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Abstract: Recently the food of people is profusely supplemented with vegetables and
fruit imported from various regions. Investigations on the mycological state of imported
foodstuffs revealed that the marketed vegetables, fresh, dried and frozen fruit are
contaminated with propagules of various micromycetes. The obtained results allow the
conclusion that vegetables and fruit can become a good substrate for mycotoxin
producing micromycetes. The micromycetes develop on everyday products and can
become the cause of slow toxicoses, which are characterized by a diversity of symptoms
and are difficult to diagnose. Therefore, contamination of food products with
micromycetes of theéPenicillium Aspergillus Fusarium Alternaria, Paecilomyces
Trichotecium Rhizopusgenera should receive particular attention. It should be noted
that a strain growing on a particular type of vegetable or fruit could synthesize and
excrete different toxic secondary metabolites.
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INTRODUCTION (LevisticumHill), basil (OcimumL.), fennel Foeniculum
Mill.); dessert: globe artichokeCfynara L.); generative
Aiming to enrich and add variety to nutrition, as well asegetables including pulses: field bearic{a fabal.),
for economic reasons, many raw materials and produgiea PisumL.), bean Phaseolud..) and cereals — maize
of plant origin are imported. They are widely used byZea L.); fruit vegetables: tomatd.ycopersiconMill.),
both city and countryside inhabitants. Vegetables, fruigggplant $olanum melongend.), paprika Capsicum
berries, seeds and grains are imported. Sellers accordiny gourd: gourd Cucurbita L.), watermelon Citrullus
to their biological properties, geographical zones dbchrad. ex Eckl. et Zeyh.), yellow melo@ucumis melo
cultivation, ripening time and degree of ripeness, classity.), vegetable marrow Qucurbita pepo convar.
these products. The imported vegetative vegetables a@ieomontiina Greb.), pattypan Gucurbita pepoconvar.
subdivided into tuberous: potat®&dlanumL.), sweet patissoninaGreb.), and cucumbe€(cumisL.).
potato (pomeal.), sunroot Helianthus tuberosud..); The imported fruit can be grouped into pomes: apples
rootstock: carrot Paucus L.), parsnip Pastinacal.), (Malus Mill.), pears @yrus L.), flowering quince
celery @pium L.), parsley PetroselinumHill), turnip (Chaenomeled.indl.), whitebeam $orbusL.); drupes:
(Brassica rapal. ssp.rapa), radish RaphanusL.), apricots ArmeniacaScop.), peachRersicaMill.), plums
garden radishRaphanus sativug.), garden beetBeta (PrunusL.), cherries CerasusMill.), cornel (CornusL.);
vulgaris subsp.), onion Allium L.), common garlic berries: grape\{itis L.), hagroseRosaL.), currant Ribes
(Allium sativumL.); spices: dill AnethumL.), lovage L.), cranberry ©OxycoccusHill), cowberry {/accinium
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vitis-idaea L.), black whortleberry \(accinium myrtillus synthesize mycotoxins harmful to human health [7, 9, 13,
L.) and compound berries: blackberRupus idaeus.), 14, 20, 21, 26, 27, 30, 35, 37, 38, 40, 43]. The majority
cloudberry Rubus chamaemoru4.), and European are micromycetes belonging to the genéspergillus
dewberry Rubus caesius.). Penicillium, PaecilomycesAlternaria. Toxin producing

A variety of nuts and drupes are brought: hazehicromycetes of the above-mentioned genera were
(Corylus L.), walnut (Quglans regia L.), buckeye detected by Armenian scientists [45] in various herbal
(Aesculud..), cedar CedrusTrew), almondsAmygdalus preparations, pills, capsules, granules, solutions, oint-
L.), and pistachios Ristacia L.). Fruit of tropic and ments and herbal tea mixtures.
subtropical regions comprise a large part of the imported On the processed products of plant origin and in
foodstuffs: orange Citrus sinensis (L.) Osbeck), premises where they are processed, micromycetes of
mandarin Citrus reticulata Blanco), grapefruit Citrus  Aspergillus flavusgroup, ascribed té\spergillus oryzae
paradisi Macfad.), lemon Citrus L.), bananaNlusal.), species, are frequent and, according to [44], these fungi
pineapple Ananas Mill.), mango (Mangifera L.), fig are closely related to the aflatoxigenic speéispergillus
(Ficus carica L.), date Phoenix dactyliferal.), and flavusandA. parasiticus Although these food fungi have
persimmon DiospyrosL.). never been shown to produce aflatoxin, they contain

The variety of the imported foodstuffs of plant originhomologues of several aflatoxin biosynthesis pathway
and conditions of their growth, harvesting, processingenes. Deletions and other genetic defects have led to the
packing, transportation, and finally marketing predetesilencing of the aflatoxin pathway ikspergillus oryzae
mine the micromycete quantity and species diversitfhis information is very important as under the impact of
functioning on them. Some authors [6, 11] distinguishertain environmental factors, micromycetes widely
micromycetes, which damage the products of plant origspread in grain and other food processing premises where
and cause the so-called “market diseasBstrytis cine- production technologies are related with alterations in
rea, Rhizopus stoloniferColletotrichum lindemuthianum temperature or other physical factors; conditions
C. coccodesAlternaria alternata Penicillium digitatum  favourable for aflatoxin production may form, especially
P. expansum P. italicum Sclerotinia sclerotiorum when in communities where closely related fungal species
Monilinia fructigeng Mucor piriformis M. racemosusas able to synthesize these toxins occur. Crossbreed
well as some other micromycete species of Big- processes are possible [1, 12, 15, 41].
tophtora Bremia Venturig Fusarium Diplodia, Pho- The aim of the research was to determine micromycetes
mopsis Trichotecium Cladosporiumgenera are ascribed on the imported and widely marketed vegetables, fruit,
to the causing agents. Very often in damaged productsladrries, seeds, grains and other foodstuffs of plant origin;
plant origin communities of different micromycete speto identify their impact upon the quality of food products
cies and other microorganisms function [14, 37, 43]. and potential risk to the health of consumers.

Vegetables, fruit, sometimes even seeds damaged by
micromycetes turn into a watery mass. On the skin of MATERIALS AND METHODS
fresh fruit brownish or grey spots appear; mycelium of a
fungus penetrates into deeper tissues. Some micromycetekwestigated premises.During the period of 2002—
cause dry rots. Then the part of a vegetable or frl#004 samples of the imported vegetables, fruit, berries,
damaged by fungi gradually dries, becomes corkgeeds, grains and their products were taken in two
resembling wrinkled skin. The fruit value is reduced andholesale centres where many trading companies supply
causes considerable economic losses. This is one of thgorted goods. Part of the imported goods were packed
negative points of the micromycete action. The othen places of their growth or in storehouses of the countries
point is that of their hazard, i.e., as the products damagefitheir origin and, therefore, the origin of their fungal
by micromycetes are marketed, micromycetes are freeitdection is ascribable to the ecological niche of that
spread and cause real risk to human health. If vegetablesyironment. Another part of their production was during
fruit or berries are damaged by micromycetes producirigansportation when they were in contact with the ambient
and excreting toxic secondary metabolites, these produeis, transportation vehicle and got into new storehouses
can be the cause of chronic mycotoxicoses of people anidh particular mycological conditions. The imported
animals. According to some researchers [7, 10, 19, 25, 28pducts were stored, distributed, transported and
32], the following micromycetes, frequently occurring ormarketed in new environment. During these processes the
vegetables and fruit, should be particularly mentionegbossibilities for the products to become contaminated
Penicillium expansumP. crustosum P. italicum P. with micromycetes present in the premises occurred. As
variabile, Fusarium sporotrichiodes F. poae F. inlarge wholesale centres there is an intense movement of
moniliforme Aspergillus fumigatysA. niger, Alternaria  people and vehicles, micromycete propagules can easily
alternatg andBipolaris sorokiniana get on the products from the outdoor air and environment.

Many products of plant origin are brought dried oiThe surface of the majority of dried fruits and vegetables
processed. They are on sale in various shops, markesticky. This helps micromycete propagules attach to the
places. Some researchers state that the majority @afrface of products and start their functioning. In both
micromycetes detected on these products are able wbolesale centres the imported raw material of plant
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origin and products (vegetables, fruits, berries, seedsanufacturers instructions. The VERATOX®, Alotox
processed and unprocessed grain) were on sale. (total), VERATOX®DOH5/5, VERATOX®-Ochratoxin
A, Aflatoxin, T-2 toxin, zearalenone and RIDACHREEN®
Isolation of micromycetes. In the above-mentioned Ochratoxin A test kits (R-Biopharm AG, Germany) were
premises, 223 samples of vegetables, fruits, berries amged for the analysis.
other foodstuff of plant origin were taken. They were
analyzed according to the methods described by [17, 23,Statistical analysis. The obtained results were pro-
24, 25, 29, 30, 36]. When visual observation allowed theessed using Microsoft Excel 2000, Statistica 5.1 and
presumption of the contamination by one infection ager®rimer 5 programs.
the plating method was employed; in case of possible
mixed infections the method of diluting was applied. In RESULTS
the first case, a piece of infected product, cut of with
sterile scalpel, was placed onto a Petri dish containingThe research was carried out in large supermarkets
malt extract agar medium with chloramphenicol (5@vhere already sorted products of higher quality, less
mg/l). In the second case, 1 g of product was taken addmaged or contaminated with microorganism propagules
placed in 10 ml of sterile water, shaken for 15 min andare brought. In properly equipped and well maintained
series of dilution series were carried out. 1 ml ofvholesale premises the conditions for micromycete
suspension was drawn into 9 cm diam. Petri dish amttvelopment are not favourable: low relative humidity,
poured over with 15 ml (48°C) of the same malt extratémperature not exceeding 20°C, and a sufficient
agar medium enriched with antibiotic. The dishes weneentilation system. In these premises, intense movement
kept for 4 days in a thermostat at a temperature of 28, people and vehicles, packaging, unloading and loading
and for the next 4 days at a temperature of 20°C; tiekes place. As a result, the air in these premises abounds
regime of light and dark was changed every 12 houns dust and micromycete propagules. It was noticed that in
Pure micromycete cultures were isolated, cultivated isuch conditions micromycetes of théspergillus
standard Czapek agar, standard malt, and corn extr&®snicillium Mucor, Rhizomucor Rhizopusgenera can
media at a temperature of 28°C for 5-7 days argpread quicker than other fungi, are able to contaminate
identified according to the manuals [8, 12, 16, 17, 22, 28nd damage a wide range of products of plant origin, and
31, 35]. Detection frequency (%) of each identifiedemain viable under rather extreme environmental
species was calculated. conditions: humidity shortage, low air temperature, the
influence of ultraviolet radiation, and other physical
Evaluation of the micromycete toxicity. Ability of factors. Analysis of micromycete species detected on
micromycetes to synthesize and excrete seconddnodstuffs stored in various premises and determination of
metabolite (mycotoxins) was tested applying describetie ratio between the number of the detected micromycete
methods by [12, 39]. Micromycetes were cultivated ospecies and the amount of the tested products (p) revealed
standard Czapek, Czapek yeast extract agar (CYA) atidht in specialized vegetable storehouses, where various
yeast extract-sucrose agar (YES) media for 7-14 days ategjetables are not just preserved but also sorted, packed,
temperature of 28°C. Significant changes in the colour ahd loaded into containers, this ratio is significantly
the fungal colony and abundant excretion of pigment in{@<0.05) higher than the average. This ratio is even higher
CYA and YES media, comparing with the growth inin non-specialized vegetable storehouses. T-test showed
Czapek media, in the authors opinion, allow théhe number of micromycete species per sample. In this
supposition that the investigated strain can be a potenti@se, the average, is the number obtained after dividing
producer of mycotoxins. The authors indicate that thhe number of micromycete species detected in all
above-mentioned media particularly induce the synthesisvestigated premises by the number of samples. In
of mycotoxins by micromycetes of thAspergillus specialized and non-specialized vegetable and fruit
Penicillium, FusariumandAlternaria genera storehouses a higher relative number of micromycete
Primary selection of micromycetes according to theigpecies per one type of product was determined
ability to synthesize toxic metabolites was performedomparing with premises for short-termed storing,
employing the method of thin layer chromatography (ISGorting, and wholesale marketing. However, in
8178-2:1999). The following systems of solvents werspecialized storehouses for onions and apples and in
used in the research: chloroform-metanol (98:2)vholesale premises the average number of micromycete
chloroform-metanol (8,5:1,5), chloroform-metanol (95:5)species per sample was significantly lower (p<0.05) than
toluol-etilacetat-formic acid (5:4:1), benzol-acetic acidhe average number of micromycete species per one
(9:1), toluol-acetone-metanol (5:3:2). Micromycetes wersample in all investigated premises. In premises where
cultivated for 20 days in agar CYA and YES media. products are not just stored but also sorted and sold the
Determination of toxins in samples of vegetablegjiversity of micromycete species was evidently higher.
fruits, berries, seeds, grain and their products wdashis diversity is constantly enriched with micromycetes
performed by the ELISA method [3, 36, 39]. Extraction obrought together with the imported vegetables, fruits,
mycotoxins and tests were performed according foerries, seeds, grain. Under such conditions, the most
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Figure 1. Number of micromycete species isolated from the imported fruit.

frequent were fungi oPenicillium granulatum(detection cladosporioidey and dill €. cucumerinum imported
frequency 14.3-20.0%p. italicum (9.5%),P. chrysoge- from Spain.

num P. digitatum(7.9% each) species. In a shop where According to statistical analysis by the LSD test,
potatoes and various vegetables are sf@ldbemonium genera and species of micromycetes significantly
strictumy  Verticillium alboatrum (detection frequency dominating on products of plant origin in the investigated
15% each) andCladosporium cladosporioidesC. premises are presented in Tables 1 and 2.
cucumerinun(10% each) were frequent. Micromycetes of The majority of micromycetes recorded in the
the last-mentioned species were recorded on potaibes ivestigated premises were ascribed to Benicillium

Table 1. Dominant micromycete genera (according to the LSD test): statistically significant differences are bold-typed

Micromycete genus Genera Significance of differences in detection frequency of micromycete genera (p)
distribution, % Penicillium Aspergillus Fusarium Mucor Rhizopus

Penicillium 45.4

Aspergillus 10.8 0.000

Fusarium 3.6 0.000 0.042

Mucor 35 0.000 0.040 0.984

Rhizopus 3.2 0.000 0.033 0.922 0.937

Acremonium 3.0 0.000 0.027 0.860 0.875 0.937

Cladosporium 2.4 0.000 0.018 0.739 0.754 0.814

Sclerotinia 2.2 0.000 0.016 0.695 0.710 0.769

Table 2. Dominant micromycete species (according to the LSD test): statistically significant differences are bold-typed

Micromycete species Detection Significance of differences in detection frequency of micromycete species (p)

frequeng,/y, Penicillium Aspergillus Penicillium Penicillium Penicillium

0 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 54 0.0057 0.0084 0.2203 0.8464 0.9485
Sclerotinia sclerotiorum 5.1 0.0038 0.0057 0.1756 0.7469 0.8464
Penicillium chrysogenum 4.9 0.0031 0.0047 0.1560 0.6985 0.7962
Penicillium biforme 45 0.0020 0.0031 0.1218 0.6056 0.6985
Rhizopus oryzae 4.2 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 3.2 0.0004 0.0007 0.0458 0.3331 0.4015

Acremonium strictum 3.1 0.0003 0.0005 0.0393 0.3019 0.3663
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Tree Dig_gram erSVariabIes premises (Tab 2)
ingle Linkage . . .

Euclidean distances In many premises, micromycetes of the following spe-
cies were detectedAcremonium strictum Aspergillus
niger, Botrytis cinerea Fusarium  moniliforme
75 ' ' ' Geotrichum candidum Penicillium biforme P. chry-
sogenum P. claviforme P. digitatum P. expansumP.
funiculosum P. granulatum P. italicum P. palitans P.
paxilli, P. spinulosumRhizopus oryzadR. stolonifer and
Sclerotinia sclerotiorum These micromycetes are the
least substrate-specific; they are widespread cosmopolitan
micromycetes.

6.0 ' e : Many micromycete species were isolated from the
’_‘_‘ imported fresh and dried fruits. On all imported fruit
micromycetes of certain species were recorded. Data on
Fresh fruits ~ Vegetables  Dried fruits ~ Various  Nuts the abundance and species diversity of micromycetes on
particular fruits are presented in Fig. 1.
" Data about dominant micromycetes on the imported
(45.4%), Aspergillus (10.8%), Fusarium (3.6%), Mucor  and marketed fresh and dried fruits are presented in Table
(3.5%), Rhizopus(3.2%), Acremonium(3.0%), Clado- 3.
sporium (2.4%), andSclerotinia (2.2%) genera. Less The cluster analysis (Fig. 2) shows the differences
frequent were fungi of thélternaria, Botrytis Phoma between the composition of micromycete species isolated
Rhizoctonia Verticillium genera; agents of plant diseasefrom nuts and fresh fruit. Nevertheless, species diversity
able to develop on both living and dead parts of plants avé prevailing micromycetes in the fresh fruits and
ascribed to these genera. vegetables was similar.

The diversity of micromycete species in the investi- On fresh fruit, Penicillium expansum Sclerotinia
gated premises depended upon the variety of the analyzsterotiorum Alternaria alternata Penicillium italicum
food products, environmental conditions and protectivas well as abundant, usually white, sometimes yellowish,
measures applied. It was determined that certaieddish or dark-coloredMycelia sterilia dominated; a
micromycetes are frequent in particular premises woating formed oMycelia steriliaalso prevailed on dried
typical of a particular kind of foodstuffs, still others arefruit. Penicillium expansumAspergillus niger Rhizopus
not substrate-specific and can be detected in a variety@¥zae Penicillium italicum dominated on dried fruit.

8.0

7.0

6.5

Linkage Distance

55

Figure 2. Micromycetes species diversity on the products of plant origin

Table 3. Micromycetes dominating on the imported fruits, A — fresh fruits, B — dried fruits, detection frequency, %.

Micromycete species Isolated A% B %
Alternaria alternata(Fr.) Keissl. Apricots, apples, pears 40 0
Alternaria pluriseptata(P. Karst et Kar.) Jorst. Apples, pears 20 0
Alternaria solaniSorauer Apples, pears 27 _
Aspergillus nigeiTiegh. Mangos, exotic nut and fruit mix, raisins, tropic fruit mix 0 22
Aspergillus oryza¢Ahlb.) Cohn Cherries, strawberries, raisins 0 17
Sclerotinia sclerotiorunfLib.) de Bary Mangos, banana, avocados, oranges, apples, grapes, kiwi fruits, pears, sweet 47 0
cherries
Penicillium brevicompacturierckx Mangos, apples, banana 0 0
Penicillium daleaek.M. Zalessky Oranges, grapes, pears 20 0
Penicillium expansurhink A. Mangos, avocados, oranges, kiwi fruits, grapes, apples, pears B. Mangos, 67 27
pineapples, cherries
Penicillium ialicumWehmer Mangos, mandarins, oranges, apricots, kiwi fruits, apples 40 22
Penicillium verrucosunDierckx Apples, pears 27 0
Rhizopus oryza®/ent ex Prins. Geerl. Exotic nut and fruit mix, papayas, tropic fruit mix, nut and peach mix 33 14
Monilinia fructigena(Fr.) West. Apples, pears 20 0
Sclerotinia sclerotiorunfLib.) de Bary Mangos, banana, avocados, oranges, grapes, kiwi fruits, apples, pears, sweet 47 0
cherries
Mycelia sterilia Banana, mangos, avocados, oranges, apricots, kiwi fruits, grapes, apples, peari0 61

sweet cherriesMangos, exotic nut and fruit mix, papayas, cherries, strawberries,
apricots, apples, carambolas, figs, tropic fruit mix, nut and peach mix
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These micromycetes are considered to be Cosmopo”f&’ﬁ)le 4. Aflatoxins detected in various imported dry fruit on sale,
. .pe . . 51

and their substrate-specificity cannot be determinef99-

Analysis of micromycetes on stone-fruits such as cherriesample Country Importer Aflatoxin B1

sweet cherries, plums, peaches, apricots, nectarines, %trc,

; . d Thailand JSC “Arimeksas” 0.002
revealed Ulocladium chartarum (detection frequency 1ed papaya aran fimexsas
27.3%), Penicillium italicum (22.7%), Aspergillus niger Driedbanana  Vietnam JSQitkejy gildija” 0.00275
(18.2%), Alternaria alternata (13.6%) being mMost Bananachips  Philippines JSC “Arimeksas” 0

frequent. However, their detection frequency often
depended upon the country of origin of the sweet cherriedadosporioidesand Penicillium italicum species. On

as well as the place and type of marketing. In swepetaches imported from SpaiBotrytis cinereaRhizopus
cherries imported from Hungarylocladium chartarum stolonife;;, Penicillium granulatum and P. italicum
Verticillium trifidum (detection frequency 66.7%) prevai-(<50%) prevailed. Peaches brought from Greece were
led; Aspergillus nigerPenicillium italicummicromycetes contaminated with Aspergillus candidys Eurotium
were more rare. In sweet cherries imported from Polandiveoglaucumand sometimes also withscochyta pruni
Geotrichum candidun66.7%) prevailedAbsidia cylin- andAureobasidium prunicola.

droposrg while Penicilium granulatum were less It should be noted that the majority of micromycetes
frequent. Sweet cherries of unknown origin sold in theecorded of fruits are able to synthesize and excrete toxic
market place were mostly contaminated witdpergillus secondary metabolites, which can remain during fruit
niger, Geotrichum fermentansnd Sclerotinia sclerotio- drying when under the impact of high temperature the
rum producer itself perishes.

Plums imported from Hungary were damaged by In bananas imported from Ecuadorfusarium
Acremonium roseolupAlternaria alternata Ulocladium  moniliforme F. sporotrichioides (detection frequency
chartarum Penicillium expansum(detection frequency <50%), Nectria haematococgaAcremonium charticola
<50%); Aureobasidium prunicolaPleospora infectoria (<30%) were recorded. Some of the mentioned fungi are
were less frequent. characterized by the synthesis of toxic substances. For

Only Paecilomyces javanicusiicromycetes were iso- example, Fusarium sporotrichioides micromycetes
lated from apricots imported from Spain. More severelgxcrete trichotecenes (deoxynivalenol, fusarin C, HT-2
damaged were apricots imported from Frar@adospo- toxin, T-2 toxin, zearalenon). These micromycetes can
rium tenuissimundeveloped on them forming dark de-develop at low temperature, which is usually maintained
lineated spots on fruit skin whildlocladium chartarum in storehousesr-usarium moniliformeungi can produce
covered the fruit with a dark coating. Inner tissues ofarious secondary metabolites; they are tolerant to an
apricots were damaged IBenicillium corylophilumand increased amount of NaCl in the medium, able to develop
P. damascenumApricots brought from Hungary were under condition of oxygen shortage, or even under
contaminated with micromycetes ofCladosporium anaerobic conditions. From bananas stored in low

Table 5.Mycotoxins in the imported beans with seasoning, mb/kg

Sample Importer Aflatoxins Deoxy-nivalenol T-2 toxin Zearalenon Ochratoxins
Roasted salted beans JSC “Osterna ir Ko” - 0.08 0.1452 0 0.002
Roasted beans with hot seasoning JSC“Osterna ir Ko” - 0.03 0.0835 0.0118 0.003

Table 7.Mycotoxins in imported sunflower seeds, pumpkin seeds, poppy seeds and other products, mg/kg

Sample Country Importer Aflatoxins Deoxynivalenol T-2 toxin Zearalenon Ochratoxins
Poppy seeds Turkey JSC “Arimeksas” - 0 0.0393 0.0112 0.0018
Shelled pumpkin seeds China JSC “Arimeksas” - 0.04 - 0.0112 -
Sesame India JSC “Arimeksas” 0.0002 - - - -
Pumpkin seeds Ukraine El¢in Ariz - 0.04 - - -
Roasted corn seeds Holland JSC “Arimeksas” 0.0008 0.09 0.331 0.0116 -
Sunflower seeds in shell Hungary JSC “Arimeksas” 0 - - 0.012 0.0026
Desiccated coconut medium  Philippines  JSC “Arimeksas” 0 0 - - -
Shelled sunflower seeds China JSC “Arimeksas” 0.0003 - - 0.028 0.0033
Exotic nut and fruit mix Iran 0 - - - 0.0068
Nut and raisin mix Various JSC “Arimeksas” 0.0016 - - - -

countries
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temperature, no aflatoxin producing micromycetes wereable 6.Patulin in the imported dry fruit, mg/kg
isolated; however, analysis of dried bananas importg"{!mpIe

. . Countr Importer Patulin
from Vietnam revealed traces of aflatoxins (Tab. 4). , — il E ———

Although the determined amounts of aflatoxin &e  Dred fruit mix Various  JSC*Tiekejy gildija 0.012
small (0.00275 mg/ky), if excessively used they canPriedcheries - China  JSC Tickéjy gildija 0.010
slowly accumulate in the organism and graduall{})”ed tropic fruit mix ~ Various JSC “Tiekéjy gildija” 0.010
influence functional abilities of cells. Raisins Chile JSC "Arimeksas” 0.012

We had no possibilities to determine the degree &Fied mangos Thailand ~ JSC “Tiekéju gildija”  0.010
contamination of fresh beanBHaseolud..) because only Dried strawberries China JSC “Tiekéjy gildija” 0.008

processed beans were brought from Chile. From samples
of salted beans taken in wholesale centres, 13Micromycetes of théenicillium genus are considered
micromycete species were isolated. Micromycetes of tl&s the main producers of patulin [2, 3, 4, 5, 18, 33, 42].
Penicillium genus ascribed tB. nigricans P. expansum Micromycetes producing toxic secondary metabolites
P. brevicompactumP. citrinoviride, P. commung P. were detected on the imported sunflower seeds, pumpkin
stoloniferum P. paxilli species dominatedFusarium seeds, poppy seeds and various mixes. The results
nivale F. moniliforme Cylindrocarpon destructans obtained after analysis of the contamination of these
Trichoderma viride Rhizopus oryzaeMucor murorum products with the known mycotoxins are presented in
fungi were also recorded. Analysis of the contaminatiomable 7.
of these beans with mycotoxins revealed traces ofData presented in Table 7 indicate that traces of
deoxynivalenol, T-2 toxin and ochratoxin (Tab. 5). aflatoxin detected in sesame seeds imported from India,

Micromycetes of 8 species were isolated from roastedasted maize seeds imported from Holland, shelled
beans with lemon seasoning of unknown compositiosunflower seeds imported from China, and in mixes of
which were brought from Chile. Among them, nonuts and raisins imported from various countries.
producers of toxins of the trichotecenes group were On sesame seeds imported from Indkespergillus
recorded. However, sterile white mycelium, which couldryzae (very close toA. flavus and A. parasiticuy
have been formed by some Fusarium species, comprisedcaninated; Aspergillus niger Mucor hiemalis
large part (<60%) of the isolated micromycetes. In thedghizomucor pusillusPenicillium sp. andViycelia sterilia
beans, 0.03 mg/kgof deoxynivalenol, 0.0835 mg/kgpf  were also recorded. In roasted corn seeds imported from
T-2 toxin, 0.0118 mg/k§ of zearalenon and 0.003 Holland no producers of aflatoxins were recorded; only
mg/kg® of ochratoxin were determined. Aspergillus niger Rhizopus oryzaenicromycetes and

Such products should not be consumed. From the bedycelia steriliawere isolated. On shelled sunflower seeds
samples the following micromycetes were isolatedorought from China onlyRhizopus oryzadungi and
Rhizopus oryzaeMucor plumbeus Aspergillus niger Mycelia steriliawere recorded. From the mixes of nuts
Aspergillus  ochraceys Penicillium digitatum P. and raisins Rhizopus oryzae Aspergillus niger
citreoviride, P. expansumandMycelia sterilia Penicillium digitatum Monilinia sp. andMycelia sterilia

As the imported dried fruits were contaminated withwere isolated. Therefore, no aflatoxin producers were
the patulin producers such &enicillium expansumP. recorded in the products, but the traces of mycotoxins
claviforme P. melinii P. cyclopium Aspergillus flavus were present. There could be a few explanations: either
andA. terreus we have determined not just the degree dfflatoxin producers perish due to changing environmental
contamination with micromycetes, but also the amoumonditions or under certain conditions aflatoxins can be
(mg/kg?) of patulin in them (Tab. 6). produced by micromycetes of other species. This can also

Table 8.Dominant micromycetes species on the imported nuts

Micromycete species Detection frequency, % Product

Aspergillus nigeTiegh. 62 Pistachios, almonds, glazed hazel nuts, in-shell hazel nuts, in-shell walnuts,
almonds in shell, peanuts with seasoning, cedar nuts in shell

Geotrichum candidurhink ex Pers. 23 In-shell hazel nuts, in-shell almonds, roasted and salted peanuts

Mucor hiemaliswehmer 23 Almonds, in-shell cedar nuts, peanuts in flour and starch

Penicillium digitatumSacc. 31 Pistachios, glazed hazel nuts, in-shell hazel nuts, in-shell almonds

Rhizopus oryza#/ent ex Prins. Geerl. 46 Almonds, glazed hazel nuts, in-shell hazel nuts, Brazil nuts, peanuts with

seasoning, peanuts in flour and starch

Rhizopus stolonifefEhrenb. ex Fr.) Vuill. 38 Cashew nuts, peanuts without seed-coating, in-shell walnuts, Brazil nuts, in-
shell cedar nuts

Mycelia sterilia 92 Cashew nuts, pistachios, almonds, glazed hazel nuts, in-shell hazel nuts, in-
shell walnuts, in-shell almonds, Brazil nuts, salted and roasted peanuts,
peanuts with seasoning, in-shell cedar nuts, peanuts in flour and starch
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Table 9. Aflatoxins in various imported nuts (mgKg Aspergillus flavusproducers of aflatoxins, were recorded.

In other nut samples these fungi were not recorded at

Sample Country _ Importer Aflatoxins +ough traces of aflatoxins were found. Together with
Shelled hazel nuts Turkey JSCTi¢keju gildija” 0.0016 already mentioned fungi, other micromycetes were also
In-shell cedar nuts Russia JSC “Faktorius” o.00od€corded: Aspergillus oryzaeon cashew nuts without

seed-coats imported from Chindrichoderma viride

Brazil nuts Bolivia C‘?r::’;as;f' Variakovo  0.0002  penicilium digitatum P. viridicatum on shelled hazel
nuts from Turkey. High species diversity was registered
In-shell hazel nuts  Turkey  JSC “Tiekéjy gildija” 0 on in-shell almonds imported from the USReficillium
Pistachios Iran JSC “Arimeksas” 0 chrysogenumP. expansumP. variablile P. digitatum P.
In-shell almonds USA JSC “Tiekéju gildija” 0.0004 roqyefortii, andP. crustqsumAspergiIlus candidgs The
majority of these micromycetes are indicated as
In-shell walnuts Ukraine  Uel¢in Arizov 0.0105 synthesizing mycotoxins [18].
Peanuts without seed-China JSC “Arimeksas” 0 From nuts on sale in large supermarkets some less
coating frequent micromycete species were isolated. For example,
Cashew nuts India JSC “Arimeksas” o0.0005Aspergillus restrictusmicromycetes were frequent in
Almonds USA ISC “Arimeksas” 0 supermarkets. It is difficult to determine from where and

_ _ _ ) . with what items they had been brought because they were
Peanuts with onion  China Z. Marciauskas 0 jsolated from pumpkin seeds imported from Hungary,
Seasoning pistachios from Iran, hazel nuts from Georgia, figs from

Turkey, and raisins from Iran.Rhizopus oryzae
be said about deoxynivalenol, which was found imicromycetes developed on nuts, seeds and dried fruit;
pumpkin seeds and roasted corn seeds. This mycotoxirthgir detection frequency reached 13.4%. Sometimes, in-
produced and excreted into the substratum bshell hazel nuts and peanuts sold in supermarkets were
micromycetes of thé~usarium genus, which were not contaminated withTrichotecium roseunmicromycetes.
recorded on the studied foodstuffs. In poppy seeds aNdits imported from Iran were contaminated with
roasted corn seeds imported from Holland, T-2 toxin waShaetomium aureurwhich is rare in Lithuania. In-shell
recorded: 0.0393 mg/Kgand 0.331 mg/K§ respectively. hazel nuts, imported from Poland, were severely
Kormann (1990) states that this toxin is being synthesizedntaminated, mainly wittPenicillium fungi, still other
and excreted into the medium Bysarium culmorumF.  micromycetes were also intensively developing on them:
incormatum F. poaeg F. solanj F. sporotrichioides F.  Trichotecium roseum (detection frequency 80%),
tricinctum, Trichoderma viride However, these Aspergillus niger (60%), other fungi Hirsutella
micromycetes were not detected in either poppy seedssaussurei Stachylidium veticillatumnwere less frequent.
in roasted corn seeds. Micromycetes of varibusarium On hazel nuts imported from TurkeyMucor
species are considered as the main producers aifcinellloides Aspergillus nigemwere frequent, while on
zearalenonF. avenaceumF. culmorum F. equisetij F.  those brought from Georgia Aspergillus restrictus
lateritium, F. monilifomre F. nivale F. oxysporumF. Gliocladium catenulatumand Sporotrichum pruinosum
graminearum F. sambucinnum F. tricinctum can Arthroderma tuberculatummicromycetes were isolated
synthesize and excrete this mycotoxin. In the testdrbm in-shell walnuts imported from Poland, although
products these fungi were not recorded. In the testéére, fungi of thePenicillium genus dominated. Someti-
foodstuffs the producers of ochratoxins were mormes,Acremonium pincertoniagingi, which are characte-
abundant; in poppy seeds and in-shell sunflower seedsed by pathogenic properties, were recorded on in-shell
micromycetes ofPenicillium viridicatum group and in hazel nuts and isolated from watermelons imported from
mixes of exotic nuts and fruitBenicillium verrucosum Russia and were sorted in the same premises.
andP. digitatumwere recorded. On coconuts imported from the Ivory Coast,

Nuts are abundantly imported and marketed: pistachio&sspergillus candidum A. itaconicus A. niger P.
almonds, hazelnuts, walnuts, peanuts, cedar, cashew, gnahulatum P. tardum and Rhizoctonia solaniwere
Brazil nuts. They are often contaminated withrecorded. Their origin is most probably diversa.
micromycetes of various species. The analysis revealigdconicus and P. granatensecould be brought from
that on imported nuts, micromycete species presentedtiopical regions because they had not been isolated earlier
Table 8 could be considered as dominant. under local conditionsRhizoctonia solanmost probably

There are no producers of aflatoxins among micromyeund their way on coconuts from potatoes stored nearby.
cete species prevailing on nuts [34]. However, tests of Micromycetes of 65 species ascribed to 23 genera were
their contamination revealed traces of aflatoxins oisolated from the imported dry products of plant origin.
shelled hazelnuts, in-shell cedar nuts, Brazil nuts, in-shéllicromycetes of thePenicillium (40%) andAspergillus
walnuts and cashew nuts (Tab. 9). (29%) genera prevailed. Specific, imported food products,

On in-shell cedar nuts brought from Russia, in-sheflnctioning as substrata, condition high species diversity.
almonds from the USA, in-shell walnuts from UkraineSpecies of theRhizopusgenus constituted 7% of all
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isolated micromycete species, those Gfiocladium nuts, in-shell almonds, in-shell walnuts, cashew nuts,

Trichotecium- 3% eachMucor - 2%. The majority of the dried papaya and bananas. Deoxynivalenol, T-2 toxin and
identified micromycetes are known as producers of toxiechratoxin were determined in roasted and salted beans
secondary metabolites. Therefore, their presence on thad in beans with seasoning.

food products decreases the quality of food and causes Mycotoxins are also detected in the imported and

real risk to the health of consumers. marketed sunflower seeds, pumpkin seeds, poppy seeds
and other products. In poppy seeds, the amounts of T-2
DISCUSSION AND CONCLUSIONS toxin, zearalenon and ochratoxins were 0.00393 rifg/kg

0.0112 mg/kd, 0.0018 mg/kd, respectively. In shelled

Recently, food for human consumption has beepumpkin seeds, 0.04 mg/kgof deoxynivalenol and
profusely supplemented by vegetables and fruits import€d0112 mg/kg of zearalenon; in sesame seeds, 0.0002
from various regions. This allows people to consumeg/kg® of aflatoxins; in pumpkin seeds, 0.04 mgkof
more valuable and variable food and, therefore, bettdeoxynivalenol; in roasted corn seeds, 0.0003 mgtg
satisfy nutrition needs. However, investigations of theflatoxins, 0.028 mg/kgof zearalenon, 0.0039 mg/kgf
mycological state of the imported foodstuffs revealed th@chratoxins; in exotic nut and fruit mix, 0.0068 mgtkef
the marketed vegetables, fresh, dried and frozen fruit aeehratoxins; in nut and raisin mix, 0,0016 mg/kgf
contaminated with propagules of various micromycetesflatoxins were determined. Patulin was detected in some
Sometimes, micromycetes develop directly on the surfageied fruits: dried fruit mix (0.012 mg/ky, dried cherries
of vegetables and fruit or in their inner tissues. Thé).010 mg/kd), dried tropic fruit mix (0.010 mg/ky,
research demonstrated that the imported fruit marketedriisins (0.012 mg/Ky, dried mangos (0.010 mg/kyand
Lithuania were unequally contaminated with micromycetdried strawberries (0.008 mg/ky
propagules. More severely contaminated were water-The obtained results allow the conclusion that
melons (Spain), potatoes (ltaly), kiwi fruits (India), appleyegetables and fruit can become a good substrate for
(Poland, Holland), and pears (China, Poland). The vagtycotoxin producing micromycetes. The micromycetes
majority of micromycetes isolated from dried fruits werelevelop on everyday products and can become the cause
ascribed to théenicillium Link (44%), AspergillusLink  of slow toxicoses, which are characterized by a diversity
and Mucor Mich. ex St-Am. (19% each) genera.of symptoms and difficult to diagnose. Therefore,
Micromycetes of thé®enicillium AspergillusandMucor contamination of food products with micromycetes of the
genera also prevailed on the imported nuts and comprige@nicillium, Aspergillus Fusarium Alternaria, Paecilo-

44%, 16% and 16%, respectively, of all the isolated funginyces Trichotecium genera should receive particular
A rather high number of micromycete species wagttention. It should be noted that a strain growing on a
recorded on seasoned and unseasoned roasted be¢witicular type of vegetable or fruit could synthesize and
(Chile), in-shell sunflower seeds (Hungary), sesame seegkgrete different toxic secondary metabolites.

(India), and poppy seeds (Turkey).

On the imported vegetableBenicillium expansumP. _ _ _ _
brevicompactum Rhizopus oligosporusprevailed. On StT(;‘,'S StUde Wgst,SUpp‘()”eO:,bthhe '—'tht{atr"*'itf‘ Statlﬁ Sgeonscgognd
fruit, Alternaria alternata (40%), A. solani (27%), A. udies Foundation (application registration - ;
pluriseptata(20 %) dominated. A rather large portion of ‘9"ement N C-04/2003, renewed Agreement N C-04/2004).
fungi isolated from fruit is constituted dPenicillium
fungi (Penicillium expansunf67 %), P. italicum (40%),
P. verrucossum(27%), which are probably able to 1. Adebajo LO, Popoola 0J: Mycoflora and mycotoxins in kola nuts
produce toxins. White, reddish and bladkcelia sterilia  during storageAfr J Biotechno003,2(10), 365-368.

is abundant on fruit: it sometimes comprises up to 87% of 2. Beretta B, Gaiaschi A, Galli CL, Restani P: Patulin in apple-based
' foods: occurrence and safety evaluatiBnod Additives Contaminants

the isolates. _ _ _ _ 2000,17, 399-406.

On the imported dried fruitdspergillus niger(22%), 3. Chu FS: Recent Studies on immunoassays for mycotoxins. In:
A. oryzae (17%), Rhizopus oryzag(22%) and some Beier RC, Stonker LH (Eds)mmunoassays for resides analysis: Food
species of thePenicilium genus P. expasnsumP. safety 294-313. American Chemical Society, Washington 1996.

. . . . 4. Ciegler A, Vesonder RF, Jackson LK: Production and biological
brevicompactuin prevailed. On various imported nutS’activity of patulin and citrinin fronfPenicillium expansunAppl Environ

Aspergillus niger (62%), Rhizopus oryzag45%), R.  Mmicrobiol 1977,33, 1004-1006.
stolonifer (38%), Mucor hiemalis(23%) andGeotrichum 5. De Sylos CM, Rodriguez-Amaya DB: Incidence of patulin in fruits
candidum(25%) prevailed; Mycelia sterilia forms up toand fruit juices marketed in Campinas, BrazRood Additives

N . . . Cqntaminantd999,16, 71-74.
32% here. The already mentioned micromycetes preva|I886_ Djakow JT, Ozereckovskaja OL, Dzavahija VG, Bagirova SF:

on the imported nuts, sunflower seeds, pumpkin Seedﬁ)sc“aja i molekularnaja fitopatologija. Obsestvo fitopatologov,
poppy seeds, etc. Moskva 2001.
In some imported and marketed fruit and vegetables 7. Dogbevi MK, Vachon C, Lacroix M: Physiochemical Properties of
. . . fy Red Kidney Bean proteins and Natural Microflora as Affected by
traces of toxins of aflatoxin group, produced by fungi Ogammalrradiationl Food Science999,64(3), 540-542.
the Aspergillusgenus, were registered. These toxins were g pomsch K, Gams W, Anderson Tompendium of Soil Fungi

recorded in shelled hazel nuts, in-shell cedar nuts, Brayiil. 1. London 1980.
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