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In 2003-2006, micromycetes — potential producers of mycotoxins — were
detected and their taxonomic dependence as well as ability to produce toxins
under various growth conditions were assessed. Accumulation regularities of
toxin-producing micromycetes in vegetables, fruit, berries, herbs, grain, seeds
and their products were found out. Factors determining fungal abilities to
produce various toxins and excrete them into food raw material are discussed.
Potential producers of toxic secondary metabolites were detected during pro-
cessing of food raw material of plant origin. Such micromycetes were Alter-
naria alternata, A. citri, A. cucumerina, Aspergillus candidus, A. clavatus, A.
flavus, A. fumigatus, A. niger, A. ochraceus, A. parasiticus, A. sulphureus, A.
ustus, A. versicolor, Cylindrocarpon destructans, Drechslera sorokiniana,
Fusarium culmorum, F. equiseti, F. graminearum, F. moniliforme, F. oxysporum,
F. poae, F. proliferatum, F. solani, F. sporotrichioides, Penicillium
aurantiogriseum, P. chrysogenum, P. claviforme, P. clavigerum, P. commune,
P. corylophilum, P. crustosum, P. expansum, P. funiculosum, P. griseofulvum,
P. palitans, P. spinulosum, P. variabile, P. viridicatum. The toxin-producing
ability of fungi isolated from food raw material was tested and primary
screening of active producers was conducted. The taxonomic position of strains
of some toxicogenic fungi using molecular genetic methods was revised. The
diversity and peculiarities of isolated micromycetes in relation to substrate
specificity, climate conditions and the environment, particularly dustiness,
moisture and temperature, are pointed out.

Key words: micromycetes, food raw material, products, mycotoxins, tem-
perature, moisture, sanitary state

INTRODUCTION

spora are able to accumulate aflatoxin B, produced by
Aspergillus flavus (Naut, 1989). While growing on

Micromycetes get onto food raw material by various
ways and from various sources; nevertheless, the main
source of fungal contamination of food plants growing
in fields is soil. Different microbial communities are
established in soil; furthermore, interdependent relations
are formed inside them, determining not only the role
of each microbial species inside the community, but
also external relations with other environmental and soil
biota. Micromycetes growing under such complicated
conditions strengthen their properties that enable them
to establish in the particular environment, to develop
and prevent growth of competitors. For such purposes,
many micromycetes produce and excrete toxic second-
ary metabolites; e.g., Fusarium moniliforme and F.
proliferatum when growing on maize, wheat and barley
synthesize fumanisin B (Morin et al., 1999). It is indi-
cated that fungi of the genera Rhizopus and Neuro-

common and specific substrates, many fungi of the
genus Penicillium synthesize various toxins and other
metabolites (Boutrif, Bessy, 2000; Stakéniené et al.,
2001; Samson, Frisvad, 2004). Rather high numbers of
micromycetes get onto raw material of plant origin from
the air together with dust and other contaminants
(Dutkiewicz et al., 2001; Lugauskas et al., 2002;
Krysinka-Trasczyk et al., 2003; Repeckiené et al., 2005;
Sveistyté et al., 2005).

Microbial contamination of food and its outcome
are studied worldwide, as microorganisms and their
metabolites are an important agent of human diseases
and death as well as losses of natural resources and
human work products. The diversity of microorganisms
and their adapting abilities enforce man to concern about
this invisible but aggressive micro-world, to learn more
about it, to acquire how to regulate microbial activity,
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apply it for useful purposes or limit it (Rabie et al.,
1997; Samson et al., 2000; Thrane, 2004). Micromycetes
have specific biological properties that enable them to
adapt easily to changeable environmental conditions and
to deteriorate various plant substrates. Due to their
activity, every year about 30% of raw material and
products are lost (Mills, 1990; Mills et al., 1995; Tauxe,
2002; Doohan et al., 2003; Lugauskas, 2005; Mackinaité,
Kacergius, 2005). When sanitary requirements are not
met, micromycetes can evoke ecological problems and
cause various plant, bird, animal and human diseases.
The interest in fungal secondary metabolites — myco-
toxins and their release into the environment has been
growing constantly in the world, and new toxic fungal
metabolites and diseases caused by them have been
detected. Micromycetes of the Penicillium expansum
species, widespread in various countries and particu-
larly in Europe, could be an example. According to the
literature, P. expansum can produce citrinin, ochratoxin
A, patulin, penitrem A, rubratoxin B and some other
compounds. It has been reported that chaetoglobosin A
and communesin B were produced consistently by all
isolates. Patulin and roquefortin C were produced by
98% of the isolates. Exponsolides A/B and citrinin were
detected in 91 and 85% of the isolates, respectively.
Chaetoglobosins and communesins were detected in
naturally infected juices and potato pulp, whereas nei-
ther patulin nor citrinin were found. Because most P,
expansum isolates produce patulin, citrinin,
chaetoglobosins, communesins, roquefortine C and
exponsolides A and B, food contaminated with this
fungus should be ideally examined for chaetoglobosin
A as well as patulin (Anderson et al., 2004). It is re-
ported that P. expansum is of concern, especially in
fruit products because of its production of patulin. A
specific regulation for patulin at a level of 50 pg/kg
has been set by most countries in Europe, and several
quantitative methods have been developed (Ritieni,
2003). It is pointed out that citrinin synthesized by the
mentioned fungi has nephrotoxic effects in mammals.
Individually, metabolites from P. expansum are known
to have different toxic effects (Pfohl-Leszkowicz, 2002;
Cole, Schweikert, 2003).

It has been reported that mouldy feed containing
ochratoxin A caused renal cancer in male Fisher rats
(Mantle, 2004). Ochratoxin, also dangerous for human
health, is detected in dust, as conidia of toxigenic fungi
are associated with dust (Shoug et al., 2001). Abun-
dance of micromycetes, the level of their toxicity and
pathogenicity are determined by climatic and other
environmental factors (Doohan et al., 2003; Stakéniené,
Lugauskas, 2004; Kacergius et al., 2005). Recently, the
necrotic effect of ochratoxin A of Penicillium polonicum
on animal tissues has been indicated (Miljkovic et al.,
2003). New methods are being created for the detec-
tion and quantification of Fusarium culmorum and F.
graminearum, F. poae and F. avenaceum in cereals by
PCR assays (Parry, Nicholson, 1996; Schiling et al.,

1996), assessment of ultrafloxacin and morfloxacin
cultures of Trichoderma viride (Parshikov et al., 2002)
and PCR-based detection and identification of fungi
producing trichotecenes in food grains (Kacergius,
Mackinaité, 2005), etc.

Data on micromycetes and their occurrence in the
environment and food products, fungal potential toxic-
ity and pathogenicity and their significance for human
health increase every year (Cole et al., 2003; Lugauskas
et al., 2003; Lugauskas et al., 2004; Levinskaité et al.,
2005; Lugauskas, Krasauskas, 2005).

The aim of the present work was to highlight the
micromycetes that contaminate food raw material of
plant origin grown, processed, stored and sold under
local conditions of Lithuania; to evaluate the level of
spreading of fungi and fungal ability to synthesize and
release toxic secondary metabolites dangerous for hu-
man health.

CONDITIONS AND METHODS

Samples of food products originated from grains, seeds,
fruit, vegetables and food products of plant origin were
analyzed according to the methods of Kudryasheva
(1986), Andrews et al. (1997), Rabie et al. (1997) and
Samson et al. (2000). Analyses were conducted in trip-
licates. Direct isolation of micromycetes and imprint
methods were used for hard products (grains, seeds and
nuts, etc.) and for the products when, after visual in-
spection, a single contaminant was supposed to develop.

To get pure cultures, isolates were cultivated on
standard Czapek, worth and corn agars at 26+2 °C for
5-7 days. The isolates were ascribed to taxonomic
groups following Ainsworth and Bisby’s Dictionary of
the Fungi (Hawksworth et al., 1995). Micromycetes were
identified according to handbooks (Raper, Thom, 1949;
Raper et al.,, 1965; Gams, 1971; Ellis, 1971, 1976;
Geeéizi, 1974; Domsch, 1980; Plaats-Niterink, 1981,
Ramirez, 1982; Nelson et al., 1983; Brandenburg, 1985;
Samson, Reenen-Hoekstra, 1988; Kozakiewicz, 1989;
Samson et al., 2000; Kiffer, Morelet, 2000; Klich, 2002;
Watanabe, 2002). Distribution frequency (%) was evalu-
ated according to Booth (1971) and Mupumak (1988).

The species-specific PCR used for re-identification of
fungal strains was described elsewhere (Kacergius,
Mackinaité, 2005), and restriction fragment analysis of
amplified tDNA of Alternaria and Ulocladium fungal
strains was carried out by standart PCR with ITS4 and
ITSS primers (White et al.,, 1990) synthesized by
Fermentas GmbH (Lithuania). PCR products in ~600 bp
size were digested for 4 h, with 2 units HinfI restriction
endonucleases (Fermentas GmbH, Lithuania). The restric-
tion fragments were separated by electrophoresis in TAE
buffer using 1.5 % agarose (Fermentas GmbH, Lithua-
nia) gels containing 0.4 pg/ml ethidium bromide.

The analysis of fungal secondary metabolites was
carried out by thin-layer chromatography (TLC) using
toxin standards (Sigma). The standards were used in
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1 mg/ml concentration, the solvent system of toluene /
ethyl acetate / formic acid (90%) (5:4:1) was chosen.
Precoated plates of silica gel (20 by 20 cm, 0.20 mm
thick (Macherey-Nagel, Germany), containing a fluo-
rescence indicator (F254) were used. After extraction
of mycelium in chloroform / methanol mixture (2:1),
20 pl of extract was placed onto TLC plates and after
elution and drying examined under UV light (254/366
nm).

Statistical analysis was performed to assess the domi-
nating micromycete genera by the LSD test.

The pure cultures of mycromycete strains with a high
mycotoxin production level have been deposited in the
collection of the Institute of Botany, Vilnius, Lithuania.

RESULTS AND DISCUSSION

In 2003-2006, an investigation of the ecological state
of berries, vegetables, grains and other products of plant
origin was performed. The facilities of their growth,
sorting, marketing and processing differed depending
on grown cultures, stored production and their amounts,
storage time and conditions (temperature and humidity
regimes, quality and application of preventive and dis-
infection measures, processing technologies of grown
production and other factors). The obtained data on
isolated and identified micromycetes allow to state that
micromycetes, potential toxin producers, abound in all
investigated samples. Analysis of the data and compari-
son with results of other authors has shown that the
total number of micromycetes in premises where food
products are kept, correlate with the number of poten-
tially toxic micromycete species (the correlation coeffi-
cient R=0.92) and the number of different products
tested (R=0.81).

The distribution frequency of the most often de-
tected Penicillium expansum was 13.2% and Aspergil-
lus niger 12.8%. These micromycetes prevailed reliably
over micromycetes, whose distribution frequency in all
premises was no more than 6%, and Penicillium
granulatum (8.8%) reliably prevailed over micromycetes
whose distribution frequency was no more than 3.2%
(Table 1).

In many samples the following micromycetes were
found: Acremonium strictum, Aspergillus niger, Botrytis
cinerea, Fusarium moniliforme, Geotrichum candidum,
Penicillium biforme, P. chrysogenum, P. claviforme, P.
digitatum, P. expansum, P. funiculosum, P. granulatum,
P italicum, P. palitans, P. spinulosum, P. verrucosum,
P. viridicatum, Rhizopus oryzae, R. stolonifer, Sclerotinia
sclerotiorum.

Potatoes are very often used for daily nutrition. From
potatoes grown in Lithuania and stored in various store-
houses, micromycetes common in soil were isolated. The
following fungi were most often found on deteriorated
potatoes: Acremonium strictum, A. charticola, Mortierella
hyalina, Fusarium solani, F. oxysporum, F. equiseti,
Rhizopus stolonifer, Verticillium alboatrum and Tricho-
derma harzianum, more rarely — Geotrichum candidum,
Rhizopus oryzae and Sclerotinia sclerotiorum. Rots caused
by Rhizoctonia solani and Sclerotinia fuckeliana are par-
ticularly dangerous to potatoes stored in piles. When
potatoes are harvested in damp weather and poured into
big piles without preliminary sorting and drying, huge
losses due Rhizoctonia solani activity are suffered. From
potatoes the following micromycetes were isolated:
Acremonium roseum, Fusarium equiseti, Gliocladium
deliquescens, Penicillium corymbiferum, P. expansum,
P. funiculosum, P. lanosoviride, P. palitans, P. spinulosum,
P, variabile, P. verruculosum and Verticillium alboatrum.

Table 1. Statistical analysis (according to LSD test) of the most often detected micromycete species

Micromycete species Distribution Reliability of distribution frequences of micromycete species (p)
0,
frequency, % Penicillium Aspergillus Penicillium Penicillium Penicillium
expansum niger granulatum claviforme spinulosum

Penicillium expansum 13.2
Aspergillus niger 12.8 0.8973
Penicillium granulatum 8.8 0.1218 0.1560
Penicillium claviforme 6.0 0.0101 0.0145 0.3019
Penicillium spinulosum 5.6 0.0069 0.0101 0.2456 0.8973
Penicillium italicum 5.4 0.0057 0.0084 0.2203 0.8464 0.9485
Sclerotinia sclerotiorum 5.1 0.0038 0.0057 0.1756 0.7649 0.8464
Penicillium chrysogenum 4.9 0.0031 0.0047 0.1560 0.6985 0.7962
Penicillium biforme 4.5 0.0020 0.0031 0.1218 0.6056 0.6985
Rhizopus oryzae 42 0.0013 0.0020 0.0937 0.5186 0.6056
Penicillium digitatum 4.0 0.0011 0.0017 0.0818 0.4777 0.5613
Rhizopus stolonifer 4.0 0.0011 0.0017 0.0818 0.4777 0.5613
Botrytis cinerea 34 0.0005 0.0008 0.0533 0.3663 0.4387
Alternaria alternata 32 0.0004 0.0007 0.0458 0.3331 0.4015
Acremonium strictum 3.1 0.0003 0.0005 0.0393 0.3019 0.3663

Statistical analysis was performed using LSD test. Statistically reliable differences are shown in bold fonts.
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Table 2. Micromycetes detected on grain, flour, bread and baked goods

Product Sampling Number of Species of isolated micromycetes
site samples
Wheat Mill 14 Acremonium cerealis, A. strictum, Fusarium culmorum, Mucor globosus,
Penicillium biforme, P. chrysogenum, P. expansum, P. fellutanum, P. paxilli,
P. restrictum, Rhizopus oryzae
Mill 14 Aspergillus flavus, A. niger, A. puniceus, A. penicillioides, Botrytis cinerea,
Eurotium herbariorum, E. chevalieri, Fusarium culmorum, F. graminearum,
Wheat F. moniliforme, Mortierella hyalina, Mucor mucedo, M. racemosus, Penicillium
flour biforme, P. chermesinum, P. chrysogenum, P. commune, P. diversum, P. expansum,
P. lanosocoeruleum, P. simplicissimum, P. verrucosum, P. viridicatum, Rhizopus
oryzae
Bakehouse 5 Aspergillus flavus, A. niger, Cladosporium herbarum, Fusarium graminearum,
Rhizopus oryzae
Mill 14 Aspergillus flavus, Fusarium culmorum, Penicillium biforme, P. chrysogenum,
Rye P. daleae, P. expansum, P. roqueforti, P. velutinum, P. verrucosum, P. viridicatum
flour Bakehouse 5 Aspergillus flavus, A. penicillioides, Cladosporium herbarum,
Fusarium moniliforme, Penicillium biforme, P. chrysogenum, P. expansum,
P. roqueforti, P. urticae, P. verrucosum, Ulocladium chartarum
Rye malt Bakehouse 2 Aspergillus flavus, A. niger, Rhizopus oryzae
Supermarket 14 Aspergillus niger, Penicillium expansum, P. oxalicum, P. spinulosum,
Rhizopus oryzae, Trichoderma viride
Premises for 10 Penicillium lanosogriseum
food preparation
Bakehouse 10 Absidia glauca, Aspergillus awamori, A. cervinus, Aureobasidium pullulans,
Bread Cladosporium herbarum, C. resinae, Eurotium herbariorum, Penicillium biforme,
P. brevicompactum, P. paxilli, P. verrucosum
Manufacturing 10 Aspergillus flavus, A. niger, Cladosporium herbarum, Eurotium herbariorum,
premises Penicillium biforme, P. expansum, P. oxalicum, P. roqueforti, P. spinulosum,
P. verrucosum
Supermarket 14 Aspergillus niger, A. oryzae, Mortierella hyalina, Penicillium claviforme,
Baked P. cyclopium, P. expansum, P. granulatum, P. implicatum, P. olivinoviride,
goods P. roqueforti, P. spinulosum, P. verrucosum
Premises for 10 Aspergillus duricaulis, Penicillium aurantioviride, P. corylophilum, P. spinulosum,
food preparation P. verrucosum, Syncephalastrum racemosum

Under conditions of Lithuania, other vegetables of
the Solanaceae family (tomatoes, paprica and auber-
gines) are often damaged by Alternaria alternata,
Botrytis cinerea, Sclerotinia sclerotiorum, more rarely
by fungi of the genus Penicillium such as P italicum,
P chrysogenum and Geotrichum candidus, Paecilomyces
inflatus, Torula convuluta. The diversity of micromycetes
on tomatoes grown in Lithuania and sold in wholesale
premises was low. Most often the fungi Aspergillus
caesiellus, A. niger, Cladosporium cladosporioides, Peni-
cillium corylophilum, Rhizopus stolonifer were found.
Fulvia fulva isolated from tomatoes is known as Cla-
dosporium fulvum, a causative agent of tomato leaf
mold. The fungus Rhizopus oryzae was often isolated,
Alternaria solani, which causes tomato early blight, and
Penicillium granulatum were more rare.

From carrots grown in Lithuania and kept in various
storchouses or premises of the market system, fungus
Sclerotinia sclerotiorum which causes watery soft rot was
sometimes isolated, while fungus Verticillium alboatrum
was frequently detected and its distribution frequency was

more than 20%. The micromycetes Fusarium moniliforme,
FE proliferatum F. redolens, Myrothecium roridum, M.
verruraria and abundant fungi of the genus Penicillium
isolated from carrots are potential toxin producers. In some
premises, fungi of the species Myrothecium verrucaria were
particularly abundant. Fungi Aspergillus niger, Cladospo-
rium cladodporioides, Geotrichum candidum, Synchytrium
endobioticum, and micromycetes of the genus Penicillium
were isolated from a carrot salad, were they apparently
could have occurred from improperly maintained premises,
particularly walls damaged by fungi. Other umbellifer plants
such as parsnips, root parsleys and celeries were mostly
contaminated by typical soil micromycetes which usually
not manifest as pathogens, but are often found together
with rot agents. These fungi were: Acremonium strictum,
Mortierella polycephala, Penicillium claviforme, P.
expansum and P. italicum. Root-crops of celery seedlings
were damaged by Verticillium alboatrum, and dill sprays
were mostly contaminated by Acremonium strictum, Cla-
dosporium cucmerinum, Penicillium digitatum and
micromycetes of the genus Penicillium.
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Specific products are vegetables from the mustard
family. The following fungi were isolated from radish:
Acremonium strictum, Cladodporium cladosporioides,
Fusarium oxysporum, Geotrichum candidum, Sclerotinia
sclerotiorum and Verticillium album. On Japanese rads,
Mucor hiemalis and Penicillium paxilli were detected,
and on black radish Fusarium moniliforme, F. solani,
Nectria ventricosa, Penicillium paxilli, P. verruculosum
and Rhizoctonia solani were found. These fungi of the
genera Fusarium and Penicillium are potential produc-
ers of mycotoxins, thus, radish contaminated by these
fungi is harmful for human health.

Various fungi contaminate cabbages. The following
fungi were detected: Absidia glauca, Acremonium
charticola, Alternaria alternata, A. brassicicola, A.
fumigatus, A. niger, Botrytis cinereus, Gliocladium viride,
Mucor hiemalis, M. racemosus, Penicillium expansum,
P granulatum, P. stoloniferum, Perenospora brassicae,
Piptocephalis lemannieriana and Sclerotinia sclero-
tiorum. Together with cabbages, micromycetes easily get
into in dwellings and spread there during handling of
cabbages, then some of them start to develop on food
products and other substrates.

Vegetables from the cucumber family are most of-
ten damaged by fungi Alternaria alternata, Aspergillus
fumigatus, Botrytis cinerea, Cladosporium cucumerinum,
Mucor murorum, Penicillium meleagrinum. Fungi
Gliocladium album, Mucor racemosus, Phoma cava,
Torula herbarum and other micromycetes distributed on
different substrates contaminate these vegetables.

Despite the natural immunity of members of the
onion family, various fungi and particularly Penicillium
can deteriorate them. Fungi Penicillium claviforme, P.
clavigerum, P. corymbiferum, P. granulatum, Sclerotinia
sclerotiorum were isolated from leeks. Garlics were
contaminated by Aspergillus niger, Cladosporium clado-
sporioides, Fusarium oxysporum, Mucor circinelloides
and M. silvaticus. Onions growing in fields, stored and
realized in the market are deteriorated by various
micromycetes, such as Chrysosporium farinicola, Dipo-
dascus ingens, Epicoccum purpurescens, Geotrichum
candidum, Fusarium oxysporum, Penicillium atra-
mentosum, P. claviforme, P. decumbens, P. digitatum, P.
expansum, P. funiculosum, P. impactum, P. itali-
cum, P. lanosum, P. ochrochloron, P. restrictum and
P spinulosum. Fungi of the P. spinulosum species iso-
lated from onions (distribution frequency 15%) are active
producers of toxins. Onions were also contaminated by
fungi Epicoccus purpurescens, Penicillium adametzii, P.
claviforme, P. implicatum, P. piscarium, P. verrucosum,
Phoma fimeti, Rhizopus cohnii, Sclerotinia sclerotiorum,
Trichoderma viride and Verticillium alboatrum.

Fruit and berries, especially desiccated ones, grown
in other countries prevail in the market of Lithuania.
Fruit grown in Lithuania comprise only a little part of
all fruit in premises were fruit are stored, sorted and
sold. From the microbiological point of view, these
storehouses are interesting in two aspects: 1) there are

a plenty of micromycetes occurred from the local en-
vironment and brought together with fruit from other
countries, 2) a sanitary aspect — the composition of
local fungal species producing toxins is supplemented
with micromycetes — toxin producers brought from
abroad. Strawberries grown in Lithuania and sold in
the market were contaminated by Sclerotinia sclero-
tiorum (distribution frequency up to 60%), which is
known to cause strawberry white mold. Fungi Absidia
butleri, Cladosporium cladosporioides and Penicillium
melinii also were isolated from these berries. Raspber-
ries were contaminated by fungi Alternaria alternata,
Chrysosporium inops, Cladosporium cladosporioides,
Drechslera biseptata, Mucor piriformis, Penicillium
citreoviride and Sclerotinia sclerotiorum. Fungi Aspergil-
lus niger, Cladosporium cladosporioides, Rhizomucor
pusillus and Sphaerotheca mors-uvae were isolated from
gooseberries, and Aspergillus niger, Chrysosporium in-
ops, Cladosporium herbarum, Sclerotinia sclerotiorum
were found on black currants. Some of the fungi men-
tioned above produce metabolites toxic to plants and
warm-blooded animals. However, this problem has been
analyzed insufficiently. We paid more attention to plant
pathogens, such as fungi of Sphaeroteca mors-uvae
species, which induce leaf shedding, withering, stem
deformity and often plant death.

Most stone-fruits such as cherries, sweet cherries,
plums, peaches, apricots, nectarines and others sold in
Lithuanian markets and other selling places are brought
from abroad. Cherries grown in Lithuania and sold in
markets were contaminated by Aspergillus niger,
Aureobasidium pullulans, Ctenomyces serratus, Fusarium
proliferatum, Geotrichum fermentans, Hormonema
prunorum, Penicillium biforme, P. oxalicum, P. restrictum
and Sclerotinia sclerotiorum.

Apples grown in Lithuania and stored in various
storechouses were mostly deteriorated by fungi of the
genus Penicillium, especially P. expansum (distribution
frequency about 50%), P. granulatum (32%), P. digi-
tatum (18%), P. claviforme, P. clavigerum and P. itali-
cum (about 14%). Sometimes fungi Chaetomium globo-
sum, Epicoccus purpurescens, Monilia implicata,
Myrothecium roridum and Trichosporiella cerebriformis
were also detected on apples. These fungi are potential
mycotoxin-producers, thus, fruit damaged by these
micromycetes can be dangerous to human health as can
cause chronic ailments or other diseases.

Distinctive food of plant origin is nuts, seeds, des-
iccated fruit and berries and other dry products. They
accumulate various nutritional components: fats, pro-
teins, vitamins and microelements. Differently from
natural fruit and vegetables, they have little amounts of
water, thus, according to other authors, they are heavily
contaminated by micromycetes from the Aspergillus,
Rhizopus and Mucor genera, which are able to develop
in the presence of low humidity (Simsekli et al., 1999;
Klich, 2002). Nuts, various desiccated fruit and seeds
are brought from abroad, therefore fungi detected on
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them are rare in Lithuania. For example, peanuts im-
ported from Iran were contaminated by the aflatoxin
producer Aspergillus flavus together with a very rare
fungus in Lithuania, Chaetomium aureum, which was
found in all tested samples. There is a lack of informa-
tion about biological and physiological properties of this
fungus. From flax-seed packed in small bags, fungi
Penicillium chrysogenum and Rhizopus oryzae were
isolated, on caraway seeds Aspergillus candidus, A.
flavus, A. niger, Fusarium spp., Penicillium daleae and
P expansum were detected, on dried calamus leaves,
used for bread baking and kept in a bakehouse fungi
Alternaria alternata, Aspergillus awamori, Aureo-
basidium pullulans, Mortierella isabellina, Mucor
mucedo and Penicillium funiculosum were found.

Grains and processed products such as flour and
grits, etc. almost always are more or less contaminated
by propagules of various micromycetes. Due to the high
content of hydrocarbons, proteins, vitamins, microele-
ments and low humidity in these products, the
micromycetes that are rarely detected on other products
of plant origin can contaminate grains and processed
products.

Grains kept in various bins, mills, bakehouses and
special capacitances were mostly contaminated by
Acremonium cerealis, A. strictum, Aspergillus flavus, A.
niger, A. penicillioides, A. puniceus, Cladosporium
herbarum, Fusarium culmorum, F. graminearum, F.
moniliforme, Mortierella hyalina, Penicillium biforme,
P chrysogenum, P. expansum, P. paxilli, P. roqueforti,
P palitans, P. viridicatum, Rhizopus oryzae and other
fungi (Table 2).

In the flour samples taken in a bread bakehouse,
fungi Cladosporium herbarum and Ulocladium
chartarum were found. They could get into products
from moldy walls and cellings in premises were raw
material was stored. Under other conditions, food raw
material of this group was mostly contaminated by
micromycetes of the genus Penicillium; e.g., the distri-
bution frequency of P. simplicissimum reached 22%.
Bread and other baked goods (doughnuts, hardtacks,
rolls and bisquits with different fillings and additives
such as apples, curd, coconut shaves, poppyseeds and
raisins) kept in various places were frequently damaged
by micromycetes of the genera Aspergillus and Penicil-
lium, but also other saprophyte micromycetes were
detected in some samples. It should be stressed that
both microbial contamination of breadhouse production
and flour quality were determined by the same factor —
the mycological state of manufacturing premises. For
example, biscuits and cakes baked in a supermarket
and bread baked in a bakehouse were contaminated by
the same micromycetes, which were also detected on
additives of baked goods, e. g., Aspergillus niger was
found in cake flavourings and 4. awamori and
Aureobasidium pullulans on calamus. Hardtacks with
raisins were contaminated by Syncephalastrum
racemosum (distribution frequency about 39%), which

is spread in soil and grains in countries of tropical and
subtropical climate. Recently these micromycetes have
been found on stored dry products, as they can grow
at low water activity (a ); they could have been brought
here with raisins and other products from tropics.

Fungi of the genus Fusarium damage mostly wet
grain. Data on the distribution of these fungi on grains
are presented in Table 2, where the distribution fre-
quency of different Fusarium species in internal grain
tissues is shown.

Wheat grains were mostly contaminated by micro-
mycetes Fusarium poae, F. avenaceum and F. sporo-
trichioides, barley by F. poae, F. sporotrichioides and
F. avenaceum, oats by F. poae, rye by F. sporo-
trichioides, triticale by F poae and buckwheat by F.
equiseti.

Identification of Fusarium fungi presented difficul-
ties, as the morphological and cultural peculiarities are
not always clearly manifested by fungi. Thus, to specify
Fusarium species, polymerase chain reaction was ap-
plied using species-specific primers. Part of the data
are presented in Figs. 1-3. Using this method, 42 ge-
nomic DNA samples of various Fusarium fungi were
obtained. The species identity of 21 strains was con-
firmed and of 10 strains revised, and the latter fungi
were ascribed to other species. The species of 10 fun-
gal strains remain unclear and they are being examined
further.

To compare fungi of two close fungi, Alternaria
alternata and Ulocladium consortiale, the comparatable
method of restriction fragment length polymorphism
analysis was used. Results are presented in Fig. 4.

During polymerase chain reaction, there were ampli-
fied four ITS fragments of Alternaria and three of
Ulocladium strains digested with Hinfl endonuclease.
Restrictase analysis showed that all these strains falled
into three groups: the first group consisted of all three
Ulocladium consortiale strains, the second of three Al-
ternaria alternata strains, and the third of only one A.

Fig. 1. Species-specific PCR amplification using primer pairs

Fp8F and Fp8R specific for Fusarium poae
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alternata strain 145285. Thus, it
became clear that the genus Alfer-
naria according its morphological
properties is rather heterogenic, and
further genetic investigation is nec-
essary to ascribe fungi to species and
separate them from the close genera
Ulocladium and Stemphylium.

To screen fungal strains with an
intensive synthesis of toxic second-
ary metabolites, 508 strains belong-
Fig. 2. Species-specific PCR with FspITS2K (F) and P28SL (R) primers specific ~ ing to 53 genera and 156 species
for E sporotrichioides for re-identification of fungi from the genus Fusarium were grown on media enhancing the
secondary metabolisms: YES (yeast
extract-sucrose agar) and CYA
(Czapek yeast extract agar). The
growth of micromycetes on these
media was compared with their
growth on Czapek agar. According
to Samson et al. (2000), fungi
growing on these media change
colony color and release abundant
pigments into media, and this is
related to fungal ability to produce
toxins. For examination, the fungi
were distributed into three groups:
frequently isolated fungi, fungi of
the genus Penicillium, and more
rare fungi on these substrata. There
were 166 strains of fungi (excep-
tion the genus Penicillium fungi)
frequently detected in food samples
Fig. 3. Amplification of species-specific DNA fragments employing multiplex PCR  tested for toxin production. They
with four pairs of primers to specify the morphological identification of fungal belonged to 21 genera and 86 spe-
cultures (MARKER - molecular weight standard 100 bp ladder (1031, 900, 800, cies. Many of these fungi are ac-
700, 600, 500, 400, 300, 200, 100, 80 bp), CONTROL — control without DNA)  tive producers of toxic secondary

metabolites. It was noticed that af-
ter seven days colonies of 69 fungal strains became
pigmented and released pigments into media, whereas
the other colonies of 36 fungal strains only changed
color without pigment release into media (Table 4).

Activity of various Penicillium strains in the synthe-
sis of pigments and their release into media should be
stressed. Analysis of 216 strains of 74 species of this
genus showed that a strong colony pigmentation and
pigment diffusion into media were characteristic of 121
strains, and only colony pigmentation change was mani-
fested by 51 strains (Table 5).

Applying the same method, the ability of fungi more
rarely detected on raw material of plant origin to pro-
duce and excrete secondary metabolites by changing
colony and medium color was tested (Table 6 ). It should

tum
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Fig. 4. Restriction patterns of polymerase chain reaction-
amplified fungal rDNA digested with Hinfl and analyzed in
1.5% agarose gel (MARKER — molecular weight standard
100 bp ladder (1031, 900, 800, 700, 600, 500, 400,300, 200,
100, 80), CONTROL - control without DNA)
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Table 3. Distribution of micromycetes of the genus Fusarium in internal grain tissues of various cereals

Micromycete Number of isolates

wheat barley oats rye triticale rape pease buckwheat Tota
Fusarium
acuminatum 3 = - - - - S 5 3
F. avenaceum 28 26 = 8 - - 16 10 83
F. chlamidosporum 1 - - - = - - - 1
F. culmorum 5 11 = 1 - - S 5 17
F. equiseti - - o = - - - 47 47
F. graminearum 12 14 1 8 1 - - 1 37
F. graminum - 1 - 2 1 - - 10 14
F. heterosporum > 1 = - - - S 5 1
F. moniliforme - = > 1 - - - 1
F. poae 34 119 86 13 - 4 8 264
F. proliferatum > - 1 - - = 5 - 1
F. sambucinum
var. minus - 3 - 3 5 3 - 9
F. semitectum 7 - - 1 = - 10 18
F. solani - - - - - 1 - - 1
F. sporotrichioides 16 56 10 12 1 - 7 12 114
F. tricinctum - 1 - 1 - - 2 4
Fusarium sp. 6 - - - - 2 - 1 9

Fig. 5. Analysis of total DNA grains using multiplex PCR

with species-specific primers. Two last lines represent specific
DNA fragments characterized F. culmorum and F. avenaceum
respectively (M — molecular weight standard 100 bp ladder
(3000, 2000, 1500, 1200, 1031, 900, 800, 700, 600, 500,
400, 300, 200, 100 bp)

be noted that fungi presented in Table 6 were found in
raw material at different frequency. Some of them were
detected more frequently; the others were isolated only
once. Among 34 strains belonging to 31 species, 16
strains changed colony color and released pigments into
media, and 14 of the strains tested only changed colony
color. For further analysis the following fungi were se-
lected: Chaetomium aureum, Cylindrocarpon destructans,
Embellisia allii, Myceliophthora vellerae, Sporotrichum
pruinosum, Trichthecium roseum and Volutella ciliata.
If to summarize the results of primary screening of
toxin-producing micromycetes, it is clear that a half of

tested strains were able to synthesize intensively secon-
dary metabolites. Nevertheless, not all tested strains
synthesized pigments in seven days; about one fourth
of the fungi did not produce pigments during this pe-
riod. Fungi Aspergillus and Penicillium produced pig-
ments most intensively.

Using thin layer chromatography, 64 strains of Al-
ternaria alternata were tested for their ability to pro-
duce toxic metabolites in vitro. There were four toxic
compounds produced by Alternaria fungi, determined
as alternariol, alternariol methyl ether, alternuene and
tenuazonic acid. Six strains of the genus Alternaria
synthesized all the four mentioned toxins, 49 strains
produced 2-3 compounds each and seven strains one
compound each. Only two strains in this investigation
did not produce toxic metabolites.

While analysing the ability of fungal strains to pro-
duce toxic compounds, the main producers of tricho-
tecene type A in Lithuanian grains were ascertained
(Nicholson et al., 1988). They were Fusarium culmorum,
F. graminearum and F. sporotrichioides. T-2 toxin,
HT-2 toxin, diacetoxyscirpenol and neosolanol were de-
tected in the mycelium filtrates of these fungi. The main
source of trichotecene type B, nivalenol, was identified
to be F culmorum. It should be noted that we found
few F. graminearum and F. culmorum strains produc-
ing deoxynivalenol.

During the long-term investigation, the method of
polymerase chain reaction (PCR) was applied for analy-
sis of total DNA. Thus, using specific primers it is
possible to determine the species of fungi detected in
the foodstuff (Fig. 5). Evaluation of the ratio of PCR
product to the initial DNA concentration allows
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Table 4. Primary screening of micromycetes able to synthesize toxic secondary metabolites

Fungal genera Fungal species Number of Results after 7 days
tested strained TKP* Kp*+
Acremonium A. charticola, A. kiliensis, A. pinkertoniae, 16 4 6
A. roseum, A. strictum, A. murorum, A. terricola
Alternaria A. alternata, A. citri, A. cucumerina 5 3 1
Aspergillus A. athecius, A. caesellius, A. candidus, 34 14 10
A. duricaulis, A. fisheri, A. flavus, A. fumigatus,
A. niger, A. ochraceus, A. penicillioides, A. clavatus,
A. terreus, A. restrictus, A. versicolor, A. A. ustus
Botrytis B. allii, B. bifurcata, B. cinerea 5 2 1
Chrysosporium C. merdarium, C. farinicola, C. inops 2 0
Cladosporium C. cladosporioides, C. cucumerinum, 11 8 1
C. sphaerospermum, C. herbarum, C. tenuissimum
Eupenicillium E. brefeldianum 5 3 1
Eurotium E. herbariorum, E. niveoglaucus 2 1 1
Fusarium FE anthophilum, F. equiseti, F. merismoides, 17 6 4
F. monilogorme, F. oxysporum, F. proliferatum,
F. redolens, F. solani, F. poae, F. sporotrichioides,
F. heterosporum
Gliocladium G. catenulatum, G. deliquescens, G. virens, G. viride 7 4 1
Myrothecium M. roridum, M. verrucaria 2 1 1
Mucor M. circinelloides, M. hiemalis, M. lusitanicus, 12 5 1
M. mucedo, M. murorum, M. oryzae, M. racemosus,
M. ramannianus, M. silvaticus
Nectria N. haematococca, N. ventricosa 2 1 1
Paecilomyces P. javanicus, P. inflatus 2 0 0
Perenospora P farinosa, P. parasitica 2 2 0
Pythium P. aphanidermatum, P. ultimum 3 2 1
Rhizopus R. oryzae, R. stolonifer 10 2 3
Sclerotinia S. fuckeliana, S. rolfsii, S. sclerotiorum 12 4 1
Trichoderma T. aureoviride, T. harzianum, T. viride, T. hamatum 4 1 0
Ulocladium U. consortiale, U. botrytis, U. chartarum 5 1 1
Verticillium V. album, V. alboatrum 5 3 1
Total 166 69 36

Note. * TKP — changed colony pigmentation and pigment released into media. ** KP — changed colony pigmentation.

assessing the fungal contamination
level of grains or other raw materi-
als of plant origin.

Basing on the analysis of the
obtained data, the diversity of mic-
romycetes — potential toxin produc-
ers and abundance of toxic com-
pounds produced by these fungi and
released into the environment where
they can pose threat to health should
be pointed out. During this work, a
collection of toxin-producing micro-
mycetes isolated from raw material
and products of plant origin was
accumulated (Fig. 6).

Fusarium Alternaria Penicillium
183 strains 119 strains 190 strains
Other
(Botrytis, Bipolaris,
A . Sclerotinia, Phoma,
erticillium Micromycetes able to produce and Rhizopus, Monilia,
15 strains accumulate toxic compounds Ulocladium)
~690 strains ~80 strains
Aspergillus Cladosporium Mucor
45 strains 25 strains 33strains

Fig. 6. Mycotoxin-producing fungi isolated from food
raw material of plant origin
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Table 5. Primary screening of the genus Penicillium micromycetes able to synthesize toxic secondary metabolites

Species of the Number of Results after 7 days| Species of the Number of | Results after 7 days
genus Penicillium tested species TKP* | Kp** genus Penicillium tested species Kp*s Kp*+
TKP*

P atramentosum 1 1 - P. lanosogriseum 2 1 1
P. aurantioviolaceum 2 2 - P. lanosoviride 5 2 2
P aurantiacus 2 1 1 P lanosum 1 - 1
P. biforme 6 2 1 P lividum 3 1 1
P. brevicompactum 1 1 - P. martensii 1 1

P canescens 2 1 1 P. meleagrinum 1 - 1
P capsulatum 2 0 1 P melinii 1 1 -
P. chermesinum 2 2 - P miczynskii 1 - -
P. chrysogenum 5 3 2 P. nalgiovense 1 - -
P cyaneofulvum 1 1 - P. nigricans 1 - 1
P. cyclopium 3 3 P. notatum 3 2 1
P citreoviride 3 2 1 P. ochrochloron 1 - -
P citrinum 2 1 1 P. olivinoviride 2 1 1
P. claviforme 8 7 0 P. oxalicum 7 2 2
P clavigerum 5 3 2 P. palitans 6 2 1
P. commune 1 1 - P paxilli 6 3 1
P. corylophilum 4 3 1 P. piceum 2 2

P corymbiferum 1 1 P. piscarium 1 1 -
P daleae 1 1 - P. purpurescens 2 2 -
P damascenum 1 - 1 P purpurogenum 2 2 -
P. decumbens 2 0 1 P putterilli 1 1 -
P. digitatum 7 2 2 P. raciborskii 1 1 -
P diversum 2 1 0 P restrictum 2 1 0
P duclauxii 1 1 - P. reticulosum 1 1 -
P expansum 13 9 2 P. roqueforti 1 - 1
P. fellutanum 2 0 0 P. silvaticum 1 1

P frequentans 1 1 P. spinulosum 7 3 2
P funiculosum 5 2 1 P steckii 3 1 1
P fuscum 1 - 1 P. stoloniferum 4 3 1
P godlewskii 3 1 2 P tardum 2 0 1
P granulatum 11 9 2 P urticae 1 1

P. herqui 1 1 - P. variabile 4 3 0
P implicatum 4 1 1 P. varians 1 1 -
P islandicum 3 2 1 P. velutinum 1 0 0
p. italicum 12 7 3 P. verrucosum 4 2 0
P. janthinellum 1 - P. verruculosum 4 3 1
P. lanosocoeruleum 3 2 1 P. viridicatum 2 1 1
Total 74 216 121 51

Note. *TKP — changed colony pigmentation and pigment released into media. **KP — changed colony pigmentation.

CONCLUSIONS

1. Data of the present investigation allow to state that
raw material of plant origin is heavily contaminated by
propagules of various microorganisms, origination and
sources of which as well as species diversity depend
on the ecological conditions under which plants are
grown and harvest is handled, stored, processed, sold
and used.

2. Micromyces comprise a large part of microorgan-
isms contaminating raw material of plant origin. Most
of these micromycetes are able to produce toxic sub-

stances and release them mostly as secondary metabo-
lites into their nutritive substrate. When a fungus pro-
ducing toxic metabolites grows on food raw material,
the latter becomes dangerous to human and animal
health.

3. Mycotoxins are produced by micromycete strains
belonging to various genera and species. Toxin abun-
dance and composition are determined by genetic pecu-
liarities and the environment where a toxin producer
grows. A collection of toxin-producing micromycetes
isolated from row material and products of plant origin
was accumulated.
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Table 6. Primary screening of fungi, more rarely detected on food raw material, able to synthesize toxic secondary

metabolites

Fungal species Number qf Results after 7 days Fungal species Number qf Results after 7 days

tested species TKP* | Kp** tested species Kp*+ Kp*+

Annellophorella 1 0 0 Mpyceliophthora vellerae 1 - 1
magdalensis Oidium oospora 1 1 -
Arthroderma tuberculatum 1 1 - Piptocephalis 1 1 -
Ascochyta pruni 1 - 1 lemmonnieriana

Aureobasidium prunicola 1 0 0 Pleospora infectoria 1 1 -
Bdellospora helicoides 1 - 1 Rhinocladiella spinifera 1 1 -
Chaetomium aureum 1 1 - Rhizoctonia solani 2 1 1
Cylindrocarpon destructans 1 - Rhizomucor pusillus 1 1 -
Cylindrocephalum stellatum 1 1 - Sphaerotheca mors-uvae 1 - 1
Cylindrocladium soparium 1 1 - Sporotrichum pruinosum 1 - 1
Cunninghamella elegans 1 - 1 Thielaviopsis basicola 1 1 -
Dipodascus aggregatus 1 - 1 Tilachlidium pinnatum 1 1
Embellisia allii 1 1 - Trichthecium roseum 1 1 -
Geotrichum fermentans 1 - 1 Verticillium trifidum 1 - 1
Hyalodendron lignicola 3 0 2 Volutella ciliata 1 0 0
Hormonema prunorum 1 1 - Wardomyces dimerus 1 - 1
Leptodontium boreale 1 1 -

Total 31 34 16 14

Note. *TKP — changed colony pigmentation and pigment released into media. **KP — changed colony pigmentation.

4. Under conditions of Lithuania, raw material and pro-
ducts of plant origin are mostly contaminated by fungi of
the Penicillium, Aspergillus, Alternaria, Fusarium,
Eupenicillium, Eurotium, Paecilomyces, Cladosporium,
Mpyrothecium, Acremonium, Rhizomucor, Mucor, Mortierella,
Trichotecium, Verticillium and Volutella, etc. genera, never-
theless, their abundance not always coincides with their
capacity of toxin production. Ability to produce toxic com-
pounds is often characteristic of one or some strains of a
species. The intensity of synthesis of secondary metabolites
is limited by the composition of the nutritional substrate
and the most important environmental factors: humidity, tem-
perature, light, substrate pH, and the composition and func-
tional peculiarities of the surrounding biota.

5. Using specific primers, the species of fungi de-
tected in the foodstuff tested were determined. Evalua-
tion of the ratio of PCR product to the initial DNA
concentration allows assessing the fungal contamination
level of grains or other raw material of plant origin.

6. Contamination of food products by fungal toxins
is a significant ecological problem closely related to
human health. It is often neglected that every mic-
romycete growing on food raw material synthesizes and
releases mostly low amounts of various toxic substances,
which get into food and on reaching human or animal
organisms affect their functions. The toxic effect and
outcomes depend on the length of exposure and accu-
mulation peculiarities. At present the effect of only
several mycotoxins is more or less investigated, and
attempts are made to control them, while the influence
of many other metabolites is considered to be insignifi-

cant and no attention is paid to their control. The data
of the present investigation contribute to the understand-
ing of this important ecological problem.
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MIKROMICETAI — TOKSINU PRODUCENTAI,
APTINKAMI ANT JVAIRIOMIS LIETUVOS
SALYGOMIS ISAUGINTOS AUGALINES MAISTO
ZALIAVOS

Santrauka

2003-2006 m. atliktais tyrimais iSaiskinti mikromicetai —
potenciallis mikotoksiny producentai, nustatyta ju sistematiné
priklausomybé ir geba sintetinti toksinus jvairiomis augimo
salygomis.
kaupimosi

Nustatyti mikromicety, sintetinanciy toksinus,

darzovése, vaisiuose, uogose, prieskoniniuose
augaluose, griiduose, séklose bei jvairiuose i§ ju pagamintuose
produktuose désningumai. Aptariami veiksniai, lemiantys
mikromicety galimybes gaminti {vairius toksinus ir juos isskirti
1 maistui skirtas augalinés kilmés Zaliavas. Nustatyti potencialiis
toksisky antriniy metabolity producentai ruoSiant augaling
medziaga zmoniy maistui. Jiems priskirti Sitokiy rasiy
mikromicetai: Alternaria alternata, A. citri, A. cucumerina,
Aspergillus candidus A. clavatus, A. flavus, A. fumigatus, A.
niger, A. ochraceus, A. parasiticus, A. sulphureus, A. ustus, A.
versicolor, Cylindrocarpon destructans, Drechslera sorokiniana,
Fusarium culmorum, F  equiseti, F. graminearum, F
moniliforme, F. oxysporum, F. poae, F. proliferatum, F. solani F.
sporotrichioides, Penicillium aurantiogriseum, P. chrysogenum, P,
claviforme, P. clavigerum, P. commune, P. corylophilum, P.
crustosum, P. expansum, P. funiculosum, P. griseofulvum, P.
palitans, P. spinulosum, P. variabile, P. viridicatum. Patikrinta
nuo augalinés maisto zaliavos i$skirty mikromicety geba sintetinti
toksiSkus antrinius metabolitus, atlikta pirminé aktyviy
producenty atranka. Patikslinta kai kuriy mikromicety producenty
padermiy sistematiné priklausomybé taikant molekulinius
genetinius metodus. Nustatyti toksinai, kuriuos gamina atrinktos
mikromicety padermés. Nurodyta iSskirty mikromicety jvairové
ir savastis atsizvelgus i substrato specifiSkuma, klimato salygas,
aplinka, ypa¢ dulkétuma, drégnj, temperatiira.

RaktaZodziai: mikromicetai, maisto zaliava, produktai,

mikotoksinai, temperatiira, drégnis, sanitariné buiklé



