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THE ECOLOQY OF FUNGI -- PRODUCERS OF MYCOTOXINS
! ]
L.L. Osipyan

Erevan State Univerasity

Fungi are omnipresent organisms. There is no quia where
they are not prement. Pungi have broad adaptive properties and
therefore occupy moat varied scologica)l niches which are moat
frequently iraccessible for other microorganiams, )

They are pre;ent in the environment in the form of diasporen,
i,e. germa. The function of the 1a£ter can be performed by spe-
cial spores, bits of a vegetative body -- mycelium or pieces of
the frult body which are tells specialiced for multiplication.
Fungi can be isolated from air, soil, water, plants, from
different industrial materials and commodities, from any ohbjects
in nature or in a premise. In one case fungl find conditions
and develop on these substrates, In other cases they make use
of the substrate as a support and develop only after being
carried by the air, by water or animals to objects which are
favourable for their life.

By their mode of existénce fungi are either parasitic or
saprotrophic. The former feed on live organisms. The latter feed
on dead organic materisl., There are also transitional forms.
Both of them may be obligatory and in this ease cannot develcp
in one or another type of nutrition or they may be facultative,
capable, under definite favourable conditions, to pass also to
another type of nutrition,

Parasites, usually are more or less narrowly specialized.

As for saprotrophs, they are characteristic of a relatively broad
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specialization, The saprotrophs include a good number of poly-

phages which developed on moat differing substrates and cosmo-
polites which occur in all or many continenta. Some polyphages

are concurrently cosmopolited (Aspergilius niger, A. flavus,

A. fumigatus, Alternaria tenuis and others}).

Parasitic fungi are rathe; poorly atudied as regards their
toxicogenicity. Thia 1s asesociated with the fact that'paraaitea.
specifically qbligatory cnea, can hardly be grown on artifjiclal
medium outside of the organism which feeds the fungus. Meanwhlle,
we are aware that for toxioological analysis we need a definite
. biomass of the fungus. It should be also noted that a number of
parasitic phytotrophi¢c (those which develop on plants) species
of fungl have already shown their phytotoxisity.

All fungl are microscopic organisms. However, a amall part of
them,in the cycle of development,forms macroscopic fruit bodies
which range from several mm to several tens of cm., For instance,
fruit bodies of tinder fungl (Polyporales), hymenoq’cets -Agari-
oales, Such wellknown toxio fungi as the pathogens of argot
form,in the oycle of development,llarge, reaching up to 15-20 om
horn-like eclerocia which contain a number of toxine.

The most wide spread in nature are soprotrophie fungil whioch

comprise B3/4 of all known fungi. The first place among them ia
held by the fungl which cause the molding of the substrate.
They are called mold fungl, while still more correct is to call
them mold-forming fungl. Asexual multiplication predominates
in the majority of them in their-development cycle. Many apecies
vecur but in an asexual gaploid state and therefore they are

alassed with Deuteromycetes (the divieion of the Deuteromycoti-

naj).



4064

-3
Toxicity has been identified for the majority of these

fungl while the reutlma} be viewed as potential producera of
myeotoxins. This conclusion is based on the fact that the toxi-
genic property of fungi is still poorly studied and every new
investigation adds to the list of toxic fungl. Moreover, as it
has been shown by our and other mtudies the toxicogenic property
is variable and depends on a varlety of ecologlcal factors and

their combinations.
Conditions of development of toxigenie fungi

The growth and physiclogical activity of fungi is decisively
influenced by many environmental factors. Particularly important

among them are humidity, temperature and the concentration of

.oxygen and carbonic acid, Evéry species of & funguﬁ is a unique
‘sysben and therefore the response of different species to one

;and the same factors of the environment differs.

As regards the attitude to temperature fungil are subdivided
into: a) paychnqhilic, which grow in the range of 3 to 10°C

(and psychrodplerant -- which grow even with lower temperatures);

b) mesophilic -- which grow in the range of a comparatively
moderate temperature -- 10-38°c; ¢) thermophilie -- growing in
the range of 10-50° and even higher. Thermophilic fungi (T.I.
Bilai. 1979) may be subdivided into: obligatory {(true) thermo-
phils which grow well under 35-55°C and at a maximum temperaturs
reaching 65% but which do not grow at a temperature below 20-25°C;
facultative thermophils are characteristic of an optimum growth

at a teiperature of 40-45°C, maximum 65°C, but they also can

grow at a temperature under 20°C .,

-2
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The minimum, maximum and optimum temperatures differ for
growth, sporulation and physiclogical activity of fungi. For
instance, the pathogen of ™snow molkd" - Fusarium nivale growa
vetter at DOC, while for the growth of another specles of the
same fungus, F. sporotrichiella,the temperature should be 18-24°0.
However, optimum conditions for toxinfoﬁnation are developed
when they are cultivated alternabicb in one or another tempa-
rature regimen. :

Pesych hillie fungi include a number of species belonging to
the gengra of Penicillium and Fuearium. These are the species
and lsolates which are capable of developing on focd products
during their storage in refrigerators. Besides this psychrophiis
include some species of Cladosporium and mucoral fungi. -

The majority of mold-forming fungl belong to mesophilic re-
preaentativesf They include many species, isolates from the
genera of Penigillium, Pusarium, Oospéra, Cladosporium, Tricho-
thecium, Botrytis and mucoral fungi. All Aspergillus geners are
relatively more thermophilie. They include a good number of
thermophiliec fungi, epecifically those which are facultative.

The majority of raod products,during thedr production or
further proceasing.,are subjected to high temperatures and at
that time fungi which contaminate raw materlials and products,
perish, However, some of them retain viability and shortly
afterwards induce the formation of a mold on a product. Those
are thermophilic species, isclates.

Thermophilic fung! occur also in soil, specifically so in
its surface layer, on vegetative substrates, particularly so in

self-heating, like hay, straw, grain. Therefrom being transported
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by air they can reach food products.

Apsrrglllus fumkatu; is the moest typical facultative ther-
mephili. As far back as 1n.1889 Cohr demonstrated that aelf-
warming of mcist grain of barley is cau;ed by the development
of A, fumigdtus in it. The temperature of the grain mass reaches
50-70°C in thé bulk of grain. Subeequently it was found that
a number of other fungi is engaged in the process. The composi-
tion of these fungi varies with temperature. Thus the prevailing
species at a temperature of 25-30° are Penicillium, Rhizopus,
Fusarfum, and at a temperature of 35-407C and higher -~ A. fumi-
gatus, A, candidus aﬁd other species of this genua. According to
Pidop]ichko (1953} the temperature maximum for A, fumigatus is
57°C. The facultative thermophilic fungi which inhabit soil in-
clude also A, niger, A. terreﬁa, A, flavus, A. niveus, A. carneus,
A. nidulans for which the minimum temperature is 11"C, the maxi-
mum 5200 and the optimum is higher than hﬂn,uhereas for Penficil-
lium these indicators are 17, 47, 38-40°C, respectively. A con~
siderable part of true and facultative thermophilic apecies and
isolates are isolated from soils of southern regions.

To isclate thermophilic fungi from food products one has to
cultivate them at higher temperatures, approximately reaching
ho-507c.

In our studies thermophilie fungi were isclated from canned
products including juices, jams, tomatos. A. versicolor and A.
nidulans have been repeatedly 1solated from butter and later on
from the products of its rendering and pot butter. This process,
in keeping with the technology of the production occurs at a

temperature of 80°¢C.

I-3



-
The humidity of products and the relative humidity of air

in the field or in a storage place is decisive for affecting
food products with fungi. In case of increased humidity,
conditions develop for the growth of microcrganisms, fungi
primarily,in products. The critical limit of humidity for the
grain of wheat, rice and bariey is 14.5-15.5%, and it is 3-14
and 12-13% for the grain of maize and millet, respectively; it
is 10-L1 for sunflower seed of low o1l percentage and 6-9% for
sunfiower seed of high o0il percentage, it is 8-9% for flax
(Biiai, 1970).

A combination of high humidity and high temperature facili-
tates the damage of food products by mold forming fungi. Under
these conditions we see the development of Aspergillius, .dark
coloured hyphomycets ~- Alternaria, Stemphylium. The growth of
fungi under the same humidity but lower temperatures is consider-
ably inhibited. The prevailing contaminants in this case are the
species of Penicillium, Fusarium and Mucor.

The specles composition of coniaminants of a product from
one and the same area can vary subject to the season and weather
conditions during harvesting or during industrial processing.
Therefore,prior to placing vegetative food products for storage,
grain specifically that was harvested during humid weather
the grain should bte dried,

Fungi are known as aerobic crganisms. However, among them,
specifically among meld forming fungi are many such which are
capable of growing and sporulation in conditions of low oxygen
content. For instance, this is the case in natural ccnditiens

when a fungus penetrating stoma of plants or through mechanical
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damages develops11n tlssues or in internal cavities of stalks,

tubers, roct crops and frult, Species of
Alternaria frequently damage the pulp ol cranges; species of
Cladosporium and Penicillium are found.in fruits of apples‘in
cavities where seeds are formed. P. resticulosum, which is of
low toxicity,is a typical contaminant of fruits of pomegranates
within which it produces abundant sporulation. When sccculant
raspberry, dewberry and other socculant fruit like seabuckthorn
are kKept in a deeﬁ container (a bucket, a casserole) for two-
three days under room temperature sporulation of Penicillium
species begins in the deep layers, During this process

fruit which are in the surface layers remain without mold for
some time. The development of mold forming fungi is cbserved

in the bulk of such products as butter, cheese etc.

The facts of mold development in preserves also attest to
the ability of fungi-contaminants to develop in relative un-
aerobic media.

' When fungi grow in conditions of oxygen insufficiency there
may be morphological and physiologieal variability. In auch
cases mycelium disintegrates into individual cells and becomes
yeast 1like. Sporulation is either inhibited or, to the con=-
trary, is intensified, Increased content of carbonic aecid sti-
mulates sporulation,

An important ecological factor influencing the choice of

a fungal substrate is pH of the medium. Its level is decisive

" for the growth and the development of a fungus, the activity of

enzymes, the development of pigments, vitamins, antibiotics,

toxins and the crgans of reproduction. The most favourable media

1-4
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tor the majority of fungl is weakly a¢id with a pH of 5.0-6.0.

Some fungl can grow on substrates with a wide range of pH, for

instance, Penicillium varisble (pH = 1.6-11.1), Puearium bulls-

tum (pH = 2.2-11.2). The specles of Penicillium which affect
citrus fruic are capable of growing at very acid pH reaching
3.0 and even less than that (Bekker, 1963). There are fungi
which prefer an alkalil medium, for instence, Aspergillus clava-
tus grows and sporulates at pH = 13.0 (Bilai, 1980).

Fungi are capable of altering the acidity of the medium
during their growth. For instance, developing in a sugary me-
dium Aspergillus niger accumulates citrie acid in it, Penicll-
lium vitale -- gluconic acid.

Pungi react differentiy to oamotic pressure, There are
cemophilic fungi which are capable of growing on media with a
high csmotic pressure. Such fungl grow, for instance, in jams,
¢yrups, sweet dry fruit which contain high concentrations eof
sugar (Torula saccharina, Trichothecium roseum, Catenularia
pidoplichzkoi}. Osmotolerant species do not grow on media with
a high osmotic pressure but do not loge their viability in that
medium.

There are fungl which live in media with a high concentra-
tion of common salt or other salts. These are fungi of salty
soils, salted vegetables {(Aspergillus niger, some specles of

Penicillium, Ocspora lactis).
Habitat of toxigenic fungi

S0il is the main reservation of the majority of microscopie

and macroscopic fungi. Fungi inhabit soil in the form of sporu-
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latien, structures at rest and active mycelium. Their ronle in

soil is considerable and varied.

There are Trom several thousandsto several hundreds of
thousands fungi germs in one gram of scil. However, the number
of toxin forming microscopiec species in scil is much lower.
While in soil, they, most likely, do not represent any immediate
danger for food products and foods. However, it is =moil that
becomes the main source of the spread of toxigenie fungl which
contaminate raw mhterisls, food products, feeds and which in-
dﬁce diseases in man. Practically all species of toxic contami-
nanta of food products are initlally soil fungil.

The content of saprotrophic microscopie fungi of soils de-
pends upon the type of scil and considerably upen vegetaticn and
the crganic residues in soll. 1% undergoes seasonal changes
during which there takes place the change of fungal associatiensa.

Typical soil fungi are the majority of species of Penicll-
lium, Aspergillus, Trichoderma, Fusarium, Cladosporium, Mucor,
Bhigqpqg ete. Many of them are known as toxic fungil.

Species of Penicillium prevail in soils of all ecologo-
geographical regions but they favour soils of temperate or
cold latitudes, The species of Aspergillus favour warm soila of
southern regions.

The mieroflora of cultivated soils and soils with varied
vegetative cover is particularly rich. Soils devoid of vege-
tation contain a meagre and uniform composition of fungi spe-
cies.

For some of the fungi soil performs the function of natural

habitat where they are active -- where they grow, multiply,

1.5
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participate in the transformation of organic substances, Others
reach the suil with vegetative or animal remnants, with water,
with dust particles. They stay in scil o an Inactive state and
continue their development in thne presence of favourable medium
-- in the presence of vegetapive, animal or other organlsms.

The second habitat for fungi’juut as for Lhose which produce
nycovoxins, are plants. Farasitic species prefer vegetating
plants. Theipr mycotoxicvologinal properties, with rare exceplions
are not studied since many parasites, obligatory ones specifical-
ly,are not cultivated in artificial conditions ur the isolation
of their pure cultures is extremely dilricult. The better known

¢ea —- the pathogsn of

among them i1s the fungus Clavig
grain argot. Its sclerotia produce ergot . xin and a aweber of
other toxins.

Plants are an excellent substrate for the epliphytic and
gaprophytic mycoflora. Epiphytie fungi only settle on the sur-
face of plants during vegelation without damaging Lhem. However,
during harvesting and storage of geeds, ‘ruit and other food
and feed parts of plants the sporea of theae fungl can grow and
if there are any mechanical damages and sufficient humidity
they can induce the spoilage of products. Saprotrophic Ffungi
develop on vegetative remnants: twigs, wood, fallen leaves,
dry remnants of grassy plants, and during storage -- on frult,
rooterop, tubers.

The conditicns for the develepment of fungi are particularly
favourable during the storage of forage. Molded forage or feeds
are the most important link in the alimentary chain which afford

the possibility for the penetration of myzotoxins into food pro-
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ducts of man.

Dozens of different’ species of fungi may develop on vege-
tative feeds and food preduct. Some of them are already known
as producers of Lexinse while other;'the unknown part, shonld
be regarded as poekential preducersof mycotoxins.

This conclusion may be drawn on the basis of the Tindinga
of studies conducted by us at the Erevan University. We have
examined large numbers of lungi-contaminants of numerous Ffood
products, including those of vegetative origin in fresh and
processed condition, of home and industrial production, 300
types of contaminants have heen identified. 7L% of those
tested for toxigeniecity have proved positive. Table 1, ?

(data for Armenia). 3

This informaticn confirms that vegetative medium is most
favourable For the devélopment of mold Forming fungi in general
and for toxin ferming fungi, in particular., An acid medium of
vegetative organiems is not Tavourable for the development nf
basteria. +

At the same time bacteria are known te develop well in an
animal organism increasing its alkaline reaction. Under thesae
conditions fungi are poor rivals of bacteria and theresfore they
are found in smaller numbers on animal substrates comparad to
vegebative substrates. This can be confirmed by the resulis of
our studies.

Approximately 250 species of fungi have been isolated from
different groups of fresh vegetative food products. At the same
time only 36 species have been isnlated from meat and meat pro-

ducts.,
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The current view is that food products of animal origin
are alsc poorly contaminated with fungi. Our studiee of many
years on a large number of varied processed food products of
animal corigin have indicated that many of them -~ butter,
pot butter, cheeses, sour milk, dehydrased milk, cottage cheese
provide a favourable medium for molding which in most cases is
caused by toxiggnic fungi. The risk of molding increases with
an increase in the fat content of & product. As a rule, in this
medium several epecies develop while the genera of Penlcillium
and Aspergillus predominate.

A comparative assessment of the content of fungi which con-
taminate food products of vegetative and animal origin reveals
that there is a community of saprotrophic genera of fungi in
both groups of products, However, on the level of species this
community decreases which indicates a certaln confinement of
species of fungl to specific products.

The species composition of fungl which develop on fresh
vegetables and fruit during storage is particularly varied.
This is due to the fact that besides saprotrophic fungi of
Ygtorage" the species which Bre_characteristic of the vegetation
period -- "field"™ fungil which belong to parasites continue to
develop on them.

Several species are specialized for vegetative products and
do not occur in meat and dairy products like, for instance,
Botrytis and Trichothecium.

Most harmful and widespread contaminants of food products
are the numerous species of Penicillium and Aspergillus.

There are not many species of fungi which affect processed
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vegetative food products.

Procesaed animal producta with an admixture of plants
like cheese or cured meat are particularly affected by moiding.

mashiroom s

The edlble plleate (hymenomycetes) are regarded a3 a
favoured food by many nations. Their fresh fruit bodies,even
while in the field, are affected by microscopic moldforming
fungi which are known as mycotrophs or mycophyls. Thus, the
fruit bodies of fungi should alsc be viewed as a habitat of
fungi-contaminants of food products while the toxigenic pro-
perty of the latter should be an object of specific studies.

The least studied habitat of fungi are water basins and
water streams, In recent years fungi have attracted the atten-
tion of mycologists. This is & varied and at the game time spe-
¢ific ecological group of organisms with a broad range of adapt-—
ation to growth and develepment in different types of water
bodiea., They inhabit fresh and seawater,wattr surface and, to the
contrary, the bottom layers. The water mold varies by the mode
of nutrition. They include cbligatory parasites, saprotrophs and
facultative species. They parasitise on algae,invertibrates and
submerged vegetative and plent remnants. The composition cof
water mold includes representatives of all classes of fungi but
particularly oomycetes and gyphomycetes. The water mold include
typica’ vater mold like Saprolegnia, Achlia, Aphanomyces and
others and the so-called air-water fungi, i.e. those which
enter water arriving from air, The latter are more numerous on
vegetative remains in the coastal zone of marine and freshwater
bodies. These are Alternaria, Cladosporium, Fusarium, Tricho-

derma, Aspergillus, Penicillium.



-14 ~
The #2xicogenic property of water mold is unknown. The

reason is possibly the gifficulty of isolating pﬁre cultures.
The need in this study, however, is pressing since Lhe ne;work
of man-made ponds is growing. It is known that some fish, like
the rainbow trout, are highly sensitlve to mycotoxins and are
well used as test organisma when identifying the toxicity of
strains. Mycotoxicoses of fish may occur also when ilngesting
molded feed and contracting fungal diseases. In both cases, a
declsion has to be taken on the permissibility of eating fish
affected by fungi or products of their metabolism.

Alr is not a habitat for microorganisms includinq fungi,
However, m?ﬂ ;Freaa bg rrEong Uf‘*i air. Wherever air can reach,
fungal diasporea can be carried. Micro;rganisms are everpresent
in the solid particles of aerosols. Over land surface--these are
malnly fungi, over the seas--primarily bacteria.

Fungi enter air during the active spread of spores or
are carried by alr currents when the spores are passively spread.
In the air, fungl are present in the form of fracments of a
mycellium.

The number of Qiasposes in air variés depending on natural
and geographical conditions, on the season of the year and even
the time cf the day. The number of spores descreases with dis-
tance from the ground. The maximum number of spores 1s found in
the light time of the day, and the minimum--at night. variation
relate not mereli&%he number of spores but their qualitative com-
position too. For instance, Conidia of the Cladosporium species
predominate in the light time of the day, while basiduspores--
Sporobolomyces predominate at night in the air of thé temperate
and -uhtropical climatic belts.



- I5 -

Plants miecul are affected by fungl are believed to be the
main suppliers of fungi diaspores to the atmosphere. Viable
spores are practically all fungi which have surface sporulaticn
may ocucur in air.

Studies conducted in Erevan (the Armenian S3R) have shown
Lhat the prevalling (numerically) genus is Q}qgg§29£igm.ln w;ntiﬁ

the bumber of its sporgs ih 1 m3 » drops practically 28
fold cumpured the autumn montbs, During the same seasons
the numerical change in the spores of Poeniciliium and Asper-
gillus genera is insignificant.

The avfival  of spores from soil and plants into air is
inhivited in some seasons, they are washed from the alinoaphere
Ly rainfall, when the temperature decredses theiv survivabiiity
therefore the poasibility of their entering air increases.

The conditlons of existence of microorganisms in air ace

not favourable for them. The amount of nutritives there is

Goas
limited and¥in a form which {s not very suitable for assimila-

o
tion. The action of sunrays and specifically,ultraviolet ones

14 alsc unfavourable just as the abrupt changes of temperalure
and relative humidity. To a certain extent the diaspores of
mold forming fungi are protected against these influences in
the area of clouds where humidity is suffic¢ient, temperature

is stable and sunrays are screened.

The inereased content of fungi spores in industrial pre-
mises nan be the cause of allergie dlseases or profound myco-
coses, mycatoxicoses in workers.

Vegetative products compared to products of animal origin

during their ripening and up to harvesting have a greater con-
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tact with environmental factors. The variety of the latter defi-
nitely influences the species of fungi—contaminants:and might be
even decgisive. Tt is known that some vegetable plants form edible
Organs (tubers, rooterops, roots, bulba)in Béil. Being in direot
contact with soil and being exposed to specific conditions which
include microflora they, following harvesting,become the carriers
of diaspores of numerous fungi.

Food products, in the main, develop on the surface parta of
plants and contact the air. They are exposed to degiccating wind,
aeration, fluctuations of temperature and humidity, inseclation.
Many of these factors inhibit the develeopment of microcrganisms.
Thus the potential of fungal contamination is definitely
greatér in the subsoil parts of plants wh}ch are used for food.

When food products are stored ~ in special premises, in depots,
there are conditions when all environmental facteors have a cumu-
lative action. Theirlcombination is reflected on the qualitative
composition of fungal flera and its development. Thus, in the
storages ofl vegetaﬁles, fruita, the factors which determine the
qualitative and quantitative composition of fungi which cause
their molding include the following: the remnants of soil on pro-
ducts, the product proper which serves as a substrate for fungi,
its nature, air temperature and humidity, its composition and the
content of diaspores, i.e. the sanitary-hygienic state,

The decisive factors of buillding up the species composition
of fungi-pathogens of molding in industrial shops where food
products are ﬁrocesaed (preserves ol vegetative and animal pro-
ducts, butter, cheese, salamis etc) are the large numbers of
spores on raw materials, equipment, packing materials, tare, the

technology as such., The latter does not always provide for such
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a temperature regimen and such presgure which would have fungi-
cidal acticn on diasspores of fungi which contaminate raw mate-
rials and equipment.

in ¢losed premisea where no protection has been providad to
prevent the development of apores and where sanitation and hy-
gienic conditions are not adequately obaerved there is always a
reciprocal contam}nation: raw materials, equipment, contaminate
air; air, in its turn, contaminates raw materials, equipment and
finished products.

A meonopoly development of fungl on products is not frequent,
It ocecurs on fresh fruit and vegetables and alsc on processed
vegetative and animal products., More frequently, with the ad-
vent of ageing, fungi groupings are formed on products. Their
components enter into different relations where aggressive
species predeminate. They inhibit the development of other
epecies, Thus the spread of fungi in food products depends upon
the product, its physiological state, the compesition of funsi-

contaminants and their interaction.

It follows from the aforesaid that the characteristics of
a species cannot be extrapolated on the entire genus as it
happens, not infrequently, in literature. This relates primarily
to mold forming fungi which by nature are saprotrophs and pos~
sess high adaptive properties. Besides this, the species composi-
tion of fungi-contaminants, their biological activity and spe-
cifically the ability of forming mycotoxins are influenced by

geographical, natural-climatic conditions and even by weather.
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Table 1

Taxoncmiec composition of fungi which contaminate

food products (Armenian SSR)

Class, Vegetative Animal
opder denus products products
Number of species
freah pro- meat Dbutter cheese
cessed
1 2 3 4 5 6 7
Qomycetes
Peronosporales Phytophthora 1
Zypomycetes
Mucorales Cirecinella 1
Mucor 5 6 3 2 3
Rhizopus 5 2
Mortierelia 3
Aacomycetes Fleospora 1
Sclerotinia 1
Capnodium 1
Dimerina 1
Sphaerotheca 2
Deuteromycetes Hysalodendron 1
Monilia 4 2 1
Ooospera 3 2 2 1
Trichoderma 2 ?
Geotrichum 2 1 1
Oidiodendron 1
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i
Table 1 (continuation)

1 2 3 4 5 6 7

Deuteromycetes Aspergillus 12 13 6 i5 [
Acremonium 1
Sterigmatocystis 1
Sc¢opulariopsis 1
Penicillium 42 21 18 38 27
Botrytis 16 1
Verticillium 2 1
Trichothecium 1 1 1
Ramularia 1
Toruia 3
Papularia 1
Catenularia 1 1
Cladosporium 7 2 3 2 2
Fusieladium 3
Pleiochaeta 1
Triposporium 1
Heterosporium 1
Helminthosparium 1 1
Prechslera 1 2
Cercospora 2
Alternaria 14 9 1 3 )3
Sperodesmium 1
Fumago 1
Stemphylium 5 1 2
Cylindrosporium 1



Table 1 (continuation)

Deuteromycetes Colletotrichum 3

Sphaceloma 1
Gloecsporium® 1
Dendrodechium 1
Fusarium 30 3 l 2
Vermicularia 1
Phoma 1
(lcecdes 1
Zythis 1
Sphaeropsis 1
Leptothyrium 1
Mycelia sterilia 1 1
Rhizoctonia 1

199 65 36 75 nu
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Table 2
Repults of testing fungl isolated from different

groups of food produots for toxlcity {(Armenia)

Product Number of Number of straina
isolated Tested Proved to
speoies for be toxie
of fungl toxioity

Vegetables . 136 21 15(71.4%)
Prult 138 23 18(78.2%)
Procegased vegetative
produots 58 12 9{75.0%)
Meat 36 © .18 11(61.1%)
Food fate 47 o 26 21(80.8%)
Cheese . 39 27 20(74.1%)
Dehydrated milk 7 ] 3(75.0%)
Total 300" 13 97(74.0%)

* The total figure has been belittled owing to the repe-

tition of species



-22 -

Literature

1, Pilai v.I., Pidoplichko‘N.M. Toxinforming microseopic fungl
Pand the diseases caused by them in man and animal. Xieg 1970.

é. Bilai T,I. Thermostable enzymes of fungl. Kiev, 1919.

3, Osipyan L.L. In a collection: Contamination of food products’
by foreign substances agd microorganisms. Erevan, 1980, 37-39.

4, Osipyan L.L. In:the book: Proceedinﬁs of the Anniversary
Sclentific Conference dedicated to the 60th anniversary of
the USSR. Baku, 1982. '

5. Osipyan L.L. In the book: Summaries of papers for the 7th
Congress of the All-Union Biologlecal Society. Leningrad, 1983,
115.

6. DuiPyan L.L., Akopyan L.A. Proceedings of the 5th Conference en
lovwer plants of the Transcaucasus, Baku, 1979, 82-84.

7. Osipyan L.L., Batikyan A.G. The biological Journ. of Armenia.
Erevan, 1978, XxXx1, I, 19-25.

8. Osipyan L.L., Hatikyan A.0. Proceedings of the 6th Conference
on sporophytic plants of Central Asia and Kazakhstan, Dushan-
be, 1978, 1978, 215-216.

9. Osipyan L.L., Batikyan A.0. Proceedings of the 1st All-Union
Conference on Foreign Substances in FPood Products. Alma-Atn,
1979, 26-27.

i0. Ceipyan L.L., Batik;an A.0. Proceedings of the Transcaucasian

Coordination Conference for Plant Protection. Tbiliai, 1980,
188-186. °

11, Osipyan L.L., Batikyan A.G. In a collection: Contamination

of food products with foreign substances and uiéroorganiums.

Erevan, 1980, 39-¥1.



12,
13.
14,
15.

16,

17.

18,

19.

20.

21.

22.

23,

-23 -
Osipyan L.L., Batikyan A.G. The biological Jour, of Armenia.

Erevan, 1981, XXXIV, 1, 30-3A.

Osipyan L.L.; Batikyan A.G. In the book: Ecology and bilology
of lower plants. Minsk, 1982, 117-118,

Osipyan L.L., Batikyan A.G. Proceedings of the 6th Trana-
caucaslan conference on aporophytic plants. Teilisi, 1983,
92,

Osipyan L.L., Batikyan A.0. The Bilological Jour. of Armenia,
Erevan, 1983, XXXVI, 11, 1083-1086.

Osipyan L.L., Batikyan A.G. Proceedings of the Erevan State
University, Erevan, 1985, 2,

Oslpyan L.L,, Verdyan N.M, Proceedings of the lst All-Uaion
Conference on Forelgn Substances in Food Products, Alma-
Ava, 1979, 27-28, "

Oaipypn L.L., Verdyan N.M., In & ocollection: Summaries of
pape:::n::;:rence of the Armenian Republic devoted to the
International Year of the Child, Erevan, 1979, 68-69,
Oesipyan L.L., Verdyan N.M., Vatikyan A.0. Proceedings of
the Erevan State University, Erevan, 1981, 2, 113-116,
Osipyan L.L., Gasparyan E.I., Verdyan N.M, In a collection:
Contamination of lood products with foreign substances and
microorganisms. Erevan, 1980, ¥1-43,

Ceipysn L.L., Origoryan XK.M. In a collection: Contamination
of food products with foreign substances and microorganisms.
Erevan, 1980, 43-35,

Osipyan L.L., Origoryan K.M. In the book: Ecology and bio-
logy of lower plants. Minsk, 1982, 119.

Osiéyan L.L., Grigoryan K.M. Proceedings of the 6th Trans-
caucasian Conference on Sporophytic Plants. Tbillsdi, 1983,
93.



2y,

25,

26,

27.

23

29.

- 24 -
Osipyan L.L., Origoryan K.M, In the book: SuTmarie: of

papers for the 7th Conference on Sporophytic’Plants of
Central Asia and Kagakhstan. Alma-Ata, 1981, ;9&.

Oaipyan L.L., Origoryan K.M., Vartanyan G.E, In a collection:
Contamination of food products with foreign substances and
microorganisme. Erevan, 1980, 3h4-35,

Osipyan L.L., Origoryan K.M., Eller K.I., Maximenko L.V.,
Tutelyan V.A. In the book: Myesllar fungi. Pushchino, 1983.
Oaipyan L.L,, Grigoryan K.M., Eller K.I., Meksimenko L.V.,
Tutelyan V.A. Mycology-end phytopathology. Nauka publimhing
house, 1984, XVIII, 6, 470-474,

. Osipyan L.L., Davtyan S.A. Proceedinge of the Erevan S}ate

University, Erevan, 1977, 3, 90-96,
Oaipyan L.L., Pavtyan S.A. Proceedings of the Erevan State
University. Erevan, 1980, 2, 107-110.

Jex, 4064 MUK BUIHTH



