-
ing a high temperature and it is a traditional dish for
Turkic population. The presence of four mycotoxins
was confirmed by HPLC-MS/MS in 28% of the talkan
samples and concentrations were above MRL set up by
the European legislation. The PDI for adults and chil-
dren were above 20% for aflatoxin B1 and deoxynivale-
nol, and above 100% for zearalenone, indicating a high
risk for the Kazakh population. It should be highlighted
that a small number of scientific articles report the
presence of mycotoxins in cereal from Kazakhstan, thus
the present study is the first to publish data on the ocur-
rence of mycotoxins in cereal based-food from Kazakh-
stan.
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