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During the period 2003-2005, spring and winter cereal grain samples were
analysed for the presence of the mycotoxins deoxynivalenol (DON), zearale-
none (ZEN), T-2 toxin, ochratoxin A and aflatoxin (total) by the ELISA
(enzyme-linked immunosorbent assay) method at the Lithuanian Institute of
Agriculture.

Mycotoxin DON produced by the fungi of the genus Fusarium was found
to be most frequent in Lithuanian-grown cereal grains. DON-contaminated
samples accounted for 84.0-98.0% of the total samples analysed. Grains of
spring cereals were found to be more heavily contaminated by this toxin than
those of winter cereals.

The level of ZEN contamination was higher in spring wheat, barley and
oats as compared with winter wheat, rye and triticale grains.

T-2 toxin producers Fusarium poae, F. sporotrichioides prevailed in the
Lithuanian-grown cereal grains. Analysis of T-2 toxin in oat grains showed
the actual relevance of studies of this toxin, since during the period 2003—
2005 the oat grains tested was 100% contaminated with this toxin. Elevated
T-2 toxin concentrations were identified not only in oats but also in spring
barley and winter rye grain samples.

Eighty per cent of spring barley grain samples were contaminated with
ochratoxin; in 42.0% of samples its concentrations exceeded 3.0 pug kg, and
their contamination with aflatoxin (total) amounted to 67.9%, but the contents
identified did not exceed the levels specified in the EU regulations.
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INTRODUCTION

The main purpose of grain cultivation is the production
of high — quality food-related raw materials for the
processing industry. Natural toxins, such as mycotoxins,
have emerged as a significant factor affecting the safe-
ty image of cereal grains as a raw material for the
food and feed industry. Previous studies in Lithuania
(Bakutis et al., 1997; Keblys et al., 2000; Baliukoniené
et al., 2003; Gauril¢ikiené et al., 2005, Semaskiené et
al., 2005) and in other European countries (Muller et
al., 1998; Tanaka et al., 1988; Bennett, 2003; Doll et
al., 2002; Park, 1996; Schollenberger et al., 2002) as
well as globally (Tanaka et al., 1988; Webley, Jackson,
1998) have shown that there is a reason to focus on
Fusarium toxins and their appearance. A planned Euro-
pean Union directive will specify the maximum limits
for trichothecenes such as deoxynivalenol (DON), T-2
toxin and HT-2 toxin and for zearalenone (ZEN) and
fumonisins. DON is the most frequently found conta-
minant of barley, wheat, oats and corn throughout the
world (Scott, 1989; Eskola, 2002). In addition to DON,

T-2 toxin, HT-2 toxin and ZEN frequently occur in
cereal crops cultivated in northern temperate regions
(Hietaniemi et al., 2004; Grabarkiewicz-Szczesna, 2001;
Edwards, 2004; Muller et al., 1998; Rasmussen, 2003;
Thuvander et al., 2001). Fumonisins cause more exten-
sive problems in the Southern than in the Northern
Hemisphere (Shephard et al., 1996). The most frequ-
ently isolated Fusarium species are F. graminearum, F.
culmorum, F. moniliforme, F. poae, F. eqiseti and F
proliferatum (Eriksen, Alexander, 1998; Eskola et al.,
2001; Creppy, 2002).

The mycotoxin ochratoxin A (OTA) frequently con-
taminates cereal grains, coffee beans, nuts, olives (Fa-
zekas et al., 2002; Wood et al., 1996). In Northern
Europe, OTA is mainly produced by the moulds Peni-
cillium verrucosum and Aspergillus ochraceus during
storage of cereal grains (Creppy, 2002; Frisvad, Sam-
son, 1991; Krogh, 1987; Kuiper-Goodman, 1989; Lund
and Frisvad, 2003). OTA contamination has mainly be-
en associated with post-harvest conditions (Abramson
et al., 1990; Mills, 1990). Fungi of the genus Penicil-
lium have been found to be responsible for
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OTA-contaminated grain in colder areas (Scandinavia
and Canada). Aspergillus ochraceus was isolated in war-
mer climatic zones (Yugoslavia, Australia) and in cof-
fee bean producing countries (Frisvad and Samson,
1991). The experimental evidence on ochratoxin A oc-
currence in Lithuanian-grown cereals is rather limited;
a more comprehensive research has been done into the
fungi producing this mycotoxin (Lugauskas et al., 2004).

Aflatoxins can contaminate agricultural commodities
including corn, wheat, rice, peanuts and many other
crops (Aly, 2002, Sinha and Sinha, 1991). Aflatoxins,
each of which is a group of closely related mycoto-
xins, may be produced by A. flavus, A. parasiticus.
Four different aflatoxins, B1, B2, Gl and G2, have
been identified, B1 being the most toxic, carcinogenic
and prevalent. Monitoring of aflatoxins and their pro-
ducers in Lithuania is mainly done for imported com-
modities, while data on Lithuanian-grown grain conta-
mination with this toxin are insufficient.

Temperature and moisture conditions during the gro-
wing season and insect infestations are critical factors
affecting fungal infection and toxin synthesis (Cromey,
2001). More mycotoxins were produced during the
warm, dry summers than in rainy and cool summers
(Grabarkiewicz-Szczesna, 2001).

The aim of the present study was to investigate the
occurrence of mycotoxins DON, T-2, ZEN, ochratoxin
A, aflatoxin (total) in grains of different cereal species
grown for food and feed in Lithuania during 2003-2005.

MATERIALS AND METHODS

Samples. Grain samples of winter and spring wheat
(Triticum aestivum L.), spring barley (Hordeum disti-
chon L.), winter triticale (xTriticosecale Wittm.), winter
rye (Secale cereale L.) and spring oats (Avena sativa
L.) were collected at harvest in 2003-2005 from the
Lithuanian Institute of Agriculture in Dotnuva and ana-
lysed for contamination by DON, ZEN, T-2 toxin, af-
latoxin (total) and ochratoxin A. The number of sam-
ples analysed is given in Table 1. Part of each sample
was subjected to mycological contamination and the ot-
her part (about 50 g) was air-dried, milled in a IKA
A1l Basic mill and kept at —20 °C until analysis.
Analysis of mycotoxins. The wheat, rye, oats and
barley samples were analysed by the ELISA (enzyme-

linked immunosorbent assay) method (Bennet et al.,
1994; Wilkinson et al., 1992). The method is based on
the antibody—antigen interaction, provides a sensitive,
rapid and accurate monitoring of mycotoxins and is
suitable for screening large numbers of samples. The
Veratox test kits (Neogen Corporation, USA) approved
by the AOAC Research Institute (Certificate N 950702)
were used for the analysis. Mycotoxin extraction and
tests were performed according to manufacturer’s in-
structions. The optical densities of samples and con-
trols from standard curve were estimated with a multi-
channel programmable Multiskan MS photometer (Lab-
systems, Finland) using a 650 nm filter and the Point
to Point calculation mode. The measured absorbances
were automatically converted to the mycotoxin concen-
tration units pg kg

While assessing our data with regard to food and
forage safety we referred to the EU document No 856/
2005 for deoxynivalenol and zearalenone, No 123/2005
for ochratoxin, No 466/2001 for aflatoxins and global
research recommendations for T-2 toxin (Eriksen, Ale-
xander, 1998).

Mycological analysis. To determine grain internal con-
tamination by mould fungi the agar plate method
(HaymoBa, 1970; Mathur and Kongsdal, 2003) was ap-
plied. One hundred grains were tested for each sample.
The grains were sterilized with 3% sodium hypochlorite
for 2 min and rinsed three times with sterile water. After
that the grains were drained with sterile filter paper and
placed onto Petri dishes containing MEA with addition
of streptomycin (250 mg 1'). The dishes were incubated
for seven days at 26 °C. After incubation, the number of
micromycete species detected in each grain was calcula-
ted. The species frequency of occurrence (FO) as the
ratio of the number of grains where the species was
detected to the total number of grains tested, expressed
in percentage, were calculated (Booth, 1971; Gonzélez
et al., 1995). The species were identified on the basis of
their morphological and cultural characteristics according
to Ellis (1971, 1976), bunait (1977), Arx (1981), Ger-
lach, Nirenberg (1982), Nelson et al. (1983).

RESULTS AND DISCUSSION

Results of mycotoxins in grain samples of winter and
spring cereals in 2003-2005 are reported in Tables 2-5.

Table 1. The number of cereal grain samples tested for mycotoxins contamination, 2003-2005

Number of samples
Mycotoxins Winter cereals Spring cereals Total
Wheat Rye Triticale Wheat Barley Oats
DON 220 23 21 53 116 14 447
ZEN 176 17 21 33 112 7 366
T-2 91 8 7 12 47 10 175
Ochratoxin A 35 1 2 2 15 - 55
Aflatoxin - - - - 56 - 56
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Table 2. DON contents in grains of different cereal species and seasonal types, 2003-2005

Distribution of positive samples Average Max
s Total number Positive accogi(l;l}gj to cc;ntj:nt of concenlt(ra-tllon concenlt(ra-tllon
of e (ng kg ug kg ug kg
Samples % <100 100-300 >300
Winter cereals
Wheat 220 185 84.0 134 49 2 64.3 987.0
Rye 23 21 91.3 12 7 2 138.0 919.0
Triticale 21 19 90.5 10 6 3 135.0 427.0
Spring cereals
Wheat 53 52 98.0 15 28 9 204.0 847.0
Barley 116 113 97.4 66 45 2 95.5 375.0
Oats 14 13 92.8 7 6 0 94.6 204.0
Table 3. ZEN contents in grains of different cereal species and seasonal types, 2003-2005
Distribution of positive samples Average Max
s Total number Positive accorzdllar;\? to ccl)(n'f:nt of concenlt(ra-tllon concenlt(ra-tllon
of e (ng kg ug kg ug kg
Samples % <100 100-300 >300
Winter cereals
Wheat 176 80 45.5 54 20 6 4.8 76.0
Rye 17 6 353 5 1 0 3.6 28.8
Triticale 19 4 21.0 4 0 0 1.3 7.5
Spring cereals
Wheat 33 21 63.6 9 10 2 11.3 95.6
Barley 112 63 56.3 37 17 9 9.5 193.4
Oats 7 4 57.0 1 3 0 7.1 16.3
Table 4. T-2 toxin contents in grains of different cereal species and seasonal types, 2003-2005
Distribution of positive samples Average Max
Specfes | il moralis Positive acrlc“ozrding. to con‘tin'f1 of concenlt(ra-tllon concenlt(ra-tllon
o s -2 toxins (ug kg') Hg kg Hg kg
Samples % <100 100-300 >300
Winter cereals
Wheat 91 53 58.2 29 23 1 4.7 329
Rye 8 8 100 2 3 3 40.9 153.6
Triticale 4 57.1 1 0 3 21.5 52.5
Spring cereals
Wheat 12 5 41.7 3 2 0 2.8 11.9
Barley 47 36 76.6 6 24 6 19.7 319.0
Oats 10 10 100 0 5 5 44.1 122.0

DON was found to be the most widely spread mycotoxin
in Lithuanian-grown cereal grain. It was present in 84.0—
98.0% of the grain samples tested (Table 2). DON was
more prevalent in spring than in winter cereals (92.8—
98.0% and 84.0-91.3%). The greatest content of contami-
nated grains with higher DON concentrations were deter-
mined in spring wheat samples. In most spring wheat
samples, DON concentration was higher than in winter

cereal samples, however, the highest DON contents were
identified in separate samples of winter wheat (987.0 ug
kg and winter rye (919.0 pg kg') grains. Although DON
was the most prevalent of all mycotoxins tested in Lithu-
ania, its contents identified at harvesting were not high
and did not exceed the allowable levels. According to the
Commission of the European Communities regulation for
mycotoxins, which will come into effect on July 2006,
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Table 5. Ochratoxin A and aflatoxin (total) contents in different cereal species and seasonal types, 2003-2005

Distribution of positive samples Average Max
Saesics | ol b Positive aCCOI‘lelg to coliltint of concenlt(ra-tllon concenlt(ra-tllon
of e toxins (ug kg') pg kg ug kg
Samples % <1 1-3 >3
Ochratoxin A in winter cereals
Wheat 27 5 18.5 1 4 0 0.3 2.9
Rye 1 1 100 1 0 0 0.9 0.9
Triticale 2 0 0 0 0 0 0 0
Ochratoxin A in spring cereals
Wheat 2 1 50.0 0 0 1 13.0 26.1
Barley 15 12 80.0 3 4 5 8.3 49.6
Aflatoxin (total)
Barley 56 38 67.9 13 25 0 0.9 2.8

the maximum level of DON in unprocessed cereals is
1250 ug kg'. In other countries also DON contamination
at grain harvesting ranges from 60 to 100%, but the le-
vels identified are very dependent on the weather condi-
tions at cereal flowering and harvesting (Schollenberger,
2002; Scott, 1997; Tutelyan, 2004).

ZEN contamination in grains of spring cereals was
higher than in grains of winter cereals (Table 3). Spring
wheat, barley and oat contamination ranged from 56.3
to 63.6%. In one spring barley grain sample the con-
centration of ZEN exceeded the allowable level almost
twice (193.4 pg kg'). According to the Commission of
the European Communities regulation for mycotoxins,
which will come into effect on July 2006, the maxi-
mum level of ZEN in unprocessed cereals is 100 pg
kg'. Experimental evidence suggests that the incidence

of Fusarium spp. is generally higher on spring than on
winter cereal grains (Semaskiené et al., 2005), there-
fore mycotoxin concentrations may be higher. Winter
wheat, triticale, and rye were less contaminated (21.0—
45.5%). Similar results were obtained by other coun-
tries’ researchers investigating ZEN in winter wheat
grain (Lepschy-v Gleissenthal, 1989).

T-2 toxin concentration in grain samples of various
cereals varied within 2.8-44.1 ug kg' (Table 4.), how-
ever, there were samples that exceeded the allowable
level (Eriksen, Alexander, 1998). Lower concentrations
of this mycotoxin were found in spring and winter wheat
samples, although contamination ranged from 41.7 to
58.2%. Spring barley, winter rye and oats were con-
taminated more heavily. In one spring barley grain sam-
ple the content of T-2 toxin exceeded the recommended

level thrice (Eriksen, Alexan-

der, 1998) and was as high

as 319.0 pg kg'. Higher than
allowable concentrations we-

6.0 re found in winter rye (153.6

ug kg') and oat grain sam-
ples (122.0 pg kg'). Data on

T-2 toxin occurrence are li-

mited, therefore it is necessa-

ry to conduct comprehensive
research into the factors that

determine its concentration in

| 15 grains and grain products,

| since under Lithuania’s con-

] F. avenaceum

F1 F. graminearum
O F. poae

[ F. sporotrichioides

Triticale ﬁm_ﬂmﬂ 6.5 h@
Rye | S
Oats f| 43.0 | 5.0
Barley | SNESH 14.9 [ o
Wheat \‘ﬁﬁﬂ}ﬁ*ﬁEﬁﬁfﬁ ‘ 31
0% 26% 40% 6(;% 80%

Detection frequency in grains

Bl F. culimorum
M F. graminum
B F. sambucinum var.

‘ ditions T-2 toxin producers
100% Fusarium poae, F. sporotri-
chioides (Rasmussen et al.,
2003) are rather common on
grains, especially on oats (Fi-
gure). The frequency of iden-
tification of these fungi in

Figure. Predominant Fusarium species on cereal grains

oats was 43.0% and 5.0%,
respectively. F. graminearum,
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which is the main producer of DON and ZEN in oats,
was identified in low concentrations (FO 0.5%).

In spring barley grains, F. poae identification frequen-
cy was 14.9% and of F sporotrichioides 7.0%. This also
might have determined higher concentrations of this toxin
in the samples tested. A greater Fusarium species diver-
sity was identified in grain samples of wheat, barley, tri-
ticale (9 species). Oats and triticale were characterised by
a lower diversity of Fusarium fungi (45 species).

The occurrence of Fusarium species in Lithuania in
samples of various cereal species suggests that in wheat
and barley grains more frequent are F. poae, F. avena-
ceum, F. sporotrichioides which are not producers of
DON and ZEN, therefore the concentrations of these
toxins were low in the samples tested.

The trends of DON, ZEN, T-2 toxin variation in
cereal grains might have been determined not only by
the weather conditions, but also by other factors such
as soil peculiarities in different districts, application of
plant protection products, choice of varieties, etc. (Cro-
mey et al., 2001, Edwards, 2004; Heier et al., 2005;
Hietaniemi et al., 2004).

In Lithuanian-grown cereals, higher ochratoxin con-
tents were identified in spring wheat and barley samples
(Table 5). All the barley samples tested were 80.0%
contaminated with ochratoxin; in 42.0% of them the
concentrations exceeded 3.0 pg kg'. These results in-
dicate that the problem of ochratoxin in Lithuanian-
grown barley grains is undoubtedly relevant. This is
corroborated by previously conducted tests that barley
grains, especially during storage, are heavily infested
with fungi of the genus Penicillium capable of produ-
cing ochratoxin (Lugauskas et al., 2004).

The total aflatoxin content in Lithuanian-grown bar-
ley grain is not high (Table 5), however, of the 56
samples tested 67.9% were found to be contaminated
with this mycotoxin. In most of the samples (25) afla-
toxin concentration ranged from 1.0 to 3.0 ug kg, the
highest allowable concentration being 4.0 pg kg'. Re-
gardless of the low aflatoxin contamination level, the
previous research has shown that Aspergillus flavus,
which is the chief producer of aflatoxin, is quite frequ-
ent in barley grains (Lugauskas et al., 2004).

CONCLUSIONS

1. The DON mycotoxin is the most frequent toxin pro-
duced by the genus Fusarium found in Lithuanian-grown
cereal grains. It was identified in 84.0-98.0% of cereal
grain samples assayed in 2003-2005. Spring cereals we-
re found to be more heavily infested with this toxin
than winter cereals.

2. ZEN was more prevalent in grains of spring whe-
at, barley and oats (63.6, 56.3 and 57.0%, respective-
ly), and T-2 toxin was identified in all oat samples
tested in 2003-2005.

3. Eighty percent of spring barley grain samples
were contaminated with ochratoxin in 42.0% of them

the concentrations exceeded 3.0 ug kg'!, and their con-
tamination with aflatoxin (total) amounted to 67.9%,
but the contents identified did not exceed the levels
specified in the EU regulations.

4. The most frequent T-2 toxin producers in Lithua-
nian-grown grains of various cereal species were found
to be F. poae ir F. sporotrichioides. These fungi, as well
as the rather frequent F. avenaceum, are not producers
of DON and ZEN, therefore the concentrations of these
toxins in the samples tested were not high and did not
exceed the levels specified in the EU regulations.
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LIETUVOJE ISAUGINTU VARPINIU JAVU GRUDU
UZTERSTUMAS MIKOTOKSINAIS BEI JUOS
LEMIANTYS VEIKSNIAI

Santrauka

Lietuvos Zzemdirbystés institute 2003—2005 m. vasariniuose ir
zieminiuose javy gridy méginiuose imunofermentiniu metodu
iStirta mikotoksiny (deoksinivalenolio (DON), zearalenono
(ZEN), T-2 toksino, ochratoksino A, aflatoksino) gausa.

Nustatyta, kad Lietuvoje iSaugintuose javy griiduose daz-
niausiai aptinkamas Fusarium genties gryby produkuojamas mi-
kotoksinas DON. Juo uzterSta 84,0-98,0% analizuoty griidy
méginiy. Vasariniy javy griidai buvo gausiau uztersti Siuo tok-
sinu nei zieminiy. Vasariniy kvie¢iy, mieziy ir avizy grudai
ZEN buvo uztersti labiau nei Zieminiy kvie€iy, rugiy ir kviet-
rugiy.

Lietuvoje iSaugintuose javy griiduose vyravo Fusarium po-
ae, F. sporotrichioides — T-2 toksino producentai. T-2 toksino
analizés avizy griduose parodé $io toksino tyrimo aktualuma,
nes 2003-2005 m. tirti griidai 100% buvo uztersti Siuo toksi-
nu. Didesnés T-2 toksino koncentracijos nustatytos ir vasariniy
mieziy bei zieminiy rugiy gridy méginiuose.

Vasariniy mieziy gridy méginiai 80,0% buvo uZztersti och-
ratoksinu ir 42,0% i$ ju nustatytos koncentracijos buvo dides-
nés nei 3,0 pg kg'!, tuo tarpu ju uZterStumas aflatoksinu (to-
tal) sieké 67,9%, taciau nustatyti kiekiai nevir§ijo ES reglamen-
to nustatyty ribu.

RaktazZodZiai: javy griidai, mikromicetai, mikotoksinai, Fu-
sarium spp.



