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Abstract: In 2003-2004, investigations of mycological contamination of stored and
newly harvested vegetables were carried out. The aim of the study was to detect fungal
species able to synthesize toxic metabolites, which are spread on vegetables under
various conditions. For mycological investigations, samples of carrots, onions and
cabbage were taken from storehouses with different storage periods and conditions.
Penicillium expansumP. nalgiovenseMucor silvaticusand Penicillium verrucosum

were more frequently detected on carrd®gnicillium expansum on onions and
Aspergillus niger Botrytis cinerea Mucor hiemalis Penicillium funiculosumand
Penicillium expansum on cabbages. Storing conditions of vegetables influenced
distribution of different fungal species. Primary screening using CYA and YES test-
media showed that 46.7% of tested strains may be evaluated as toxin producers. The
ability of fungi to produce mycotoxins depends on their growth substrata. According to
Rf and fluorescence in the UV of compounds comparing with standards, such toxins as
patulin, cytochalasin and penitrem were identified. The abilifyesficillium expansum
Sv-168-1 growing on different foodstuff and especially potato to produce patulin was
confirmed quantitatively.
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INTRODUCTION Carrots, cabbages and onions are among the most
popular vegetables and important components of various
In most European countries the demand for organarganic food products. Microorganisms of some species
products is continuously increasing. A safe organic foadtensively developing on vegetables make them unsuita-
supply requires the development of detection methodsle for consumption. These include specie®\bérnaria
identifying mycotoxin risks in the production chain,(carrots, cabbages, cauliflowers, peppers, tomatBes)tis
determining critical points of harvesting, storing orgreen beans, carrots, onions, peppe@)lletotrichum
processing. Some environmental conditions promote tlfleeans, onions, tomatoed$jusarium (carrots, potatoes).
development of various microorganisms that contaminakdighly toxigenic fungi such aSusarium oxysporumvere
vegetables in places of their growth, ripening, harvestirigolated from carrots;. solanifrom cabbages?enicillium
and storage. The propagules of micromycetes infect pldahosumfrom onions [2, 6].
origin material from the soil and air. Ability to adapt to In storehouses of organic products there is always
changing environmental conditions enables them faenty of dust with various soil fungi propagules,
contaminate stored vegetables and to cause their spoildlgerefore workers in such premises are at risk of work-
during storage [3, 13, 24]. related respiratory and skin diseases [10, 32]. It was
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estimated that the concentrations of tofalisarium separate boxes with an autonomic system of microclimate
species in grain dust samples significantly correlated withaintenance. Keeping temperature was 0-1°C and relative
the concentrations of total fusariotoxins. Especially highir humidity was not regulated.
levels of mycotoxins are estimated in small farms
unequipped with ventilation systems [21]. The same trendslsolation of fungi. For the mycological investigations,
of mycotoxin distribution may be evident in storehous&8 samples of vegetables: 6 of carrots, 5 of onions and 7
dust of vegetables. Therefore, the workers of vegetalié cabbages were taken. A piece of visibly infected
processing facilities could be exposed to micromyceteggetable was cut off with a sterile scalpel and placed on
and their produced mycotoxins pose a risk of respiratorgalt agar medium with chloramphenicol (50 mg/l). Fungi
diseases. Various toxic compounds produced by certairere cultivated for 7-10 days at a temperature of 28°C.
micromycete species are especially hazardous. Aiming Tihe analysis of each sample was performed in 4 repli-
evaluate the potential hazard to the health of people acations [28]. Pure micromycete strains were isolated on
animals caused by mycotoxins, scientists investigated te@andard Czapek, malt and corn extract media and
contamination of food and feed with micromycetes tadentified according to manuals [8, 15, 18, 25, 29, 30].
determine the synthesised mycotoxins [12, 14, 23, 32, 33Petection frequency (%) of dominant species was calculated.
The aim of the research was to investigate the diversity
of micromycete species - potential mycotoxin producers - Evaluation of the micromycete toxicity. Selection of
spread on vegetables stored under various conditiofusgi able to synthesize secondary metabolites was tested
during winter, and that of new yield, to select strainapplying cultivation on standard Czapek agar, Czapek

synthesizing toxic secondary metabolites. yeast extract agar (CYA) and yeast extract-sucrose agar
(YES) media for 7-14 days at 28°C temperature. Strains -
MATERIALS AND METHODS potential producers of mycotoxins - showed significant

changes in the colour of colonies and abundant excretion

Investigated premises.The mycological analyses of of pigment into CYA and YES media [14].
vegetables stored during winter in storehouses (2003 yeaiThin-layer chromatography method was used for the
yield) and those of new 2004-year yield were performe@stimation of toxins produced by fungi. Silica gel 60 with
Vegetables were stored in various storehouses belongifgprescent indicator UV254 (Mackerey-Nagel) was used.
to State and private farms (located in Kaunas arf8elected fungal strains were grown on malt agar (MA) for
Kédainiai districts, Lithuania). Their temperature, 14 days; biomass was collected and extracted with 96°
humidity and ventilation conditions varied. ethanol. CYA and YES media were used additionally for

Carrots and cabbages were stored by 2 methods: cektimation of the influence of substrata on the ability to
storage and in bulk storage. A crate storage system wasduce secondary metabolites. 0.05-0.1 ml of extract
used in cold storage. Vegetables were brought from thed standard toxins were analysed chromatographically.
fields and containerized; the containers were loaded onThe separation of compounds was carried out in the
floors and brought to cold storage where aeration alorsgstem of solvents toluol-etilacetat-formic acid (5:4:1).
crates was used. At temperature of 0.1+0.1°C and relatiPeoduced mycotoxins were identified according to Rf
air humidity of 99-99.5% for carrots and 0+0.1°C, 94-{distance of compound/distance of solvent) and to fluores-
95% for cabbages was maintained. This storehouse lt&ce in the UV, as compared with standards [4, 11].
been in use for about 5 years. The amount of patulin produced by fund@esnicillium

In another storehouse, carrots were stored in bulkpansumsv-168-1 under different growing conditions
without ventilation or mechanical refrigeration. The pilevas determined using international standard [16].
of carrots was 1.5-1.7 m deep, storage conditions were
not regulated; temperature was 6-8°C and relative air RESULTS AND DISSCUSION
humidity - 96—-98%.

Cabbages were stored in bulk with a mechanical Contamination of vegetables by fungal propagules
ventilation system. The pile of cabbages was 1.6—1.8 depended upon various factors: their growing technologies,
high, temperature of blowing air was not regulatedchosen sorts and climatic conditions during the vegetation
storage temperature was 6—8°C and relative air humidityeriod. Species of micromycetes detected on vegetables
96-98%. of the 2003 and 2004 - year yield and stored by different

Onions after harvesting were dried in storehouse witlneans are shown in Table 1. It is evident that storing
outside air to 8-9% of outer peel humidity. They wereonditions influenced distribution of different micromycte
stored in bulk with a mechanical ventilation system. Thepecies. For example, a lower nhumber of fungal species
size of the pile was 500 t, and was 3.5 m deep. Ventilatiovas detected on the carrots stored in cold storage, in
was maintained manually, 350°%m per ton. Keeping comparison with vegetables stored in the old stone
temperature was 6—8°C and relative air humidity 75-80%0ombined storehouse. It was noticed that the species

Some carrots, cabbages and onions were kept incamposition of fungi isolated from vegetables stored in
combined stone storehouse for vegetables. Its period afmbined storehouse was more diverse and significantly
use was more than 30 years. Vegetables were keptdiffered from those obtained in cold storage. The
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Table 1. Species of micromycetes isolated from vegetables stored under different conditions.

Condition of storage  Year of yield Isolated micromycete species
harvesting
Carrots
Cold storage 2003 Mortierella alpina Peyronel,Mucor hiemaliswehmer,M. luteusLinnem., M. mucedoFresen. M.

silvaticusHagem Penicillium corymbiferunWestling,P. expansunkink, P. granulatumBainier,P.
nalgiovenseLaxa, P. oxalicumCurrie et ThompP. rugulosumThom, P. steckiiK.M. Zalessky,P.
viridicatum Westling, Sclerotiniasclerotiorum(Lib.) de Bary,Septoria carotaéNagorny,Serpula
lacrymansg(Wulfen)J. Schrét, Sporotrichum olivaceurfLink et Fr.) Fr.,Trichoderma viridePers.

—r— 2004 Alternaria sp.,Aspergillussp.,Aureobasidium pullulan&. Arbnaud Fusarium oxysporurchitdl.,
F. sambucinumFuckel, Mortierella alpina Peyronel, Mucor hiemalis Wehmer, Penicillium
clavigerumDemelius,P. corymbiferumWestling, P. expansuniink, P. frequentandVestling, P.
rugulosumThom, Rhizomucor pusillugLindt) Schipper,Rhizopus oryza&Vent ex Prins. Geerl.,
Sclerotium rolfsiiSacc. Septoria carotadagorny Verticillium tenerum(Nees ex Pers.) Link

Bulk storage 2003 Aspergillus nigerTiegh.,Mucor silvaticusHagem,Mucor sp., Penicillium corymbiferunWestling,
P. expansuniink, P. nalgiovenseLaxa, P. olivinoviride Biourge, P. steckiiK.M. Zalessky,P.
verrucosunDierckx

Combined storehouse 2004 Alternaria dauci(J.G. Kithn) J.W. Groves et S. Hughes, A. radicinaMeier, Drechsler et E.D. Eddy,
Fusarium moniliforme J. Sheld,F. solani (Mart.) Appel et Wollenw.Mucor murorum Naumov,
Penicillium corymbiferumWestling, P. granulatum Bainier, P. lanosoviride Thom, Pythium
sylvaticumW. A. Campb. et F. F. HendriRhizoctonia solani.G. Kiihn, Trichoderma viridePers.

Onions

Bulk storage 2003 Aspergillus restrictuss. Sm.,Galactomyces geotrichu.E. Butler et L.J. Peterseklucor albo-
ater Naumov, Paecilomyces niveustolk et SamsonPenicillium jensenii K.M. Zalessky, P.
fellutanumBiourge

—r— 2004 Aspergillus niger Tiegh., Choanephora cucurbitarun{Berk. et Ravenel) TaxtCladosporium
cladosporioideg(Fresen.) G.A. de Vriesylucor hiemaliswehmer,Penicillium aurantioviolaceum
Biourge,P. expansunkink, P. spinulosunThom,P. tardumThom

Combined storehouse 2004 Aureobasidium pullulansG. Arnaud, Mucor murorum Naumov, M. piriformis A. Fisch., M.
racemosus-resen.PenicilliumclaviformeBainier,P. corymbiferumWestling,P. digitatumSacc. P.
expansuntink, P. funiculosunTThom,P. verruculosuniPeyronelTrichoderma viridePers.

Cabbages

Cold storage 2003 Alternaria brassicae(Berk.) Sacc.)Aspergillus nigerTiegh.,Botryotinia porii (v. Beyma) Whetzel,
Botrytis cinereaPers. et Fr.Cladosporium herbarun{Pers.) Link ex Grayfusariumavenaceum
(Fr.) Sacc.,Mucor hiemalis Wehmer, Penicillium expansunLink, P. funiculosumThom, P.
nalgiovenseLaxa, P. olivinoviride Biourge, P. paxilli Bainier, P. verrucosunDierckx, Penicillium
sp.,Sporotrichum aurantiacur(Bull. ex Fr.) Fr.

—— 2004 Botrytis cinereaPers. et FrPenicilliumclaviformeBainier,P. corymbiferumVestling,P. cyclopium
Westling,P. decumben¥hom, P. expansuntink, P. granulatumBainier, P. martensiiBiourge,P.
oxalicumCurrie et ThomP. roquefortiiThom,P. variabile Sopp,Piptocephalis arrhizav. Tiegh. et
le Monnier,Scopulariopsis brevicaulié&acc.) BainierJrichoderma viridePers.

Bulk storage 2003 Absidia spinosa.endn., Aspergillus nigerTiegh., Botrytis cinereaPers. et Fr.Mucor hiemalis
Wehmer M. luteusLinnem.,M. muceddFresen.M. racemosugresen.Oidiodendron rhodogenum
Robak, Penicillium expansumLink, P. olivinoviride Biourge, P. sublateritium Biourge, P.
verrucosunDierckx, Rhizopus oryza®ent ex Prins. GeerlSporotricum aurantiacur(Bull. ex Fr.)
Fr.

Combined storehouse 2004 Mucor hiemalisWehmer,Penicillium corymbiferumWestling, P. expansuntink, P. funiculosum
Thom,Penicilliumsp.,Trichoderma viridePers.

comparatively small number of species isolated fromistributed in a cold storehouse with rather good storing
cabbage stored in combined storehouse may be explaim@ditions; however, wooden boxes were badly damaged
by low contamination of these vegetables in the fields. by these fungi (Fig. 1)Serpula lacrymanshas been

The carrots of the 2003-year yield stored in the farmeescertained as able to produce such mycotoxins as
storehouses during winter were contaminated with fungariegatorubin, xerocomic and atromentic acids;
of 22 species. The detection frequency R#nicillium  furthermore, the action of the spores of this micromycete
expansumand P. nalgiovensewas 100%, ofMucor increased sensibility of organism [26, 34]. The latter
silvaticus and Penicillium verrucosum 66.7%.Septoria example apparently demonstrates that containers
carotae and Serpula lacrymansfungi were found produced from non-quality and properly prepared wood
exceptionally on carrots. Serpula lacrymans was cannot be used.
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Figure 2. Fungal genera composition on stored (A) and harvested (B)
carrots.

Penicillium (13), Mucor Fresen. (5) and-usarium (4)
genera. Some speciesMycor hiemalis Penicillium
Figure 1. Serpula Iacrymansm carrots stored in wood boxes in cold expansumP. granulatumP. rugulosumSeptoria carotag
storage. Trichoderma viridy, were isolated from both 2003 and

The carrots of the 2004-year yield were examined004 years yield (Tab. 2). The majority are known as
mycologicaly after harvesting and transporting to th&oxin producers.
storehouses. The fungi of 27 species were detected, buThe number of detected species on the onions stored
detection frequency only oPenicillium corymbiferum during winter was not great - 6 fungal species were
reached 66.7%. It was noticed that the fungi of the gendsmlated. Galactomyces geotrichurand Mucor alboater
Alternaria Nees andrusarium Link were not found on were found more frequently.
the carrots of the 2003-year yield, while on the samples of Eighteen fungal species were isolated from the newly
the new yield the species of the mentioned genera reachedvested onions, 4 (22.2%) of them belonged to the
18.5 and 14.8% of all isolated species. The reason for tigignus Mucor, 9 (50%) - to the genu$enicillium
phenomenon may be the different climatic conditionBenicillium expansum which is known as potential
during the carrot vegetation in the mentioned years. Theoducer of mycotoxins (citrinin, patulin, etc.) [27], was
Alternaria genus fungi are known as producers of suctound on all of the examined onion samples.
harmful mycotoxins as radicinin, altertoxin, alternariol Cabbages, differently from carrots and onions, are leaf
and tenuazonic acid [26, 34]. vegetables, but the fungal species composition revealed

It was noticed that the species composition of fungin them was similar to root vegetables carrots. 23 species
detected on new harvest vegetables is more diverseahfungi were isolated from the samples of cabbage stored
comparison with stored vegetables, because a greltring winter. The differences between the amount of
number of fungal propagules passed on them with sadiolated species and the storage conditions were not
(Fig. 2). Vegetables are contaminated with fungi in fieldsignificant: 6-9 species were found on cabbages from
and a part of them continues to grow during storage. various storehouses. The majority were ascribed to the
wide distribution of thePenicillium Link genus fungi in genera Mucor and Penicillium (17.4% and 39.1%,
storehouses may pose a hazard to human health [20]. correspondingly).

In total, 38 fungal species were isolated from the On the new harvested cabbages, 18 species of fungi
examined carrot samples. The majority belonged to theere detected. The part of species from the g&fusor

Table 2. Fungal species detected on stored and harvested carrots and their ability to produce toxins.

Fungi Detection frequency, % Produced main toxins (according to [5, 34])
Mortierella alpinaPeyronel 33 -

Mucor hiemaliswehmer 33 ergoline alcaloids

Mucor silvaticusHagem 33 -

Penicillium corymbiferunWestling 667 roquefortin, patulin

P. expansunhink 66.7 citrinin, patulin, roquefortin

P. granulatunBainier 333 patulin

P. nalgiovensé.axa 500 cyclopiazonic acid

P. rugulosumrhom 333 rugulosin

P. steckiiK. M. Zalessky 33 citromycotin

Serpula lacrymanéWulfen) J. Schrét 333 variegatorubin, xerocomic, atromentic acids

Trichoderma viridePers. 33 trichodermin, T-2 toxin, viridin, viridiol
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Figure 3. Distribution of fungal species belonging to different genera orfigure 4. Amount of patulin produced bRenicillium expansungv-
various vegetables. 168-1 growing on different foodstuff.

was 16.7%,Penicillium - 50%. It was noticed that the of isolated species are known as potential producers of
complex of dominating species on all examinedoxic secondary metabolites [5, 34].
vegetables was more abundant on stored vegetablesPrimary screening of toxin producing micromycete
compared to the new harvest (Tab. B3pergillus niger strains was carried out. For the investigation, 30 strains
Botrytis cinereaPenicillium corylophilum P. expansum were selected according to their detection frequency or
P. funiculosum P. olivinoviridg P. verrucosum knowledge about their ability to produce toxins. The
Trichoderma virideare able to synthesize various toxiomajority of tested strains did not show colour changes or
secondary metabolites [34]. these changes were not significant (33.3 and 20%,
Totally, 34 species of fungi were isolated fromcorrespondingly). Some pigmentation changes were
cabbages and identified. The genera composition did ratserved in 14 (46.7%) tested strains and 7 (23.3%) of
vary significantly: 50% of detected species were ascribéldlem may be evaluated as toxin producErssariumsp.
to the genu®enicillium, 11,8% - to the gendducor, and 1-pk, Alternaria brassicae (Berk.) Sacc. 2-pk,
13 species (38.2%) belonged to other genera. Detecti@hrysosporium merdarium(Link ex Grev.) J. W.
frequency ofAspergillus niger Botrytis cinerea Mucor Carmich. 1-Sal, Fusarium solani (Mart.) Appel et
hiemalis Penicillium funiculosumwas 42.9% and of Wollenw. F-08,Alternaria alternata (Fr.) Keissl. B-230-
Penicillium expansum 71.4%. Results of this researchl, Penicillium sp. Sv-161-1Penicillium expansuntv-
correspond to the results of previous investigationd68-1. It is assumed that a fungus with a significantly
carried out in various preservation and selling premisefanged colony colour and excreting pigments on CYA
[24]. and YES media in comparison with Czapek could be a
Seventy-two species of fungi were isolated from thpotential producer of mycotoxin [1, 14].
tested vegetable samples. The majority of isolated speciesThe most strains able to produce various mycotoxins
were found on carrots - 52.8%, on cabbages - 47.2%, were isolated from onions (80%) (Tab. 4). Cabbage was
onions - 33.3%. Fungal species belonging to the genost significantly contaminated by harmful fungi (33% of
Penicillium prevailed - 34.2-50% on different vegetablesreated strains changed pigmentation). The greatest part of
(Fig. 3). TwoSclerotiniaFuckel species were found onlymycotoxin producers was detected among strains
on carrots. Fungi from the generAlternaria and belonging to the generdternaria (66.7%) and-usarium
Fusariumwere not incident to onions. Thus, the majority75%).

Table 3.Fungal species frequently detected on storaged and new yield cabbage.

2003 year yield 2004 year yield

Species of fungi Detection frequency, % Species of fungi Detection frequency, %
Aspergillus nigef Tiegh 50 Penicillium corymbiferumWestling 66.7
Botrytis cinereaPers. et Fr. 50 P. expansurnlink 100
Mucor hiemalisWehmer 50 Trichoderma viridePers. 66.7
Mucor mucedo Fresen. 50

Penicillium expansumLink 50

P. funiculosumThom 50

P. olivinoviride Biourge 50

P. verrucosumDierckx 50

Sporotrichum aurantiacurgBull. ex Fr.) Fr. 50

& potential mycotoxin producers
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Table 4. Distribution of fungi synthesizing secondary metabolites in different genera and on various vegetables.

Genera of fungi Number of treated Potential mycotoxin Vegetables Number of treated Potential mycotoxin
strains producers, % strains producers, %
Alternaria 3 66.7 Potato 9 66.7
Cladosporium 2 0 Carrot 6 66.7
Fusarium 4 75 Onion 5 80
Mucor 2 50 Cabbage 3 33.3
Penicillium 8 50 Herbs 3 66.7
Other 11 36.4 Other 4 50

Table 5.Secondary metabolites excreted by fungi growing on media of different chemical composition.

Fungi Number of produced metabolites on different media Identified toxins
AM CYA YES
Penicilliumsp. Sv-161-1 1 2 3 Not identified
Penicillium expansurhink Sv-168-1 6 3 7 Patulin, cytochalasin, penitrem,
tenuazonic acid®?
Fusariumsolani(Mart.) Appel et Wollenw. F-08 7 3 4 Patulify @ytochalasin®

& —? — Small amount of compounds

Table 6.Secondary metabolites produced by fungi grown on malt agar.

Fungal strains Isolation source Number of produced Identified toxins
metabolites

Alternaria alternata(Fr.) Potato 9 Patulin, cytochalasin, penitrem

Keissl. B-230-1

Cladosporium chlorocephalum Cabbage 1 Sterigmatocystih ?

(Fresen.) E.W. Mason et M.B. Ellis 3-pk

Ulocladium oudemansii Potato 4 Tenuazonic acid, sterigmatocystin
E.G. Simmons B-230-2

Alternaria pluriseptata(P. Karst et Har.) Potato 5 Tenuazonic acid, cytochalasin
Jarst. B-230-3

Scytalidium lignicola Lovage 1 Sterigmatocystirf ?
Pesante G-453

Chrysosporium merdariurfLink ex Grev.) Sage 2 Tenuazonic acid, patulfh ?
J.W. Carmich. 1-Sal

#—? — Small amount of compounds

Thin-layer chromatography allows qualitative estima- Dematiaceous fungi are widely spread on vegetables,
tion of toxin production and according to Rf comparingotatoes and herbs. Analysis by thin-layer chromatography
with standards and to scintillation in UV the identificatiorof 5 strains from the generlternaria, Cladosporium
of some of them. For example, tenuazonic acid colourddghk, ScytalidiumPesante andlocladiumPreuss showed
in ferruginous under action of 2% Fg@h ethanole. The that the greatest number of secondary metabolites was
ability of fungi to produce mycotoxins depends on theisynthesized by straiAlternaria alternata B-230-1 (Tab.
growth substrata. The obtained data show that fun@). Tenuazonic acid and cytochalasin were identified as
growing on different media produced various metabolitesecondary metabolites produced by examiA#drnaria
(Tab. 5). TestedPenicilliumsp. Sv-161-1 anBenicillium strains. The strains from the geneZéadosporiumand
expansumSv-168-1 produced the greatest amount dBcytalidium were not determined as toxin producers.
metabolites growing on YES media, Buisariumsolani  Sterigmatocystin was the only toxin preliminary identified
F-08 - on Czapek. Differences of strains toxicityfrom Scytalidium lignicolaG-453 strain. Tenuazonic acid
depending on cultures preservation techniques, cultuwes detected amon@hrysosporium merdariuni-Sal
media or sugars used have also been emphasized by othetabolites. Fungi of this species, characterized by yellow
researches [7, 17, 31]. According to Rf and fluorescenpggmentation, were frequently detected on desiccated
in the UV, such toxins as patulin, cytochalasin anberbs, they therefore pose a risk to human health.
penitrem were identified. Very small amounts of some Toxigenic strains oPenicillium expansunand patulin
compounds did not allow their exact identification. Thare frequently found on various fruits and vegetables [22,
remainding compounds were not identified due to th27]. The ability of Penicillium expansuntv-168-1 to
absence of standard toxins. produce patulin was confirmed, quantitatively growing
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the fungi on different foodstuffs (Fig. 4). The greatedasin, penitrem, tenuazonic acid and sterigmatocystin

amount of patulin was estimated when the treated straiere identified. The greatest number of secondary

was grown on potato - 0.025 mgkgThe results show metabolites was synthesized by straiiternaria alternata

that fungi functioning on various food products are able #-230-1, Penicillium expansun8v-168-1 andrusarium

contaminate them with different amounts of one osolaniF-08.

another toxic compounds. Researches by other authordThe ability of fungi to produce toxic secondary

confirmed that strains dPenicillium species synthesized metabolites depends on growing substrata. The highest

sets of secondary metabolites different from those knovamount of patulin synthesized Benicillium expansum

for these species from the literature [19]. Sv-168-1 was estimated when the treated strain was
Various chemical compounds were used for limitatiogrown on potatoes.

of spreading of micromycetes in storehouses. The walls of The data of investigations are of great importance for

the storage, wood boards of containers were treated wjitoposing preventive measures to producers, enabling the

such desinfection agents as Anolit, Menno Floratemitation of the spread and functional abilities of harmful

TH4+, CIPS, and steam. It was estimated that on differefuingi and the observation of the quality of products, from

substrata the used chemicals affect micromycetes unequdthe fields where they grow to the processed products.

Thus, TH4+ significantly decreased the amount of

micromycete on concrete walls, Menno Florates - oAcknowledgements
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important to emphasize that elimination of some SpecieSGrateful thanks to dr. habil. Regina Varnaité for assistance
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Nowadays, there are suggestions to integrate biocontrol REFERENCES

agents with physical and chemical treatments [9]. _
The obtained data concerning factors inducing the 1- Bragulat MR, Abarca ML, Cabanes FJ: An easy screening
L . ? . method for fungi producing ochratoxin A in pure cultulre. J Food

distribution of mycotoxin producing micromycetes ONyicrobiol 2001,71(2-3) 139-144.

popular vegetables are important for reducing the possibi-2. Bullcarelli F, Brackett RE: Fungal deterioration of fruits and

lities of toxin producers to develop on food raw materialgegetablestandbook Appl Mycal991,3, 179-199.

; ; ; 3. Carlile MJ, Watkinson SCrhe fungi Academic Press, Hourcourt
from the growing stage to the end of their processing. Brace et Company Publishers, London, Boston, San Diego, New York
1996.
CONCLUSIONS 4. Cole RJ, Cox RH:Handbook of toxic fungal metabolites

Academic Press, New York, London, Toronto, Sydney, San Francisco

. . ) 981.

The species composmon Of_ fungi qeteCted on newﬁ/ 5. Cole RJ, Schweikert MA:Handbook of secondary fungal
harvest vegetables is more diverse in comparison wiketabolitesAcademic Press, Amsterdam... Tokyo 2003.
stored vegetables because a great number of fungal progoaﬁ- Davis ND, Wagener E, Dalby DK, Morgan-Jones G, Diener UL:

; : ; _ inFpxigenic fungi in foodAppl Microbiol 1975,30(1), 159-161.
QUIeS passed on them with soil. During Iong term storin 7. Digrak M, Ozcelik S: Determination of some fungal metabolites

a complex of domina_ted_ _species formed and toXigenig infiuenced by temperature, time, pH and sugars by bioassay method.
species composed a significant part among them. Turk J Biol2001,25, 197-203.

Different micromycete species composition was 8. Domsch KH, Gams W, Anderson THompendium of soil fungi
estimated on the same sort of vegetables depending gemm Press, London, New York, Toronto, Sydney, San Francisco
their storing conditions. Modern storage with automatic 9 proby s, Cohen L, Wies B, Daus A, Wisniewski M: Microbial
maintenance of suitable temperature and air humiditgntrol of postharvest diseases of fruits and vegetables - current status

allows decreasing contamination of vegetables withnd future outl(_)okln: ISHS Acta Horticulturaeés53, IV Int. Conf. on
micromycetes. Postharvest Scien@001.
. 10.Dutkiewicz J, Krysifiska-Traczyk E, Skorska C, Cholewa G,
In total, 72 fungal species from tested vegetables Weggyqwska J: Exposure to airborne microorganisms and endotoxin in a
isolated and identifiedPenicillium expansuimP. nalgio- potato processing plasknn Agric Environ Me®002,9, 225-235.
vense Mucor silvaticusandPenicillium verrucosumvere 11. Egmond HP van: Mycotoxins, sampling and chemical detection.

sl In: Introduction to food-born fungi3rd ed. Centraalbureou voor
more frequently detected on carrd@gnicillium expansum Schimmelcultures, the Netherlands 1988,

- ,On olnlons,.A.spergnlu_s niger BOtI’ytIS. (_:merea Mucor 12. Flannigan B: Detection and quantification of toxigenic moulds.
hiemalis Penicillium funiculosunandPenicillium expansum n: Smith JE, Henderson RS (Edb)ycotoxins and animal food&§7-
- on cabbages. 80. CRC Press, London 1991.

The data of primary screening showed that 7 teSt%drlf&LE?ﬁEiﬁgkcé’X}n ‘é‘;ﬁ/‘hﬁgWDﬁiEi% B'Xicmbiology 4th ed. Mc-

strains might be evaluated as toxin producers. The larges 4. Frisvad JC: Fungal species and their specific production of

amount of harmful fungal strains were isolated fronmycotoxins. In: Samson RA, van Reenen-Hoekstra ES (Eds):

onions (80%). The obtained data of thin-layer ChromatdﬁtLOdUCti?n Ito Food-borne Fulr;t9239—249. 3rdfedh. Centraltl)ureatrj1 V(I)ord
; ; ; - Schimmelcultures, Baar, Delft, Institute of the Royal Netherlan

graphy Showe.d that fungi _growmg on _dlfferent medl%cademy of Arts and Sciencess, the Netherland 1988.

produced various metabolites. According to Rf and 15 gams wcephalosporium - artige Schimmelpilze (Hyphomycetes)

fluorescence in the UV, such toxins as patulin, cytochavEB Gustab Fisher Verlag, Jena 1971.



260 Lugauskas A, Repeckiené J, Novosinskas H

16. 1ISO 8128-2. Part Rethod using thin-layer chromatograpti®93. 26. Roch VL, Frank H, Kormann REiftpilze Pilzgifte. Schimmelpilze.
17.Jimenez M, Mateo R, Mateo JJ, Hernandez E: Effect of tHdykotoxine. Vorkommen. Inhaltsstoffe. Pilzallergien Nahrungsmittel
incubation conditions on the production of patulin Benicilium  vergiftungen Ecomed, Landsberg and Lich 1990.

griseofulvumsolated from wheaMycopathologial991,115(3) 163-168. 27.Samson RA, Frisvad JC: Ecology and distribution of species in
18. Kozakiewicz Z:Aspergillus species on stored productdycol  Penicilliumsubgenu®enicillium Stud Mycol004,49.
Pap1989,161, 1-188. 28. Samson RA, Hocking AD, Pitt JI, King ADModern Methods in

19. Kozlovskij AG, Marfenina OE, Vinokurova NG, Zhelifonova VP, Food Mycology Elsevier, Amsterdam 1992.
Adanin VM: Mycotoxins ofPenicillium strains isolated from soils of 29. Samson RA, Hoekstra ES, Frisvad JC, Filtenborpi@duction
undisturbed and anthropogenically disturbed ecosystdikmobiologija to food- and airborne fungi 6th rev. ed. Centralbureau voor

1997,66(2), 206-210. Schimmelcultures, Utrecht, Ponsen et Looyen, Wageningen, the
20. Krysinska-Traczyk E, Dutkiewicz J:Aspergillus candidusa  Netherlands 2000.

respiratory hazard associated with grain dasin Agric Environ Med 30.Samson RA, Pitt JI: Modern concepts Renicillium and

2000,7, 101-109. Aspergillus classificationin: Proceedings of the 2nd Intern. Penicillium

21 .Krysinska-Traczyk E, Kiecana |, Perkowski J, Dutkiewicz J: and Aspergillus NATO Advanced Research WorksBep2 May 1989.
Levels of fungi and mycotoxins in samples of grain and grain dufaarn, the Netherlands 1989.
collected on farms in eastern Pola#en Agric Environ Med001,8, 31.Santos IM, Abrunhosa L, Venancio A, Lima N: The effect of
269-274. culture preservation techniques on patulin and citrinin production by
22.Logrieco A, Bottalico A, Mule G, Moretti A, Perrone G: Penicillium expansurhink. Lett Appl Microbiol2002,35(4), 272-275.
Epidemiology of toxigenic fungi and their associated mycotoxins for 32.Spiewak R, Skorska C, Gora A, Horoch A, Dutkiewicz J: Young
some Mediterranean crogsur J Plant PathoR003,109(7) 645-667. farmers with cellular reactivity to airborne microbes suffer more
23.Lugauskas A, Repeckiené J, Stakéniené J: Distribution of fungi  frequently from work-related skin symptoms and allergic dermatitis.
producing toxins on plant-origin food stock and produdtgronomijas  Ann Agric Environ Me@®001,8, 255-259.
vestis(Latvian Journal of Agronomy2004,7, 119-122, 33.Stakéniené J, Lugauskas A, Levinskaité L: Presence of potential
24.Lugauskas A, Stakéniené J: Toxin producing micromycetes on  toxin producing micromycetes on fruit and berriBsi Pol Acad Sci
fruit, berries and vegetable&nn Agric Environ Me@002,9, 183-197. Biol Sci2001,49(4), 413-420.
25.Nelson PE, Toussoun TA, Marasa WH@isarium species. An 34. Turner WB, Aldridge DC:Fungal metabolites Il Academic
illustratted manual for identificatiariThe Pennsylvania State University Press, A Subsidiary of Haerourt Brace Jovanovich Publishers, London
Press, University park and London 1983. 1983.



