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I Abstract

Introduction and objective. Mycotoxins are toxic metabolites produced by certain types of fungi, causing pathological
changes in humans and animals. The aim of this study was to assess the degree of contamination of selected cereal grains,
bran and cereal products intended for children, with mycotoxins using GCxGC-TOF-MS technique. The study involved
mycotoxins belonging to the type A and B trichothecenes group, including T-2 toxin (T-2), HT-2 toxin (HT-2), scirpenol (SCI),
15-monoacetoxyscirpenol (15-MAS), diacetoxyscirpenol (DAS), triacetoxyscirpenol (TAS), fusarenon-X (FUS-X), nivalenol
(NIV), deoxynivalenol (DON), 3-acetyl-DON (3-Ac-DON), 15-acetyl-DON (15-Ac-DON). The study also assessed the effect of
conditions in which the samples were stored, including temperature (6°C and 28°C) and time (14 and 28 days), on fungal
growth and mycotoxin production. Among all studied compounds, only DAS and HT-2 toxins were detected in tested
samples, with the exception of products intended for children. Measured HT-2 mycotoxin content in tested samples was
in the range 83.9 - 196.4 ug kg™.

Results and conclusions. Experiments with storage conditions showed a statistically significant increase in the HT-2 toxin
level after 14 days of storage in all samples, irrespective of temperature. Prolonged storage (additional 14 days) did not cause
significant changes in the HT-2 content. Further analyses showed a statistically significant effect of storage temperature on
HT-2 toxin levels only in cereal products intended for children after both 14 and 28 days. Interestingly, lower temperature
(6°C) was more optimal then higher temperature (28°C) for the HT-2 toxin production. No significant effect of storage

temperature on HT-2 level was observed for cereal grains and bran.
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INTRODUCTION

Mycotoxins are toxic metabolites produced by certain
types of fungi, causing pathological changes in humans,
animals and plants. To-date, several hundred different toxic
substances produced by fungi, including species belonging
to the genera Aspergillus, Penicillium and Fusarium, have
been identified [1].

For humans, the exposure is mostly by ingestion; however,
in some cases, the exposure can also occur via inhalation or
contact with the skin. Mycotoxins may enter the food chain
indirectly and directly; indirectly, by consuming the meat
or milk of animals fed with the contaminated products, or
directly by consuming plant products contaminated in the
field or during storage or processing. Many mycotoxins
are resistant to heat processing, showing stability during
standard food preparation processes. In addition, they can
remain in the product long after the fungi has been destroyed.
Vegetable products, such as cereals, oilseeds, coffee, fruits,
spices and nuts, as well as animal products (milk, meat, offal),
are all susceptible to mycotoxin contamination [2].
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The Rapid Alert System for Food and Feed (RASFF)
notifications regarding mycotoxin food contamination
constitute a significant part of all reported food safety issues
[3,4]. This is an important element of the food safety strategy.
The RASFF system allows rapid information exchange,
supports early risk prevention, as well as providing advice
when initiating necessary immediate actions.

The most frequently occurring mycotoxins include
aflatoxins, ochratoxin A, and patulin, and a group of toxins
produced by certain fungi species of the genus Fusarium,
such as trichothecenes, fumonisins, moniliformin (MON),
zearalenone (ZEA), its derivatives, and beauvericin.
Trichothecenes include around 150 compounds of similar
molecularstructure. Themostimportanttype A trichothecenes
are T-2 toxin, HT-2 toxin and diacetoxyscirpenol (DAS); Type
B trichothecenes include deoxynivalenol (DON), nivalenol
(NIV), fusarenone-X (FUS-X). Fumonisins form a group of
12 compounds, with fumonisin Bl being the most common.

Based on available data [5], a tolerable daily intake (TDI)
was estimated for a cumulative dose of T-2 and HT-2 toxins, as
0.01 pg/kg body weight. TDI values have also been established
for other trichothecenes, including DON (1.0 ug/kg body
weight), NIV (1.2 pg/kg body weight), and most recently [6]
for DAS (0.65 ug/kg body weight). In 2013, the European
Commission issued recommendations on the presence of
T-2 and HT-2 toxin in cereals and cereal products [7]. In
this document, the indicative levels were established for the
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sum of T-2 and HT-2 above which additional investigations
should be performed. These values for unprocessed cereals
are 1,000 ug kg for oats and 100 pug kg for wheat. For oat
bran the value is 200 pg kg, and for wheat bran 100 ug kg™
The lowest value, 15 pg kg, was determined for foods for
infants and young children.

The growth of Fusarium and the production of mycotoxins,
including T-2 and HT-2 toxins, depend on multiple factors,
including temperature and humidity. Nazari et al. [8]
reported the temperature range optimal for the growth of
Fusarium langsethiae and Fusarium sporotrichioides and the
production of T-2 and HT-2 toxin: 15°C for F. langsethiae and
10-15°Cfor F. sporotrichioides. Further study by Nazari et al.
[9] determined the optimal temperature for the production
of T-2 and HT-2 toxin by Fusarium langsethiae and Fusarium
sporotrichioides as 14.7°Cand 12.1 °C. However, both studies
only used unprocessed cereal wheat grain as the research
material. Numerous studies have been published focused on
the presence of mycotoxins from the trichothecenes group
in cereals and cereal products; however, data regarding
contamination of cereal products intended for infants and
young children are limited.

OBJECTIVE

To address the gap in the literature, the aim of this study was
to assess the impact of temperature and storage duration on
type A and B trichothecenes levels in cereal grains, as well as
in cereal products, in particular products intended for infants
and young children. Established tolerable daily intake values
are referenced to assess potential risk to consumers resulting
from the consumption of tested products.

MATERIALS AND METHOD

Samples. Samples consisted of cereal grains characterized
by the highest consumption in Poland (wheat, oats), wheat
and oat bran, as well as cereal products for children. Wheat
and oat grains were obtained directly from the producers
of crops harvested in south-eastern Poland. Wheat and oat
bran, as well as cereal products intended for children, were
purchased from retailers in Krakow. Grain products for
children consisted of various differently composed instant
baby porridges intended for infants from the age of 4 months,
and small children. The wheat bran and oat bran selected for
the study, were without any flavour additives and contained
100% of the respective type of grain. On the other hand,
analysed baby cereal contained a mixture of various cereals,
including wheat, oats, rye, barley and millet.

Chemicals. Trifluoroacetic acid anhydride (TFAA) and
15-Acetoxycirpenol (15-MAS) were purchased from
Sigma, Krakow, Poland. N-(trimethylsilyl)-imidazol
(TMSI) and trimethylchlorosilane (TMCS) were obtained
for Fluka, Krakow, Poland. T2-Toxin (T-2), HT2-Toxin
(HT-2), scirpenol (SCI), 15-monoacetoxyscirpenol (15-
MAS), diacetoxyscirpenol (DAS), triacetoxyscirpenol
(TAS), fusarenon X (FUS-X), B-trichothecene-mixture
solution: nivalenol (NIV), deoxynivalenol (DON),
3-acetyldeoxynivalenol (3-AcDON)), 15-acetyldeoxynivalenol
(15-AcDON, were purchased from Riedel-de-Haen, Germany.

Sample preparation. Research was divided into two
stages. First stage included the assessment of the level of
microbiological purity (total number of colonies) and degree
of type A and B trichothecenes contamination in analysed
cereal samples. Samples were analysed for the total number of
colonies according to the method described in the standard
[10, 11]. Second stage involved only samples with confirmed
presence of mould. Before storage, the moisture content of
each individual sample was determined according to the
method described in ISO 712:2009 Report [12].

In order to provide favourable conditions for fungal
growth, the moisture content of all samples was increased
to 19% by adding an appropriate amount of distilled water.
Experimental samples were stored at 2 different temperatures
(6°C and 28°C) for 4 weeks (28 days). The content of A and
B trichothecenes was determined in all tested samples after
14 and 28 days of storage.

Mycotoxins analysis. Samples were analysed for the presence
of trichothecenes according to the report by Jelen and
Wasowicz [13]. 25 g of each sample were extracted in 100 ml
acetonitrile for 2 hrs, and then filtered through a paper filter.

To analyse the type A trichothecenes (T-2, HT-2, DAS, SCI,
15 MAS, TAS), 1 ml of the filtrate was evaporated to dryness,
and then re-dissolved in 200 ml of trifluoroacetic acid (TFA).
The obtained solution was heated in a thermoblock at 60 °C for
20 minutes. After cooling, the solution was again evaporated
to dryness and finally redissolved in 1 ml of isooctane.

To analyse the type B trichothecenes (DON, 3-Ac-DON,
FUS-X, NIV, 15-Ac-DON), 100 pl of trimethylchlorosilane
(TMCS) was added to 1 ml of the filtrate. The obtained
solution was set aside for 20 min at room temperature. 400 pl
of isooctane and 0.5 ml of water were then added and the
sample vortexed and left for 10-20 min for the layers to
separate. The isooctane layer was use for the analysis.

Isooctane sample extracts were analysed using a two-
dimensional gas chromatograph coupled with a Time-of-
Flight mass spectrometer (GCxGC-TOFMS) Pegasus 4D
(Leco). Each sample was prepared in triplicate.

Equipment. Quantitative analysis was performed using 2
dimentional gas chromatograph coupled to a time of flight
mass spectrometer. Analysed compounds were identified
and quantified using GC x GC-ToF-MS system (Pegasus 4D
LECO, St. Joseph, MI, USA). The GC was equipped with a
DB-5 column (25m x 0.2 mm X 0.33 um, Agilent Technologies,
Santa Clara, CA, USA) and Rxi*-17 (1.2 m x 0.1 mm x 0.1 pum,
Restek Bellefonte, PA) as a second column. Main oven
temperature was 80°C (1 min), then increased 20°C/min
to 170°C/ 3 min, then increased 4°C/min to 240°C/4 min,
and 10°C/min to 270 °C/5 min. A secondary oven was run at
temperatures 10 °C higher than in the first. Transfer line was
290°C. Injection port temperature — 280 °C, splitless mode
(60 s), helium flow - 0.8 ml/min, ion source temperature —
240°C. Spectra were collected at a rate 50 scans/s in a range
0f 100-700 Da. For 2 dimensional analysis modulation, time
was optimized and set at 5 s.

Statistical analysis. Results were analysed using two-way
analysis of variance (ANOVA) with a significance level of
p < 0.05.
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RESULTS AND DISCUSSION

The total colony-forming unit count in tested samples was in
range of 54 individual colonies to 4.3 x 10° CFU. The lowest
level of contamination was found in a sample from a cereal
product for children in the range from 54-75 CFU; mean
content — 65+ 10 CFU. The highest level of contamination
was found in cereal grains; in general, higher in oat grain
with a mean value 3.9x10°+4.1 x10* CFU, in the range
4.3x10° - 3.5x10° CFU than in wheat with a mean content
2.9%10°£3.2x10* CFU, in the range from 2.5 x 10° - 3.2 x 10°
CFU. Finally, the colonies count in wheat and oat bran
samples was lower than for cereal grains, and the mean value
was 2.2 x10°+4,4x 10> CFU, in the range 1.8 x 10° - 2.8 x 10°
CFU, and with a mean value of 2.7 x 10° £ 3. x 10> CFU, in the
range from 2.6 x 10° to 3.2 x 10° [CFU], respectively.

The moisture content of the tested samples,respectively,
was 3.8% for cereals, 7.8% for bran, and 3.5% for cereal
products for children.

Among all studied type A trichothecenes, only DAS and
HT-2 toxins were detected in tested samples. Measured HT-2
mycotoxin content in tested samples was in the range of 83.9
-196.4 ugkg' product (Tab. 1). The HT-2 toxin was identified
only in 2 out of 8 tested wheat samples (mean 84.7 pg kg")
and in 4 out of 8 oat samples (mean 126.7 pug kg*). Similarly,
HT-2 toxin was found in 2 out of the 8 wheat bran samples
(mean 189.3 ugkg') and in 2 out of 8 oat bran samples (mean
102.1 ug kg™).

The DAS toxin was determined in only 2 out of 8 wheat
grain samples (mean of 16.6 pg kg™).

Finally, no trichothecenes were found in tested cereal
products for children. The determined contents of HT-2
mycotoxin in wheat samples were higher than the values
reported by Alkadri et al. [14] in wheat from Italy and
Syria, ranging from 2-32 pg kg'. Also, the level of wheat
contamination with this toxin was lower in studies by
Lindblad et al. [15] concerning the occurrence of fusarium
toxins in wheat in Sweden, where its presence was detected
in only 3 samples.

Lower values were also found in the studies conducted by
Stuper-Szablewska and Perkowski [16] concerning wheat

Table 1. Trichothecenes content in analysed cereal samples

contamination in Poland, and by Suproniene et al. [17] in
Lithuania. Similarly, the content of HT-2 toxin in wheat
purchased from local stores in Italy was lower and in the
range of 6.78 pg kg - 60.10 pug kg [18]. Much lower HT-2
mycotoxin levels were also found in wheat and oat grain from
areas of Slovenia [19] and Croatia [20], and cereal products
in Poland [21], in which the last toxins T-2 and HT-2 were
found in 43% of the samples tested. The results for wheat and
oat bran samples showed higher levels of HT-2 toxin that
those reported by Rodrigeuez-Carrasco et al. [22]. On the
other hand, significantly higher levels of HT-2 mycotoxin
(113 pg kg' - 647 ug kg') were found in oat grain samples
harvested in south-eastern Poland [23] and in Sweden [24].
Finally, even higher levels of mycotoxins were found in wheat
grain and flour by Stanciu et al. [25], including DON toxin
in 8 samples (110-1,787 ug kg™).

It should be emphasized that no trichothecenes were
found in any of the samples of cereal products intended for
children. This is important from the point of food safety for
a particularly sensitive consumer, where even small amounts
can pose a health risk. However, studies exist that showed
different results. Results published by Oueslati et al. [26]
showed a contamination of cereal products intended for
children with DON (5-110 ugkg"), 15-Ac-DON (9-20 pg kg™)
and HT-2 (149-209 ug kg").

Fungal growth and production of mycotoxins in cereal
grains and cereal products may be influenced by various
factors, including product moisture content and air humidity,
as well as the temperature [27]. To investigate the effect
of temperature and storage duration on tested samples
(moisture content at 19%) mycotoxins levels, the experiment
was carried at 2 different temperatures (6 °C and 28 °C), and
lasting 28 days. The mycotoxin content was analysed twice,
after 14 and 28 days. Changes in the HT-2 toxin content in
samples when stored at 6°C are shown in Table 2, while
results for 28 °C are shown in Table 3.

After 14 days of samples storage at 6°C, results showed
a statistically significant increase in the level of HT-2 toxin
in all groups of samples. A 21.1% increase in the content of
HT-2 toxin in cereal grain samples and a 64.9% increase in
bran, compared to the level of mycotoxins in samples prior

Trichothecenes content [ug kg-1]

Mycotoxin LOD [pg/kg] LOQ [ug/kg] Wheat (n=8) Oats (n-8) Wheat bran (n=8)  Oat bran (n=8) Cerizlriﬁfzi;s(i:zr;ded
T-2 0.02 0.06 nd nd nd nd nd
7 £ ./+44. .3+10. 145,
o 003 mosss  Boters  1miio6s 9831058 nd
DAS 001 0.03 ::gf_ﬁ%; nd nd nd nd
Ne| 0.01 0.03 :\2:;’2 nd nd nd nd nd
15-MAS 0.03 0.08 nd nd nd nd nd
TAS 0.05 0.15 nd nd nd nd nd
DON 0.03 0.08 nd nd nd nd nd
3-AcDON 0.05 0.15 nd nd nd nd nd
15-AcDON 0.05 0.15 nd nd nd nd nd
NIV 0.01 0.03 nd nd nd nd nd
FUS-X 0,05 0.15 nd nd nd nd nd

nd - non-detected (<LOQ)
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Table 2. Changes in HT-2 toxin content in samples when stored at 6 °C [ug kg™]

Tested samples No. of samples

HT-2 content during storage

Before storage 14 days 28 days
84.7°+1.13 88.6°+4.47 88.9°+3.00
Cereals 83.9-855 78.7-93.7 829-924
Wheat s 25% 100% 100%
Oat 8 126.82+10.1 119.9°+48.1 119.4°+ 436
85.6-167.9 72.1-180.6 86.6 - 199.0
50% 100% 100%
Mean range 189.32+10.1 142.2°+343 151.7°+23.6
Positive samples Bran 182.1-196.4 100.7 - 195.5 126.1-189.3
% Wheat bran 3 25% 100% 100%
Oat bran 3 102.1°+53 106.4°+8.85 108.6"°+6.88
98.3-105.8 98.7-119.8 105.2-118.9
25% 100% 100%
ag ay
Cereal products intended for children 1257167 1317+ 1.44
Cereal products intended for children 8 nd 10.3-14.9 109149
100% 100%
nd - non detected (<LOQ)
a,b - statistically significant difference between mean values designated by the identical letters in rows p < 0.05
Table 3. Changes in HT-2 toxin content in samples when stored at 28°C [ug kg™].
HT-2 content during storage
Tested samples No. of samples
Before storage 14 days 28 days
84.7°+£1.13 87.7°+3.69 88.1°+3.09
Cereals 83.9-85.5 80.7-91.3 829-91.9
Wheat 3 25% 100% 100%
Oat s 126.8°+44.4 109.7°+34.9 119.4°+43.6
85.6-167.9 86.2-175.6 87.5-175.4
50% 100% 100%
Mean range 189.32+10.1 167.3°+11.7 167.8°+13.1
Positive samples Bran 182.1-196.4 153.3-185.0 151.7-187.0
% Wheat bran 3 25% 100% 100%
Oat bran s 102.1°+53 105.1°+5.82 104.7°+9.5
98.3-105.8 100.1-111.7 90.2-113.6
25% 100% 100%
at ay
Cereal products intended for children 8.797+0.93 8.60°:+0.62
Cereal products intended for children 8 nd 74-102 76-96
100% 100%

nd - non detected (<LOQ)

a,b - statistically significant difference between mean values designated by the identical letters in rows p < 0.05

to storage. More importantly, this increase was also observed
in samples of cereal products intended for children.

While the content of mycotoxins was below the level of
quantification before the storage, 14-day storage resulted
in an average increase to 12.5 ug kg (Tab. 3). Overall, the
mycotoxin contents found in stored wheat samples were
close (89%) to the indicative values (100 pg kg™) set by the
European Commission for the T-2 and HT-2 toxins in cereals
and cereal products [7]. However, for oats the results were
almost 10 times lower than the index value (1,000 ugkg™). For
processed cereal products, such as bran and cereal products
for children, only wheat bran exceeded the 100 pg kg* index
value (142% of the index value). A lower contamination level
was measured for oat bran (71% of the index value). Finally,
the HT-2 level in cereal products for children was lower than
the indicative value set at 15 ug kg (83% of the index value).

Similar to the results for storage at 28 °C, 14-day storage
at 28°C of the tested samples resulted in a statistically
significant increase in the level of HT-2 toxin. There was a
16% increase in the content of HT-2 toxin in cereal samples,
and a 90.7% increase in bran samples, compared to the level of
mycotoxins in samples prior to storage. Again, this increase
was also observed in samples of cereal products intended for

children. While the content of mycotoxins was below the level
of quantification before the storage, 14-day storage resulted
in an average increase to 8.8 pg kg (Tab. 4).

Comparison of the obtained results with published index
values showed a similar trend to that of samples stored at
6°C. For wheat cereal grains the mycotoxin content was
88% of the index value, while for oats — 10% of the index
value. Only wheat bran exceeded (167%) the index value.
Oat bran was 52.5%, and cereal products for children 59% of
their respective index values. In addition, the values for all
tested product groups were lower than the values obtained
for samples stored at 6 °C.

Results obtained by Nazari et al. [8] showed a statistically
significantincreasein the level of T-2 and HT-2 toxin produced
by Fusarium sporotrichioides throughout the storage period (1
- 30 days). However, for Fusarium langsethiae, no significant
effect of storage time on toxin production was observed.
Casquete et al. [28] studied the effect of physicochemical
factors on fungal growth and production of mycotoxins
by Aspergillus flavus. They found that 4-day-long storage
at different temperatures significantly increased the levels
of aflatoxins Bl. Then, depending on the test strain and
storage temperature, the level of this toxin did not change
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Table 4a.TDl values for HT-2 toxin for bran and cereal products intended
for children relative to the body weight of infants and children

Cereal Portion  %TDI relative to the body weight
product size A B C D E
Wheat bran 129" - - 1060 530 544
Oat bran 209 - 1143 572 587

Cereal products indended for

children B9 364 273 )

* portion size recommended by the producer
** due to the intended use of the product, the TDI values were not calculated

Table 4b. TDI values for HT-2 toxin for bran and cereal products for
children relative to the body weight of young adults and adults

Cereal Portion %TDlI relative to the body weight
product size E G H |
Wheat bran 129 301 360 288 322
Oat bran 209" 324 388 869 348

* portion size recommended by the producer

significantly throughout the 12- day experiment. Finally,
regardless of the storage temperature, no significant changes
in the levels of HT-2 toxin were observed in all samples after
28 days of storage.

The current study also assessed the impact of storage
temperature of the tested samples on the level of HT-2 toxin.
No significant changes were recorded for cereals and bran.
However, a statistically significant difference was found for
the levels of HT-2 toxin, depending on the temperature
during the storage of cereal products for children. During
storage for 14 days and 28 days, a temperature of 6°C was
more favourable for the production of HT-2 toxin.

The obtained results for the current study showed that
storage of cereal products at 6°C was more favourable for
the production of HT-2 toxin. Kokkonen et al. [29] also
reported that a temperature of 15 °C was more optimal for the
production of group A trichlters, compared to 25°C. Nazari
et al. [8] also found an optimal temperature for production
of the HT-2 toxin by Fusarium langsethiae at 15°C, and for
Fusarium sporotrichioides around 10-15 °C. However, Mylon
and Magan [30] showed quite the opposite. Authors studied
the optimal temperature for the production of T-2 and HT-2
toxin by Fusarium langsethiae during oat grain storage with
various water activity at 4 temperature ranges: 15°C, 20°C,
25°C, 30°C. Results showed 25°C to be most optimal. In
addition, storing oats at a higher temperature range, such as
20-30°Cin the Medina and Magan [31] study, was determined
as optimal for the production of T-2 and HT-2 toxin by
Fusarium langsethiae for aqueous activity of 0.98-0.995.

Based on the obtained results, the risk for consumers
resulting from the consumption of cereal products in relation
to the value of tolerable daily intake (TDI) was estimated.
The calculated values are expressed as % TDI (Tab. 4a, 4b).
The calculations were made based on the maximum values
of HT-2 toxin measured during the experiment (wheat bran
after 28 days storage at 28 °C, oat bran after 28 days storage at
6°C and cereal products for children after 28 days storage at
6°C), and the values of average body weight adopted from the
nutrition standards for the Polish population: infants aged
0.5-1-9.0 kg (A), small children aged 1-3 years - 12 kg (B),
children aged 4-6 - 19 kg (C), boys aged 10 -12 - 38 kg (D),
girls 10-12 years - 37 kg (E) boys aged 16-18 years - 67 kg

(F), girls 16-18 years — 56 kg (G), men - 70 kg (H), women
-62.5kg (I) [28].

Daily intake of HT-2 toxin with cereal products such as
wheat and oat bran or cereal products for children, stored
under the conditions described in the study, exceeded the
TDI value many times relative to the average body weight. In
addition, only one portion size recommended for consumption
by the producer was sufficient to exceed that value.

CONCLUSIONS

In all tested samples, prolonged storage at 19% humidity
for 14 days, both at 6°C and 28°C, resulted in a statistically
significant increase in the level of HT-2 toxin. Thus, storage
of cereal products under favourable conditions, including
high air humidity that can lead to an increase in the moisture
content, may promote the formation of HT-2 toxin. Further
storage of samples at both 6 °C and 28 °C did not result in an
increase in HT-2 toxin level.

Notably, even 14 days were sufficient for the formation of
HT-2 toxin in amounts posing a risk to the consumer. It is
common that cereal products (cereal bran, cereal, porridge
for small children) after being opened in an individual
household are stored in the original packaging for much
longer than 14 days.

The presented results show a statistically significant
negative effect of storage temperature on HT-2 mycotoxin
levels in cereal products for children. This effect was observed
after storage for 14 days and 28 days.

Finally, the results showed that a low temperature of 6 °C
was more conducive to the production of HT-2 toxin than a
higher temperature of 28 °C. There was no significant effect
of temperature on the level of HT-2 toxin in cereal grain and
bran samples.

This work is a part of PhD thesis of Piotr Pokrzywa.
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