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Deoxynivalenol content in wheat kernels showing
various levels of damage caused by
Fusarium culmorum
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uszkodzen spowodowanych przez Fusarium culmorum
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The content of Fusarium toxin deoxynivalenol (DON) was investigated in the grain of four winter wheat cultivars that
differ in susceptibility to Fusarium head blight. Wheat heads were inoculated with Fusarium culmorum spores. The
degree of damage to the kernels by Fusarium was assessed, and then the grain samples were divided into the following
fractions: healthy kernels, healthy shriveled kernels, normal-sized discolored kernels (white), and shriveled discolored
kernels (white, red). The highest content of DON was found in the fraction of discolored, shriveled kernels, i.e. the most
severely damaged by Fusarium. Depending on the cultivar, the DON content was 16 to 47 times higher than in the
healthy kernel fraction. This fraction contained from 54 to 91% of the DON contained in the total grain sample. A sig-
nificant content of DON was also found in discolored normal-sized kernels, the weight of which was similar to that of
healthy kernels. The healthy kernel fraction was divided into two parts based on fluorescence under ultraviolet (UV)
light. Kernels exhibiting fluorescence had three times higher DON content.

Keywords: Fusarium head blight, mycotoxins, grain, Fusarium-damaged kernels

Badano zawarto$¢ toksyny fuzaryjnej deoksyniwalenolu (DON) w ziarnie czterech odmian pszenicy ozimej ré6zniagcych
si¢ podatnosciag na fuzariozg¢ kltosow. Klosy pszenicy inokulowane byly zarodnikami Fusarium culmorum. Oceniano
stopien uszkodzenia ziarniakow przez Fusarium, a nast¢pnie proby ziarna dzielono na frakcje: ziarniaki zdrowe, ziar-
niaki zdrowe pomarszczone, ziarniaki normalnej wielkosci przebarwione (biate), ziarniaki przebarwione (biate, rozowe)
pomarszczone. Najwyzsza zawartos¢ DON stwierdzono we frakcji ziarniakow przebarwionych pomarszczonych czyli
najsilniej uszkodzonych przez Fusarium. Byla ona od 16 do 47 razy wyzsza niz we frakcji ziarniakoéw zdrowych, zalez-
nie od odmiany. W tej frakcji znajdowato si¢ od 54 do 91% DON zawartego w calej probie ziarna. Znaczng zawarto$c¢
DON stwierdzono rowniez w przebarwionych ziarniakach normalnej wielkosci, ktorych masa tysigca ziarniakow byta
zblizona do masy ziarniakoéw zdrowych. Frakcje ziarniakoéw zdrowych podzielono na dwie czgéci na podstawie obser-
wacji fluorescencji w $wietle UV. We frakcji ziarniakow wykazujacych fluorescencje zawarto§¢ DON byt trzykrotnie
wyzsza.

Stowa kluczowe: fuzarioza ktoso6w, mykotoksyny, ziarno, ziarniaki uszkodzone przez Fusarium

The accumulation of Fusarium toxins in cereal

Introduction grains depends on different factors. Genetic re-

Fusarium head blight (FHB) is a disease pos-
ing serious problems for wheat and barley crops
worldwide (Goswami and Kistler, 2004). The dis-
ease is caused by several species of Fusarium fun-
gi, including Fusarium culmorum and F. gramine-
arum (Bottalico and Perrone, 2002). These fungi
infect developing heads of wheat and cause the
grain to become discolored and shriveled, reduc-
ing the yield and quality of the crop. FHB can
cause significant yield losses and reduce grain
quality by contamination with mycotoxins. The
presence of mycotoxins produced by Fusarium
species in infected grain can also pose a risk to
human and animal health (Bakker et al., 2018).
The most important mycotoxins in small-grain
cereals are deoxynivalenol (DON), its acetyl de-
rivatives 15-AcDON and 3-AcDON, and zeara-
lenone (ZEN) (Ji et al., 2019).
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sistance to FHB, which is very complex, includes
different types - resistance to initial head infection
(type 1), resistance to spread within the head (II),
resistance to kernel infection (III), tolerance
against FHB and trichothecenes (IV), and re-
sistance to mycotoxins itself (V) (Mesterhazy,
1995; Foroud and Eudes, 2009). The last type also
covers different mechanisms (Boutigny et al.,
2008). It is divided into two classes, V-1 and V-2.
Plants with type V-1 resistance can chemically
alter trichothecenes, which causes the toxins to be
degraded or detoxified. The genotypes with type
V-2 resistance are capable of preventing the inva-
sive fungus from synthesizing trichothecenes. The
influence of climatic conditions during kernel de-
velopment is also an important factor in the
amount of mycotoxins in grain (Miedaner, 1997).
Many published results show that there is a corre-
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lation between the severity of Fusarium-infection
of head or kernels and mycotoxin content in grain
(Liu et al., 1997). Fusarium head and kernel infec-
tion results in a decrease in kernel size and weight.
The accumulation of mycotoxins in kernels of dif-
ferent sizes was studied. It was found that the
smallest kernels have a considerable share in total
mycotoxin content in cereal grain (Dowell et al.,
1999; Perkowski et al., 2003)

This work aimed to detect the above mycotox-
ins in fractions of wheat kernels showing different
levels of Fusarium damage. The results deter-
mined which fraction is the main source of myco-
toxins in grain samples from FHB-infected wheat
cultivars.

Material and Methods

Field experiment

In 2020, four winter wheat cultivars were test-
ed at PBAI-NRI Radzikow for their resistance to
Fusarium head blight (FHB). The cultivars Fregata
and Turnia demonstrated a medium level of re-
sistance, whereas Kampana and Muszelka were
found to be susceptible (Goral and Walentyn-
Goral, 2018). The field experiment was estab-
lished as a randomized complete block design.
Wheat cultivars were seeded in 1 m” plots in three
replications and a control set. Until heading, all
plots were treated with foliar fungicide Tilt Plus
400 EC.

Two isolates of Fusarium culmorum (KF 846,
ZFR 112), producing deoxynivalenol in vitro
(B3ADON chemotype), were used for inoculum
production (Goéral et al.,, 2019; Ochodzki and
Goral, 2006). These isolates were previously test-
ed for aggressiveness to wheat and triticale and
used for resistance screening under field condi-
tions (Goéral et al., 2013). Isolates were incubated
with autoclaved wheat grain in glass flasks for
about 4 weeks and next exposed to permanent UV
for 4 to 7 days at 18°C. The mycelium-colonized
grain was dried and stored in the refrigerator at
4°C until usage.

On the day of inoculation, the grain with
Fusarium mycelium was suspended in tap water
for 2 h and filtered to obtain conidial suspension.
The suspensions of each of the isolates were com-
bined and adjusted to 10° spores/ml using a hemo-
cytometer.

Heads of wheat plants were sprayed with
a spore suspension at anthesis at a rate of
100 ml/m?. Inoculations were performed individu-
ally on each plot at the beginning of the anthesis
(BBCH 61) and repeated about 3 days later at full
anthesis (BBCH 65) (Buerstmayr et al., 1999). At
this stage wheat is the most sensitive for Fusarium
head infection (Gyorgy et al., 2020). The inocula-
tions were carried out in the evening when the
humidity levels were higher.
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The disease was first rated at about 10 days
after the last inoculation. Three ratings were done
at 7-d intervals. Fusarium head blight index was
scored based on the mean percentage of blighted
spikelets per infected head (disease severity) and
the percentage of infected heads per plot (disease
incidence).

After ripening, 30 heads were harvested manu-
ally from each plot and threshed with a laboratory
thresher at a low wind speed to prevent loss of low
-weight infected kernels. Relative to control re-
ductions of yield components (yield per head,
1000-kernel weight, specific kernel weight) were
determined. Next wheat kernels were divided into
four fractions according to the level of Fusarium
damage (Argyris et al., 2003): a) 'healthy-looking'
kernels (HL), b) 'shriveled healthy-looking kernels
(HLS), c) 'normal white' kernels (white discolored,
normal size) (NW), d) 'white shriveled' kernels
(pink or white discolored, shriveled, 'tombstone')
(WS). Healthy-looking kernels were subsequently
divided into two fractions emitting [UV(+)] or not
emitting [UV(-)] light under ultraviolet (360 nm)
lamp. Kernels from all fractions were counted and
weighted.

Analysis of mycotoxins

Kernels from three replications of fractions
were combined and ground in a coffee mill.

The content of the trichothecenes of B group
(deoxynivalenol [DON], 3-acetyl deoxynivalenol
[3Ac-DON], 15-acetyl deoxynivalenol, [15Ac-
DON], nivalenol [NIV]) in the wheat grain was
analyzed, using the technique of gas chromatog-
raphy. Mycotoxins were extracted from 5 g of
ground grains using 25 ml of an aqueous solution
of acetonitrile (acetonitrile: water 84: 16). Sam-
ples were shaken on the 1aborator?/ shaker over-
night, centrifuged (3000 rpm min~, 5 min.), and
the extract was purified with MycoSep® 227
Trich+ columns (Romer Labs Inc., Union, MO).
One microliter of the internal standard solution
(chloralose) was added to 4 ml of purified extract.
The solvent was evaporated to dryness in the air
stream. Mycotoxins were derivatized to the trime-
thylsilyl derivatives using a derivatizing agent
Sylon BTZ (BSA + TMCS + TMS]I, 3: 2: 3, Supel-
co). After the dissolution of the sample in isooc-
tane, the excess derivatizing agent was decom-
posed and removed with water. The organic layer
was transferred to an autosampler vial and ana-
lyzed chromatographically with gas chromato-
graph SRI 8610C, with BGB-5MS column of
30 m in length, and an internal diameter of
0.25 mm.

Hydrogen was a carrier. Elution was carried
out in the temperature gradient. Mycotoxin detec-
tion was carried out using an electron capture de-
tector (ECD). Identification of individual com-
pounds was made by comparing the retention
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times of the pure standards of mycotoxins. The
concentration of mycotoxins was established
based on the calibration curve, using chloralose as
the internal standard. The content of trichothe-
cenes B was expressed as toxin weight (mg) per
grain weight (kg).

The content of ZEN was determined using a
quantitative direct and competitive enzyme-linked
immunosorbent assay (ELISA) AgraQuant® Zear-
alenone 25-1000 (LOD 20 ppb, LOQ 25 ppb)
(Romer Labs GmbH, Tulln, Austria). A 5 g ground
sample was placed in a conical 50 mL Falcon cen-
trifuge tube; then, 25 mL of the solvent (methanol
—water 70:30 v/v) was added. The sample was ex-
tracted for 1 h on a shaker and then centrifuged
(1620 g, 5 min). The obtained extract was ana-
lyzed with the ELISA method according to the
procedure described by Romer Labs. The content
of ZEN was expressed as toxin weight (mg) per
grain weight (kg).

Statistical analysis

Statistical analysis was performed using the
XLSTAT Life Science package (Version
2021.3.1.1177, Lumivero, Denver, CO, USA). An
analysis of variance was performed on the FHB
index, maximal FHB index, and reductions of
GWH, TKW, and test weight (XLSTAT: ANOVA
procedure). The factors were: cultivar and rating
date. Fisher's NIR multiple comparison test was
used to compare the means for cultivars. The sig-
nificance of differences between fractions for
TKW, DON, and 3Ac-DON content was tested
using the Kruskal-Wallis nonparametric test
(XLSTAT: Comparison of k-samples procedure).

Results

The weather conditions in Radzikéw in 2020
were favorable for the development of Fusarium
head blight. During the inoculation in early June,
the average temperature was 16°C (minimum
10.7°C, maximum 21.6°C). After the inoculation,

the average temperature increased to 20.6°C
(minimum 15.4°C, maximum 26.4°C). The total
precipitation in the first two decades of June was
50 mm. In the third decade, the precipitation was
low, but it occurred frequently. Overall, there were
only 7 rainless days in June. In July, the rainfall
was very low (total precipitation 11.6 mm). There
were 11 days with rainfall. The temperature was
lower than in June after the inoculation and aver-
aged 19.2°C (minimum 12.2°C, maximum
26.4°C).

Wheat cultivars differ in their phenotype. Cul-
tivars Muszelka and Kampana had short straws,
Fregata . was average and Turnia was tall (Table
1). Cultivars Fregata and Muszelka were flower-
ing 3-4 days later than Turnia and Kampana. The
average FHB indexes for Fregata and Turnia were
FHBi = 20.7 % and FHBi = 21.8 %, respectively,
and did not differ significantly. Maximal FHBI
was higher for Turnia cultivar. The average FHB
indexes for cultivars Muszelka and Kampana were
FHBi = 56.0 % and FHBi = 57.3 %, respectively,
and did not differ significantly. Maximal FHBis
did not differ significantly for these cultivars. Cul-
tivars Muszelka and Kampana have about twofold
higher head infected than Turnia and Fregata. Re-
ductions of yield components were lowest for cul-
tivar Fregata and somewhat higher for Turnia.
Cultivar Muszelka exhibited the highest yield
component reduction despite the head infection
being similar to that for Kampana.

The TKW ranged from 17.0 g for white shriv-
eled kernels of cultivar Muszelka at 53.4 g for nor-
mal white kernels of Turnia (Table 2). Normal
white kernels of resistant cultivars Fregata and
Turnia had higher weight than healthy-looking
kernels. On average TKW was highest for cultivar
Turnia (42.8 g) and the lowest for Muszelka
(22.6 g).

The percentage of healthy-looking kernels
(HL+HLS) was the highest for cultivar Fregata,

Table 1
Tabela 1
Characteristics of phenotype and reaction to FHB of four winter wheat cultivars
Charakterystyka fenotypu i reakcji na fuzarioza klosow czterech odmian pszenicy ozimej
Maximal Test weight
Flowering Height . . -2 GWH* TKW * reduction
. i > Disease . FHB index FHBI . . .
Cultivar date Wysoko$¢ e Disease reduction reduction Redukcja
- . incidence SRS Indeks FK Maksy- - -
Odmiana Termin (cm) (%) severity (%) (%) malny IFK Redukcja Redukcja masy ob-
kwitnienia ! 0 0 y MZK? (%) MTZ* (%) jetosciowej
o (%)
Fregata 45.0 109.3 76.7 26.7 20.7 a 36.0a 57.7a 244 a 11.1a
Turnia 42.0 114.7 76.7 27.5 21.8a 40.0 a 582a 29.7a 16.1a
Muszelka 42,0 89,3 80,0 70,0 56,0 b 72,0 b 80,2 b 50,6 b 33,1b
Kampana 41,5 85,0 80,0 71,7 573b 72,0 b 71,3 b 37,1b 26,5b

'- number of days from May 1; > — third rating; * - GWH — grain weight per head; * - TKW — thousand kernel weight; values marked with the
same letter are not significantly different at p = 0.05 (analysis of variance, Fisher’s LSD test)
'- liczba dni od 1 maja; > — trzecia ocena; * - MZK — masa ziarna w klosie; * - MTZ — masa tysigca ziarniakow; wartoéci oznaczone ta sama

litera nie r6znig si¢ istotnie statystycznie dla a. = 0,05 (analiza wariancji, test NIR Fishera)
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Table 2
Tabela 2

Thousand kernel weight of kernel fractions showing different levels of Fusarium damage and their contribution to whole
samples of grain of four winter wheat cultivars
Masa tysiaca ziarniakow frakcji ziaren wykazujacych rézne stopnie uszkodzenia przez Fusarium i ich udzial w calych
probach ziarna czterech odmian pszenicy ozimej

Fregata Turnia Muszelka Kampana

Fraction Thousand kernels weight TKW (g)

Frakcja Masa tysiaca ziarniakow (g)
HL 38.8 48.9 36.5 45.9
HLS 23.1 22.5 26.6 249
NwW 432 53.4 29.7 41.2
WS 21.5 252 17.0 20.2
Mean TKW
Srednia MTZ 36.3 42.8 22.6 26.0

Contribution of kernel fraction to the whole sample
Udziat frakcji w catej probie

Fraction % of kernels % weight % of kernels % weight % of kernels % weight % of kernels % weight

Frakcja % ziarniakow % masy % ziarniakow % masy % ziarniakow % masy % ziarniakow % masy
HL 77.3 82.5 61.1 69.8 8.9 14.3 14.1 239
HLS 43 2.8 12.0 6.3 314 36.8 24.8 242
NW 6.4 7.7 12.3 15.3 7.2 9.3 5.1 8.0
WS 11.9 7.0 14.6 8.6 52.5 39.5 56.0 43.9

HL — healthy looking, HLS - healthy looking shriveled, NW — normal white, WS — white shriveled
HL — zdrowe, HLS — zdrowe pomarszczone, NW — normalne biate, WS — biate pomarszczone

and lower for Turnia which had a higher share of
shriveled (HLS) kernels. For cultivars Muszelka
and Kampana share of HL+HLS kernels was simi-
lar, however, Muszelka had more shriveled kernels
than Kampana. Normal white kernels were found
mainly in the grain sample of cultivar Turnia.
Their number was lower in samples of resistant
cultivar Fregata and susceptible cultivars Kampa-
na and Muszelka.

Chemical analysis revealed the presence of
DON and 3Ac-DON in analyzed samples. No
15AcDON or NIV were detected. The average
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content of DON in the grain of low-susceptible
cultivars was 7.673 and 11.004 mg/kg (Table 3). It
was 44.602 and 50.991 mg/kg in the grain of high-
ly susceptible ones. Most mycotoxins (55-75%)
were accumulated in kernels described as white
shriveled (WS). The DON concentration in these
kernels was 70.515-108.116 mg/kg (Figure 1).
From 15 to 33% of the total DON amount was
found in normal white (NW) kernels. The DON
concentration in this fraction was 15.343-23.841
mg/kg. The rest of DON was detected in healthy-
looking (HL) and shriveled healthy-looking (HLS)

C

Control Kontrola Healthy looking Healthy shriveled Normal white
Zdrowe pomar-
szczone

Zdrowe

White shriveled Inoculated mean
Biate pomar- Inokulowane
szczone Srednia

Biate normalne

ETKW MTZ @EDON @3Ac-DON

Figure 1. Average thousand kernel weight (TKW), DON, and 3Ac-DON content in the control grain and different frac-
tions of the grain of four wheat cultivars inoculated with F. culmorum. Values marked with the same letter are not sig-
i nificantly different at p = 0.05 (Kruskal-Wallis test).
Rysunek 1. Srednia masa tysiaca ziaren (MTZ), zawarto$¢ DON i 3Ac-DON w ziarnie kontrolnym i réznych frakcjach
ziarna czterech odmian pszenicy inokulowanych F. culmorum. Warto$ci oznaczone ta samg literg nie réznig sie¢ istotnie
statystycznie dla o = 0,05 (test Kruskala-Wallisa).
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Table 3
Tabela 3

The concentration of DON and 3Ac-DON in kernel fractions of four winter wheat cultivars
Zawarto$¢ DON i 3Ac-DON we frakcjach ziarniakow czterech odmian pszenicy ozimej

Sample description

DON/3Ac-DON ratio

Opis proby DON (mg/kg) 3Ac-DON (mg/kg) Wspolezynnik DON/3Ac-DON

Fregata control / kontrola 0.681 0 -
Fregata HL and HLS 0.921 0.161 59
Fregata NW 15.343 1.020 15.0
Fregata WS 81.424 4.653 17.5
Turnia control / kontrola 0.737 0.771 0.9
Turnia HL 1.600 0.622 2.6
Turnia HLS 2.722 0.233 12.0
Turnia NW 23.841 0.981 24.4
Turnia WS 70.515 4.593 15.4
Lurnia inoculated = mean /inoku- 11.004 0.990 1.1
Muszelka control / kontrola 1.630 0 -
Muszelka HL 2.321 0.073 33.1
Muszelka HLS 3.464 0.171 20.4
Muszelka NW 62.423 2.502 25.0
Muszelka WS 108.116 9.324 11.6
Nela noed_men
Kampana control / kontrola 1.635 0.241 6.8
Kampana HL 4.633 0.127 38.6
Kampana HLS 3.210 0.112 29.2
Kampana NW 29.021 1.132 25.7
Kampana WS 92.957 6.174 15.1
Kampana inoculated — mean / 44.602 2821 15.8

inokulowane - $rednia

HL — healthy looking, HLS — healthy looking shriveled, NW — normal white, WS — white shriveled
HL — zdrowe, HLS — zdrowe pomarszczone, NW — normalne biate, WS — biate pomarszczone

kernels. The content of acetylated derivatives of
DON increased along with the increase in the level
of kernel infection, from about 0.073-0.622 mg/kg
in healthy grain (HL, HLS) to 0.981-2.502 mg/kg
in NW kernels and 4.593-9.324 mg/kg in WS ker-
nels.

The DON/3Ac-DON ratio was the lowest for
WS kernels (14.9) where considerable amounts of
3Ac-DON were detected (Table 3). For the other
fractions (HL, HLS, NW) ratios were similar
amounting to 20.0, 20.5, and 22.5. respectively.
However, for HL kernels the ratio was high for
susceptible cultivars (35.9) and low for resistant
(4.2). In the other fractions, the variability of the
ratio was low.

ZEN was only detected in normal white ker-
nels (NW) and white shriveled (WS) in inoculated
samples, at levels of 0.070 mg/kg and 0.341-0.721
mg/kg, respectively. The level of ZEN in healthy-
looking kernels (HL, HLS) was below the limit of
detection.

In HL fractions of Fregata and Turnia, about
25% of kernels emitted light when exposed to
a UV lamp (Table 4, Figure 2). The amount of
DON in the UV(+) fraction was three times higher
(3.148 mg/kg) than in the UV(-) fraction (0.706
mg/kg). In the UV (+) fraction of Fregata grain, the
amount of 3Ac-DON was low. However, in the
UV(+) fraction of Turnia, it was significantly
higher.
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Table 4
Tabela 4

The concentration of DON and 3Ac-DON in two fractions of healthy-looking kernels (HL) of Fregata
and Turnia cultivars
Zawarto$¢ DON i 3Ac-DON w dwéch frakcjach zdrowych ziarniakéw (HL) odmian Fregata i Turnia

Contribution to the whole

Samgﬁfgiggg“‘m [fgga‘;lsv(zlgeﬁgge DON (mg/kg) 3Ac-DON (mg/kg) DON/3Ac-DON
(% masy)
Fregata HL UV(-) 79.1 0371 0.144 2.6
Fregata HL UV(+) 20.9 3.014 0.241 12.5
Turnia HL UV(-) 75.0 1.040 0.522 2.0
Turnia HL UV(+) 25.0 3.282 0.915 3.6

‘ ¢
- vy,
1LY

Fig. 2. Normal white kernels (NW) (top) and healthy-looking kernels (HL) (bottom) of the Turnia cultivar in visible
and UV light
Rys. 2. Ziarniaki normalnej wielkosci przebarwione (NW) (géra) i zdrowe ziarniaki (HL) (dél) odmiany Turnia
w Swietle widzialnym i Swietle UV

Discussion

There was a significant variation in the severi-
ty of Fusarium head blight (FHB) between the two
cultivar groups, leading to a marked difference in
the level of kernel damage. This finally resulted in
significant differences in the levels of DON and
3Ac-DON present. The data from the literature
showed a correlation between the degree of infec-
tion of the heads and grains of triticale and wheat
and the content of mycotoxins (Buerstmayr and
Lemmens, 2015; Paul et al., 2006, 2005). This was
confirmed by the author's research on winter
wheat and triticale, in which higher correlations
were obtained between the degree of kernel dam-
age than the degree of head infection and the con-
tent of DON (Goéral et al., 2019). For both cereals,
the strength of the correlations varied depending
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on the environment. However, this variability was
more pronounced in triticale (Goéral et al., 2021;
Mesterhazy et al., 1999).

The content of mycotoxins, especially DON,
in the most severely damaged kernels, was similar
to the values obtained during the growth of iso-
lates of F. culmorum and F. graminearum used for
inoculation in wheat as a solid medium (Ochodzki
and Goral, 2006). This is in line with other reports,
showing that the smallest kernels are the most
contaminated with mycotoxins (Beyer et al.,
2010). However, it is surprising that the mormal
white' kernels (NW) that also contained a high
concentration of DON were also the heaviest
among the fractions examined.

The kernels defined as healthy also contained
mycotoxins at or above the maximum permitted
level by the European Union (Anonymous, 2006).
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It was the effect of a severe infection of the heads
and kernels after inoculation with Fusarium. It
was possible to separate this fraction into two sub-
samples according to the light emittance in UV
light. About 20-25% of kernels emitted light and
this subsample contained more than 3 mg/kg of
DON. The remaining kernels contained much low-
er DON comparable to the DON amount in control
kernels.

Our results showed that in a sample of grain
obtained from FHB-infected cereal the most in-
fected kernels are the main source of Fusarium
toxins. In our experiment concentration of total
DON and 3Ac-DON in healthy (or healthy-
looking) kernels was 16-47 times lower than in
visible damaged kernels. This fact can be used to
reduce the contamination of the grain sample by
removing infected kernels with the highest myco-
toxin content. Brodal et al. (2020) investigated the
possibility of reducing oat grain contamination
with T-2 and HT-2 toxins, DON, and enniatins.
Grain sorting consisted of removing the smallest
grains. This resulted in a reduction in T-2/HT-2
content by 44%, DON by 24%, and enniatin by
44%. At the same time, it should be noted that the
small reduction in the content of DON resulted
from the fact that the fraction of large kernels con-
tained significant amounts of this toxin. On aver-
age, in small cocci, the concentration of DON was
twice as high. For T-2/HT-2 toxins, it was from
4 to 8, depending on the year of testing.

In their review paper, Cheli et al. (2013) inves-
tigated the effectiveness of different sorting meth-
ods in removing mycotoxins from wheat grains.
For DON it was from 7 to 63%, for T-2 and HT-2
above 50%, and for ZEN from 7 to 40%. Manual
sorting, size-based sorting, and gravity sorting
were used. A paper published in 2018 by Peng et
al. (2018) also reviewed the results of various
studies and cleaning of wheat grain samples. In
the case of DON, the mycotoxin removal efficien-
cy was up to 89% using gravity separation (Tibola
et al., 2016). For T-2/HT-2 toxins, this efficacy
was up to 100, but scouring and polishing were
also used in addition to sorting (Lancova et al.,
2008). Interestingly, in this study, the efficiency of
removing DON was lower (about 50%) than in the
work cited above.

Schaarschmidt and Fauhl-Hassek (2018) pre-
sented another review. They summarized several
papers on reducing the content of mycotoxins
(DON, NIV, ZEN, T-2/HT2). A very wide varia-
tion in efficiency was observed for DON, ranging
from 5% to almost 90%. The authors draw atten-
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