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I Abstract
Objective. The main aim of this study was to determine the content of mycotoxins, such as: deoxynivalenol (DON),
zearalenone (ZEA) and fumonisins (FUM) in cereal products, and such products intended for infants. The secondary objective
was to assess consumer exposure to the DON, ZEA and FUM occurring in cereal products, including those intended for
infants and young children.
Materials and method. The study included cereals and cereal products such as flours, grits, pastas, products of the bakery
industry, snacks and cereal products intended for infants and young children, available in retail outlets in the Matopolska
Province of Poland. DON content was determined by high-performance liquid chromatography with a DAD detector, while
the contents of ZEA and FUM were detected by high-performance liquid chromatography with fluorescence detection.
Results. The determined concentration of mycotoxins exceeded the maximum level specified in food law in only two cases.
DON level in maize flour was 1511.0 pug kg™ and exceeded the maximal residue level (MRL) set at 750.0 ug kg™'. The value of
MRL for ZEA was over the permissible value of 75.0 ug kg™ in the maize flour sample only, and was 212.0 pg kg™'. None of
the samples examined was beyond the permissible level of FUM.
Conclusions. Levels higher than those permissible for the examined cereal products were noted in only two cases. FUMs
were the most commonly found Fusarium mycotoxins, followed by DON and ZEA. The mean exposure doses of the assessed
mycotoxins, resulting from the consumption of cereal products in the selected populations, were at low levels (reaching
a maximum of 6.81%) and did not exceed the tolerable daily intake (TDI) or provisional maximum tolerable daily intake

(PMTDI). Therefore, the observed average chronic exposure dose not pose a health risk to consumers.
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INTRODUCTION

Food contamination with natural toxins, particularly
mycotoxins, is an obvious and serious problem for
agriculture and the food industry worldwide [1]. In recent
years, significant advances in food toxicology along with the
development of analytical techniques have drawn attention
to mycotoxins produced by Fusarium species, widespread
in temperate climate zones, including Europe [2]. They are a
large group of compounds with diverse chemical structures
and a broad spectrum of toxic effects. The main Fusarium
mycotoxins which can be found on cereal grains and cereal
products, are DON, ZEA and FUM. Their biosynthesis can
be affected by many factors, including not only temperature,
but also humidity, oxygen level, mechanical crop damage and
the presence of mould spores [3, 4, 5]. DON, belonging to
the type B trichothecenes, is mainly produced by Fusarium
graminearum and F. culmorum on cereals (wheat, maize,
barley and oats) [6]. This toxin, very stable during both storage
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and pre-treatment or processing and the hydrothermal
treatment of food, is undegradable at high temperatures [7].
The FUM group of toxic metabolites is produced mainly
by Fusarium verticillioides and F. proliferatum, which most
frequently attack maize crops worldwide. When considering
FUM toxicity, the most toxic are B, (FB)), B, (FB,) and B, (FB,)
(8]. FB, is classified by the International Agency for Research
on Cancer (IARC) as a Group 2b potential human carcinogen.
Furthermore, FUM are neurotoxins due to the fact that they
can damage the biosynthesis pathway of sphingosine, which
is a component of the brain and nervous system [9]. In turn,
ZEA is produced by F. graminearum, F. culmorum and F.
equiseti, the species most commonly attacking maize and
wheat crops. The ZEA belongs to the xenoestrogens, has
a similar chemical structure to natural estrogen, such as
17B-estradiol, and therefore can bind to estrogen receptors,
thus disrupting the hormonal balance and leading to
numerous diseases of the reproductive tract [10].

In order to reduce the exposure to potential contamination,
European Commission Regulation (EC) No. 1881/2006 of
the European Parliament and of the Council of 19 December
2006, set limits for the presence of these mycotoxins in
food, as well as maximum levels for certain contaminants
in foodstuffs [11]. The established permissible levels in
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foodstufts were: for DON, between 200 pg kg (food for
infants and young children) and 1,750 pg kg' (unprocessed
maize); for ZEA, between 20 pg kg' (food for infants and
young children) and 400 pug kg (refined maize oil); and for
FUM, between 200 pg kg (food for and infants and young
children and 4,000 pg kg' (unprocessed maize). The Joint
FAO/WHO Expert Committee on Food Additives (JECFA)
set a provisional maximum tolerable daily intake (PMTDI)
of 1.0 pug kg' body weight (b.w.) per day for DON, and a
PMTDI of 2.0 ug kg' b. w. per day for FB, FB,, and FB,,
occurring alone or in combination. The TDI for ZEA was set
at0.25 ugkg' b. w. per day [12]. There are no current literature
data on the presence of these toxins in cereal products and
in such products intended for infants and young children,
available in retail in Poland.

OBJECTIVE

The main aim of this study was to determine the level of
selected Fusarium mycotoxins, i.e. DON, ZEA and FUM
(expressed as the sum of FB, and FB)) in various types of
cereal products. The second aim was to assess consumer
exposure risk resulting from the intake of DON, ZEA and
FUM from cereal products and these products intended for
infants and young children.

MATERIALS AND METHOD

The experimental material consisted of cereals and cereal
products, including flours, grits, pastas, products of the
bakery industry, snacks and cereal products intended for
infants and young children, available in retail out; lets in
the Matopolska Province of Poland in 2016-2020. A total of
831 samples were examined in triplicate, which produced
2,493 analytical results. In 2016, 182 samples were examined,
including: 83 for DON, 75 for ZEA, and 24 for FUM. In the
subsequent years, these values were, respectively: 192 (DON
— 86, ZEA - 82, and FUM - 24); 142 (DON - 75, ZEA - 48,
and FUM - 19); 187 (DON - 82, ZEA - 82, and FUM - 23);
and 128 (DON - 68, ZEA - 45,and FUM - 15). The samples,
collected by inspectors of sanitary and epidemiological
stations in the Malopolska Province according to the
principles defined in European Commission Regulation
(EC) 401/2006 [13], were examined for contamination levels
of DON, ZEA and FUM. The DON content was determined
by high-performance liquid chromatography with a DAD
detector (HPLC-DAD), while the contents of ZEA and FUM
were detected by high-performance liquid chromatography
with fluorescence detection (HPLC-FLD). Table 1 presents
the parameters of the analysis for the examined groups of
food products, corresponding to the specific method.

DETERMINATION OF DON CONTENT

Sample preparation procedure

Cereal products for adults, infants and young children.
25 g of a homogeneous sample, 8 g of polyethylene glycol
and 200 ml of deionized water, were mixed at high speed
for about 2 min using a laboratory mixer. The extract was
filtered through a filter paper and the filtrate collected in

Table 1. Performance parameters according to mycotoxins and food
products

. LOD LOQ  Recovery
Toxins Food products Method
P (ug/kg) (ug/kg) (%)
Cereal-based food 50 100 89
Deoxy- products HPLC-
nivalenol _ DAD
. Cereal-based food'for 20 40 80
infants and young children
Cereal-based 75 150 a8
Fumo- food products
nisins HPLC-FL
- Cereal-based food-for 75 150 88
infants and young children
o 6o e
ii’:‘g'e' HPLC-FL
Cereal-based food for 45 15 97

infants and young children

an Erlenmeyer flask. Afterwards, 8 and 20 ml of filtrate for
cereal products for adults (CPA).

Cereal products for adults, infants and young children
(CPI). The cereal products were taken and passed through
a DONprep® affinity column at a rate of approx 1 drop
per second or by gravity. The column was then washed with
20 ml of phosphate buffer in PBS saline for CPA and 10
ml of PBS for CPI, and air dried for approx. 15 sec. under
reduced pressure.

The DON was eluted into a vial by passing 6 and 1.5 ml
of methanol through the column at a rate of approx. 1 drop
per second for CPA and CPI, resectivelly. The residue was
removed by passing air through the column, and the eluate
evaporated to dryness under a stream of nitrogen at 60°C.
The residue was dissolved with 15% methanol solution to a
volume of 1 ml. The eluate thus obtained was subjected to
chromatographic analysis.

Apparatus. DON quantification was carried out using a
Varian liquid chromatograph (model ProStar 335), equipped
with a DAD detector. Analysis conditions: mobile phase -
methanol: water (15:85, v/v); column operating temperature:
25°C; flow rate: 1 ml min™; injection volume: 100 pl, detector
wavelength A =220 nm. Separations were carried out on a
Gemini NX 5u C18 110A column (250 x 4.6mm; 4pm). The
detector collected a spectrum from 220 nm to 310 nm and
monitors at 220 nm.

Calibration solutions were prepared from the DON stock
standard solution in 2 ml flasks by replenishing the flasks
with 9.5% methanol solution. The DON concentrations of
the solutions were, respectively: 0.1; 0.2; 0.5; 0.75; 1, and
2.0 pyg ml™.

DETERMINATION OF ZEA CONTENT

Sample preparation procedure. 25 g of homogeneous sample
and 125 ml of acetonitrile: water (75:25, v/v) mixture were
mixed at high speed for approx. 2 min in a homogenizer.
The extract was filtered through a filter paper and the filtrate
obtained was collected in an Erlenmeyer flask. Then, 20 ml
of filtrate was taken, to which 80 ml of PBS was added and
the pH adjusted to 7.4 (with 0.1 M NaOH solution), prior to
purification on the column. Afterwards, 25 ml of the diluted
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and mixed extract was passed through an EASI-EXTRACT®
ZEARALENONE immune affinity column at approximately
5 ml min™. The column was then washed with 20 ml of PBS
(atarate of approx 5 ml min) and dried by applying a slight
vacuum for approx. 15 sec.

ZEA was eluted into a vial by passing 1.5 ml of 100%
acetonitrile through the column. The column was then
washed with 1.5 ml of water for HPLC. The eluate collected
(3 ml) by the method was subjected to chromatographic
analysis (HPLC-DAD).

Apparatus. The ZEA quantification was performed using a
SHIMADZU RF 20Axs liquid chromatograph with a FLD
fluorescence detector. The following analytical conditions
were applied: mobile phase composition: methanol:water
(80:20, v/v) solution, column operating temperature - 35°C,
flow rate — ml min, injection volume - 20 pl, excitation
wavelength A = 274 nm, emission wavelength A = 455 nm.
The analytical column C18 Nucleosil 100-3 Protect I
(150mm x 4.6mm) and variable length fluorescence detector
were used.

From the ZEA stock standard solution, calibration solutions
were prepared by filling flasks (10 ml) with methanol-water
solution. The ZEA concentrations in these solutions were as
follows: 5, 10, 20, 40, 80, 120 and 200 ng ml™.

DETERMINATION OF FUM CONTENT

Sample preparation procedure. 25 g of a well-ground
homogeneous sample was mixed with 100 ml of the
acetonitrile:methanol:water (25:25:50, v/v/v) mixture. Then,
2.5 g of sodium chloride was added and the whole stirred at
high speed in a homogenizer for approx. 2 min. The extract
was filtered through a filter paper into an Erlenmayer flask.
Afterwards, 10 ml of the filtrate was taken, diluted with 40 ml
of PBS (pH 7.4), mixed and filtered through a glass fibre filter.
Using an adapter and syringe, 20 ml of the diluted extract
(equivalent to 1.0 g of the sample) was passed through a
Fumoniprep affinity column (placed in the SPE kit) at a rate
of approx. 5 ml min™. The column was washed with 10 ml
of PBS at a rate of approx. 5 ml min” and then dried under
slight vacuum for about 15 sec. FUM were eluted into a vial by
passing 1.5 ml of 100% methanol through the column. During
methanol passage through the column, back-suction was
applied 3 times to completely denature antibodies. The residue
was removed by passing air through the column, and the
column flushed with 1.5 ml of water for HPLC. The collected
eluate in a volume of 3 ml was ready for HPLC determination.

Apparatus. Quantitative analysis of FUM was performed
using a SHIMADZU RF 20Axs liquid chromatograph with
the FLD fluorescence detector. The conditions applied were:
mobile phase - methanol:phosphate buffer; column operating
temperature - 35 °C, flow rate - 0.9 ml min”, injection volume
- 20 ul, excitation wavelength A =335 nm, and emission
wavelength A =440 nm. Analysis was conducted on a C18
Kinetex 2.6 um, 100 mmx 4.6 mm analytical column.
From the stock standard solution of fumonisin B, and B,
calibration solutions were prepared by filling the flasks (2 ml)
with acetonitrile-water mixture. The FUM concentrations of
the solutions were respectively: 50, 100, 200, 400, 500 and
1000 ng ml™.

Chemicals. Methanol, polyethylene glycol, acetonitrile,
phosphate buffer, 0.1 M sodium hydroxide solution,
phthalaldehyde, thiofluor, 5% o-phosphoric acid, 0.1 M
borax solution, and 0.1 M sodium dihydrogen phosphate
solution, were purchased from Sigma-Aldrich (Poznan,
Poland). Ochraprep® immunoaffinity columns (IAC) were
provided by ‘FABIMEX’ Wiecek Sp. j. Phosphate buffer in
saline (PBS) was prepared as follows: 8.0 g NaCl, 1.2 g sodium
hydrogen phosphate, 0.2 g potassium dihydrogen phosphate,
and 0.2 g KCl were dissolved in 990 ml of water. The pH was
then adjusted to 7.4 with 0.1 M sodium hydroxide solution,
and the whole was made up to 1,000 ml with water.

Preparation of the mobile phase: developing phase — 154 ml
of methanol, 46 ml of sodium dihydrogen phosphate, and
16.8 ml of o-phosphoric acid were poured into a flask, mixed,
filtered, and degassed using an ultrasonic scrubber. In the
pre-column derivatization phase, 80 mg of phthalaldehyde
was dissolved in 2 ml of methanol after which 200 mg of
thiofluor was dissolved in 2 ml of borax. The vessel used for
thiofluor dissolvation was then rinsed with 2 ml of borax
and 6 ml of borax added.

Dietary exposure assessment. Consumer exposure
assessment resulting from the consumption of cereal
products was estimated with regard to the PMTDI (for DON
and FUM) and the TDI (for ZEA). The results were expressed
as %PMTDI or %TDI. The exposure dose was calculated
according to the following formula:

(ug kg! body weight per day) = mycotoxin level (ug kg') x
average food intake (kg per person per day) x average body
weight! (kg' body weight per person).

The maximum contamination values determined for
individual mycotoxins, as well as the lower bound (LB) and
upper bound (UB) values were used for calculations. These
values are applied when the percentage of results below the
Limit of Detection (LOD) or Limit of Quantitation (LOQ)
is higher than 50%. According to the European Food Safety
Authority (EFSA) [14] guidance: at the lower-bound (LB),
results below the LOD were replaced by zero and those below
the LOQ by the LOD; at the upper-bound (UB) the results
below the LOD were replaced by the value of the LOD and
those below the LOQ were replaced by the value reported
as LOQ.

The middle bound (MB) value was calculated as the
difference between UB and LB.

For DON calculations, in wheat flour, the reference
product was bread baked from this flour, i.e. mixed bread
with 40% proportion of wheat flour. Based on the study by
Vidal et al. [15], it was also assumed that the DON content
in flour is reduced by 26% during baking. Calculations were
based on the average body weight values given for 7 age
groups (coded A - G), according to the division set by the
Nutritional Standards for the Polish population [16]. These
groups included: children aged 4-6, body weight — 19 kg (A);
children aged 7-9, body weight - 27 kg (B); boys and girls aged
10-12, body weight - 38 kg (C); boys and girls aged 13-15,
body weight - 52.5 kg (D); boys and girls aged 16-18, body
weight - 61.5 kg (E); men from 19 years, body weight - 70 kg
(F); and women from 19 years, body weight - 60 kg (G).

When establishing the average intake of cereal products,
the EFSA Comprehensive European Food Consumption
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Database was used. However, as there is no data in this
database on an average intake of cereal products in Poland,
this value has been determined on the basis of own survey
conducted among 152 people. The questionnaire, which
asked for gender and age, also included questions about the
consumption of specific cereal products.

Statistical analysis. Results were analysed using two-way
analysis of variance (ANOVA) at a significance level of p<0.05.
Statistical analysis was performed using Statistica Ver. 10.0
software. The relationship between the type of mycotoxin and
the type of product was investigated. The analysis concerned
products in which all 3 toxins were determined. These were:
breakfast cereals, maize flour and cereal products intended
for infants and young children.

RESULTS AND DISCUSSION

A total of 831 samples were analysed: 394 for DON, 332 for
ZEA and 105 for FUM. The percentage of positive samples
was 10.2%, 2.1% and 13.3%, respectively. The mean DON
values for individual products ranged from 114.6 ug kg
'1-463.9 ugkg' (Tab. 2). Of the examined assortment of cereal
products, this toxin was most often found in maize flour
(33.3%), pasta (31.0%), bread and bakery products (25.0%)
and in wheat flour (12.0%).

In only one case, maize flour, the DON content exceeded
the maximum level specified in the regulations - 511 ug kg
This toxin was not found in cereal products or bran samples
intended for infants and young children.

Studies by Dobosz et al. [17] on the level of the DON, ZEA
and FUM in flours available in retail in the Silesian Province
in Poland, showed lower DON contaminations of wheat flour,
ranging from 73-472 pg kg*, mean value - 31 ug kg'. The
contamination of maize flour ranged from 85-876 pg kg,

Table 3. The content of ZEA in analyzed samples

mean value - 335 ug kg'. Higher DON contamination levels
were reported by Mruczyk et al. [18] in flour from western
Poland. The values ranged from 146-646 ug kg, averaging
336.3 ugkg'. On the other hand, even higher contamination
with this toxin were determined by Darsanaki et al. [19] in
flour originating from Iran, where DON was detected at the
average level of 630.5 pug kg” in 80 of 96 wheat flour samples
(83.3%), in which its content ranged from 23-1270 ug kg'.

Higher levels and greater percentages of positive samples
have also been noted in many studies conducted in the
European Union. In the Czech Republic, DON was found
in 16 out of 17 (94%) wheat bread samples examined by
Malachova et al. [20], ranging from 13-350 pg kg'. In turn,
in Spain, this toxin was found in 21 of 75 (28%) samples at
levels ranging from 12.2-147 pg kg, as reported Gonzalez-
Osnaya et al. [21]. The authors determined this toxin in 47
of 75 (62.7%) pasta samples, but in higher amounts, ranging
from 10.9-623 pg kg' However, a study by Golge & Kabak
[22] on the prevalence of DON and ZEA in cereals and cereal
products in Turkey, proved a mean DON content in pasta
amounting to 49.3 pg kg™

The least frequently detected toxin was ZEA, which was
found in only 7 of 332 samples examined (2.1%) (Tab. 3). Of
the cereal products investigated, this toxin was most often
found in maize flour (10%), were its maximum permissible
level was exceeded. The mean ZEA contents in various cereal
products ranged from 17.1 ug kg'-148.2 pg kg™. This toxin
was not found in such products as rye flour, bran, pasta, nor in
cereal products intended for infants and young children. Sirot
et al. [23], who studied consumer exposure to mycotoxins
in France, determined lower ZEA contents in the examined
products. Contamination levels in bread ranged from 1.5-
5 ug kg, and in pasta from 1.1-4.1 pug kg'. In turn, Cano-
Sancho et al. [24] in their studies on the presence of ZEA in
food in Spain, found lower ZEA mean values in maize snacks
(5.9 ug kg, sliced bread (3.7 ug kg') and pasta (3.8 pug kg™).

No. positive samples/ Range

Mean of positive Mean MB The number of

Product examined samples (%)  (min-max, pg kg')  samples (ugkg')  (UB-LB, ug kg”) UEML (kg kg-) samples above MRL
Wheat flour 1(/;)0 294 294 (5;;(6).6) 75 0
Rye flour 0/18 (4"1;0) 75 0
Maize flour 2(13)(; 84.4-212 148.2 (18.;‘:1 48) 75 1
Bran 0/15 ( ;2'?0) 75 0
Grits 23/33()) 27.3 27.3 (5;;3'9) 75 0
Pasta 0/25 (4‘;?0) 20 0
Bread and bakery products 21252) 25.8 25.8 (S.;‘l—l‘?.z) 50 0
Cereal snacks 1(/42)5 17.1 17.1 (5‘_‘1) 100 0
Breakfast cornflakes 22/37§ 217 217 (S‘if(.)d.f6) 100 0
Sslrjena; ;z:;(;?:;s for infants and 0/90 (44.1:0) 20 0

MB (UB-LB): middle bound (upper bound- lower bound). UB - results below LOD were replaced by LOD and results below LOQ by LOQ. LB - results below LOD were replaced by 0 and results

below LOQ by LOD.
UE ML European Union maximum level
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Table 2. The content of DON in analyzed samples

Product No. p.ositive samples/ ) Range 7 Mean of positi\{e Mean MB 7 UE ML (ug kg-') The number of
examined samples (%)  (min-max, ug kg™) samples (ug kg')  (UB-LB, pg kg™) samples above MRL
Wheat flour ?gf 110.6-607 3454 (87.435_'481 4 750 0
Rye flour (26/332) 138-227 182.5 (58.436_'191 4 750 0
Maize flour (i/;;‘) 129-1511 463.9 . 883—3;.:4.6) 750 1
Bran 0/17 - - (5500_0 750 0
Grits 23/312) 122 122 (53.58(—)3.8) 750 0
Pasta ?;21? 105.6-297 168.8 (86.3;'354.5) 750 0
Bread and bakery products ?g‘; 105.9-127 114.6 (68.329—'268.6) 500 0
Cereal snacks 3(12(; 289-467.8 379.9 (8:?38 500 0
Breakfast cornflakes ?5/3:; 110.8-279 194.9 (57.467—.140.3) 500 0
o s s - - o

MB (UB-LB): middle bound (upper bound- lower bound). UB - results below LOD were replaced by LOD and results below LOQ by LOQ. LB - results below LOD were replaced by 0 and results

below LOQ by LOD.
UE ML European Union maximum level

Studies by Ostry et al. [25] concerning the exposure of Czech
consumers to mycotoxins, showed lower ZEA level for wheat
flour (0.76 ug kg') and pasta (0.57 pg kg'). According to
Juan et al. [26], there was no this toxin in foods intended for
infants and young children.

FUM were detected in 14 of 105 samples, i.e. 13.3% (Tab. 4).
The toxin was most often found in the samples of maize
flour 25%, maize grits 22.2%, breakfast cornflakes 20%, and
maize snacks 10%. The mean ZEA values ranged from 161.2
ug kg'-202.4 ug kg'. No FUM was found in cereal products
intended for infants and young children.

Thelevels of FUM contamination determined by Kowalska
et al. [27] in breakfast cornflakes in Poland, were lower and
ranged from 28-132 ug kg?, the average value - 75 ug kg
Sirot [23] also reported FUM contents within the range
1.7-8.5 pg kg™ In turn, FUM levels detected in popcorn by
Martins et al. [28] were higher, ranging from 89-1,170 pg kg™
(FB)) and 57-211 ug kg' (FB,) in 88.2% of the examined

Table 4. The content of FUM (sum of B, and B,) in analyzed samples

samples. Higher levels were also determined by Cano-
Sancho et al. [29] in cornflakes: in 28 of 72 samples (39%),
the authors found the average level of FUM to be 78.9 ug kg™
According to Galbenu et al. [30], FUM were present in 50%
of cornflake samples (2/4) at an average level of 30.5 ug kg'.
In turn, Martins et al. [28] showed FUM contamination in
7 of 30 samples of infant food (23.3%) at the average level of
36.4 pg kg

Analysis of variance between the type of mycotoxin
and the type of product showed a statistically significant
difference (p <0.05) in the concentrations of DON, ZEA and
FUM in the same products (breakfast cereals, maize flour,
cereal products for infants and young children). Significant
differences (p <0.05) were also observed between different
products and mycotoxin concentrations (DON, ZEA and
FUM).

Based on the results obtained, consumer risk assessment,
resulting from the consumption of cereal products, was

No. positive samples/ Range

Mean of positive Mean MB The number of

_1
Product examined samples (%)  (min-max, ug kg™) samples (ug kg')  (UB-LB, ug kg™) UEML (g kg-) samples above MRL
7/35 62.1
Breakfast cornflakes 20) 151.0-201.8 161.2 (943-32.2) 800 0
; 2/20 67.5
Maize snacks (100) 151.2-188.3 169.8 (84.5-17.0) 800 0
. . 2/9 525
Maize grits 22.2) 152.6-155.1 153.9 (83.4-30.8) 1000 0
. 3/12
Maize flour 25) 160.8-216.4 2024 37.5(88.1-50.6) 1000 0
Cereal products for infants and 75.0
young children 0729 ) ) (75-0 200 0

MB (UB-LB): middle bound (upper bound- lower bound). UB - results below LOD were replaced by LOD and results below LOQ by LOQ. LB - results below LOD were replaced by 0 and results

below LOQ by LOD.
UE ML European Union maximum level
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conducted with regard to the PMTDI or TDI value.
Calculations were performed for the cereal products in which
the investigated toxins were most frequently detected. For
DON calculation these were: wheat flour, pasta, breakfast
cornflakes, and bakery products; for FUM: maize flour,
maize grit, and breakfast cornflakes; and for ZEA: corn
flour. With regard to ZEA, the analysis was extended to
cereal products with the highest consumption, i.e. bread and
cornflakes. In all cases, exposure estimation was higher for

the maximum mycotoxin levels than for the calculated MB
value. Therefore, these values are taken into account in the
following discussion.

The values of DON exposure due to consumption of cereal
products, expressed as a percentage of permissible maximum
total daily intake (% PMTDI), fluctuated between 0.20-2.89%
for wheat flour, 0.6-6.58% for pasta, 0.42-5.10%, for breakfast
cornflakes, and 0.40-5.80% for bread and bakery products
(Tab. 5). The maximum value for wheat flour was obtained

Table 5. PMTDI or TDI values for deoxynivalenol, zearalenone, fumonisins in relation to individual age groups [%]

% PMTDI or TDI [%]

Product gl:c?jp Daily intake [kg] DON ZEA FUM
MB max MB max MB max.
A 0.025°  0.029° X X X X 0.11 0.13 5.87 6.81 0.13 0.15 0.80 0.92
B 0.025*  0.029° X X X X 0.06 0.06 291 3.37 0.06 0.08 0.39 0.46
C 0.021°  0.027° X X X X 0.02 0.03 1.23 1.59 0.02 0.03 0.17 0.22
Maize flour D 0.021  0.027° X X X X 0.01 0.01 0.65 0.83 0.01 0.02 0.09 0.11
E 0.021*  0.027° X X X X 0.01 0.01 0.47 0.61 0.01 0.01 0.06 0.08
F 0.021  0.027° X X X X 0 0.01 0.36 0.47 0.01 0.01 0.05 0.06
G 0.021*  0.027° X X X X 0.01 0.02 0.49 0.64 0.02 0.01 0.07 0.09
A 0.020*  0.016° X X X X X X X X 0.15 0.1 0.42 0.34
B 0.020° 0.016° X X X X X X X X 0.07 0.06 0.21 0.17
C 0.057*  0.078° X X X X X X X X 0.10 0.14 0.30 0.41
Maize grits D 0.057¢  0.078° X X X X X X X X 0.06 0.08 0.16 0.22
E 0.057*  0.078° X X X X X X X X 0.04 0.06 0.11 0.16
F 0.029°  0.046° X X X X X X X X 0.01 0.03 0.05 0.07
G 0.029*  0.046° X X X X X X X X 0.02 0.03 0.06 0.10
A 0.055*  0.066° 0.72 0.86 4.25 5.10 0.30 0.37 1.32 1.59 0.47 0.57 1.54 1.84
B 0.081°  0.066° 0.53 043 3.10 2.53 0.22 0.18 0.96 0.79 0.34 0.28 1.12 0.91
C 0.085* 0.0783"  0.28 0.25 1.64 1.51 0.12 0.11 0.51 0.47 0.19 0.17 0.59 0.55
Breakfast cornflakes D 0.098° 0.0783* 0.16 0.13 0.99 0.79 0.07 0.06 0.31 0.25 0.1 0.08 0.36 0.29
E 0.106* 0.0783°  0.13 0.10 0.78 0.58 0.06 0.04 0.24 0.18 0.08 0.07 0.28 0.21
F 0.074>  0.082° 0.0.7 0.08 0.42 0.47 0.03 0.03 0.13 0.15 0.05 0.05 0.14 0.17
G 0.074*  0.082° 0.10 0.11 0.57 0.64 0.04 0.05 0.18 0.20 0.07 0.07 0.20 0.23
A 0.057*  0.165° 0.14 0.21 1.00 2.89 X X X X X X X X
B 0.086*  0.165° 0.06 0.1 0.74 1.43 X X X X X X X X
C 0.104*  0.236" 0.04 0.08 0.45 1.03 X X X X X X X X
Wheat flour D 0.141>  0.236*  0.03 0.04 0.32 0.54 X X X X X X X X
E 0.187*  0.236" 0.02 0.03 0.31 0.39 X X X X X X X X
F 0.177*  0.265° 0.01 0.03 0.23 0.34 X X X X X X X X
G 0.114*  0.265° 0.02 0.04 0.20 0.46 X X X X X X X X
A 0.065*  0.08° 0.94 117 5.35 6.58 X X X X X X X X
B 0.071° 0.08° 0.51 0.57 2.89 3.26 X X X X X X X X
C 0.069* 0.113° 0.26 0.41 1.42 232 X X X X X X X X
Pasta D 0.075°  0.113° 0.15 0.22 0.81 1.22 X X X X X X X X
E 0.085*  0.113° 0.12 0.16 0.67 0.89 X X X X X X X X
F 0.121°  0.103° 0.12 0.11 0.73 0.62 X X X X X X X X
G 0.091*  0.103° 0.13 0.15 0.75 0.85 X X X X X X X X
A 0.057*  0.165° 0.63 1.81 2.01 5.80 0.35 1.01 1.63 4.72 X X X X
B 0.086*  0.165° 0.46 0.89 1.50 2.87 0.26 0.50 1.22 234 X X X X
C 0.104*  0.236" 0.20 0.64 0.91 2.08 0.16 0.36 0.74 1.69 X X X X
Ezzcicat”sd bakery D  0141° 023" 020 034 065 109 011 019 053 088 X X X X
E 0.187*  0.236" 0.20 0.25 0.63 0.79 0.11 0.14 0.51 0.64 X X X X
F 0.177°  0.265° 0.15 0.22 0.46 0.69 0.08 0.12 0.37 0.56 X X X X
G 0.114*  0.265° 0.13 0.29 0.40 0.95 0.07 0.16 0.33 0.76 X X X X

a-dataonfood consumption were derived from the survey

b - food consumption data were derived from the EFSA Comprehensive European Food Consumption Database

x - not calculated
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for children 4-6-years-old, while the value determined for
pasta was more than twice as high in this group. In the 3
oldest age groups (E, F, and G), the values determined did not
exceed 1% for all products and for both consumption values.

According to Ostry et al. [25], the mean DON exposure
doses were higher, ranging from 21-31% TDI (LB-UB) in
children aged 4-6, from 12% — 29% TDI in men aged 18-50,
and from 8% - 13% TDI in women aged 18-59. Higher values
were also determined by Stanciu et al., [31] for an adult
population, where the estimated intake was less than the TD:
669 ngkg' b.w. per day (LB) and 690 ng kg™ b.w. per day (UB).
The values of DON intake reported by Pleadin et al. [32] did
not exceed 10% of the TDI (LB). In turn, Rodriguez-Carrasco
et al, [33] set the dietary DON intake from wheat-based
products at the level of 43 ng kg b.w. per day.

Also in the case the exposure to ZEA, the values obtained
were below TDI (Tab. 5), and for the examined products
ranged from 0.36% - 6.81% for maize flour, 0.33-4.72% for
bread and bakery products, and 0.13-1.59% for breakfast
cornflakes The highest values for all the above products
occurred in the group of children aged 4-6. On the other
hand, dietary ZEA exposure estimates for wheat products
intended for direct human consumption in the adult
Romanian population, stated by Stanciu et al. [31], were
lower - 25 ng kg b.w. per day (UB). According to Pleadin
etal. [32], ZEA intake from Croatian wheat and wheat flour
did not exceed 7% TDI (LB). In Portugal, Assungdo et al,
[34] calculated the mean total daily ZEA intake through
the consumption of 3 groups of cereal products: breakfast
cornflakes, biscuits and cereal products intended for infants.
The value calculated for children under 3 years of age, was
0.89 ng kg b.w. per day. The mean exposure of vegetarians
to ZEA in France was estimated by Fleury et al. [35] at the
level of 5.7 ng kg b.w. per day at the LB, and 10.5 ng kg b.w.
per day at the UB. The main contributors to ZEA exposure
were bread and dried bakery products (23.2% - 32%, LB-UB)
and pasta (from 12% - 16.3%).

Assessment of FUM exposure due to the consumption of
cereal products is shown in Table 5. The values obtained for
maize flour and maize grit were within the ranges of 0.50-
0.92% and 0.05-0.42% PMTDI, respectively. The highest
values were noted for cornflakes (0.14-1.84% PMTDI) and,
considering all products, the highest value was found for the
group of children aged 4-6.

On the other hand, of all the examined mycotoxins, the
exposure to FUM was the lowest. Higher average doses of FB,
exposure were reported by Do et al, [36] and Huong et al. [37].
In turn, a study by Kirimker et al. [38] on DON and FUM
exposure of infants and young children in Turkey, showed
that the mean FUM exposure dose was 0.068 pg kg b.w. per
day for young children, i.e. 3.4% PMTDI. The estimates in
the current study are lower than the chronic exposure for the
population of young children in EU Member States. In Europe,
the average exposure to FUM was estimated in the range of
0.18 - m1.65 ug kg b.w. per day for young children [40].

CONCLUSIONS

The study proved the presence of DON, ZEA and FUM in
commercially available cereal products from the Malopolska
Voivodeship of Poland. Levels higher than those permissible
for the examined cereal products were noted in only 2 cases.

FUMs were the most commonly found Fusarium mycotoxins,
followed by DON and ZEA. The mean exposure doses of the
assessed mycotoxins, resulting from the consumption of
cereal products in the selected populations, were at low levels
(reaching a maximum of 6.81%) and did not exceed the TDI
or PMTDIL. Therefore, the observed average chronic exposure
dose does not pose a health risk for consumers; however,
consideration should be given to progressive climate change
(warming) and its possible effect on the increased prevalence
of Fusarium mycotoxins in cereal products. It is therefore
necessary to continue monitoring for the occurrence of
Fusarium mycotoxins in cereal products.

It should be noted that only a small number of papers
are available on the contamination with DON, ZEA and
FUM toxins of cereal products commercially available on
the Polish market, whereas in the current study, a relatively
large number of samples covering a broad assortment of the
examined cereal products has been examined. Unfortunately,
some limitations were also unavoidable, namely, the use of
various analytical techniques by other researchers caused
problems in comparing the results in the discussion.
Moreover, despite the large number of examined samples,
there was the small number of results (above LOQ), which
caused difficulties in their interpretation.
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