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MYCOLOGICAL 3%UDIES INTO MYCOTOXIR PRODUCERS

A.Kh.Sarklsov, L.G.Ivanova

A Brief Description of Pungi

Pungi make up a.vast group of organisms comprising some
100,000 specles among which we find both the well-known edible
and poleonous nushrooms and aleo the mleroscopice epecles which
constitute the majority.

According $o the tradiflonal clasasification of living or-
ganiema into the animal and vegetable kingdoms, fungl used %o
be placed with the plantes. Jaining currency at presant, howe-~
ver, ie the view of fungl as an indepsndent kingdom of orga-
niems fundamentally differing both I'rom plante end animals
(L.L.Velikanov st al., 1981),

Charactefistic features of the fungil are the abpenca of
the ability to sffect photosynthesis and a primarily heterotro-
phic type of nutrition by nbsorptldn, the presence of a well~-
pronounced cell wall mostly comtalnin~ chitin, the formation of
glycogen in the cells as & reserve product, reproduction by
spores, abeence of mobllisy in the vegetative state, and unli-
mited growth., It is pregumed that fungl emerged at a period
when the divislon of organlems into the animal and plant king-
doms was taking placs.

With respect to the method of nutrition, fungi are divided
into'saprophytaa and parasites. Paresites feed on the 1iving

t Liosues of plants-and Qnimaia. The sﬁurce.ot ﬁutriiion }or énp— -
rophytes are the dead remalns of plante and animale. It 1s not
always eagy to draw a clear-cut demarkation line between sapro-

phytes and pargsites. A number of parasitic fungi. may develop
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on vegetable remaine, while some maprophyte fungl under car-
‘taln conditions adapt to the parasltic mode of life on animal
and plant orgeniems.

The vegetative body of moat of fungl ies s mycellium conalsi-
ing of branching filaments which are called hyphae, with apical
growth and lateral reamification. The mycelium panetrates 1into
the nutritive subatrate and abeorbs nutrlents through its enti-
rea purface. It may slso rise above the substrate as a superfi-
olal or earial mycelium on which the renroductive organs usual-
1{ form,

By structure all fungl are divided into lower and higher
onso. Typical of the lower fungl 1s the noncellular nonceptate
mycelium mseaming to appear as a giant single ramified cell with
a great number of nuclei. The higher fungl have a multicellular
myceliuvm divided by septa into individual cells. The vegstatlve
body of somes fungi, for example yeasts, le represented by single

‘budding or dividing cells.

The mycelima of many fungi 1ls transformed into aycelian
strands sclerotia conalsting of densely intertwinned mycelian
hyphae.

Fupgal reproduction may be vegetative, amsexual, and pexual ,

In vegatatlive reproduction, non-gpecialized parte, such as oi-

dia, chiamydospores, arthrospores detach from the mucelium and
give Tips to a new mycellug.
Asexual rebroduction in tha lower fungl is carried cut by

zoosporés (moblle unicellular spores with flagells} or aporangi-
ogpores formed endogenously in the zoqsporangia and sporangla, g;

reappectively.
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In the higher fungl, asexual reproduction is performed by
means of exogenous eperes or conidia developed on contdiopho-
res which represent the mycelium branches, The conidiophores
reveal greai structural variety.

The product of saxusl reproduction in the lower fungi is
the gemete, tha voepore, the zygote and, in the higher fungl--
the ascospore and the basidiospore.

Fungal syatematics 1s based on a complex of characters,
the main being the gtructure of the pexual and esexual repro-
duotive organn, and the compositlon of polyeaccharides within
the cell walls,

On ths besis of contemporary concepts of the origin and
development of fungi, they are subdivided into sevan clagses
{J.A.Von Arx, 1968; H,.Krelsel, 1968; D.K.Zerov, 1972, end ot~
hers}. The first four of them are the lower fungi:

The class of Chytridiomycetes. The mycelium im weakly de-

voloped or the vegetative body appears as a eingls, occcasion- .
ally noneeptate cell. Asexually raproduced by maans of zoospo-
Tes with s single posterior flagellum, The sexual procees is
game togamy of varlous types. The cell walls contain chitin and
glucons,

The class of Hyphohytridiomycetes. The vegetative body ie

repregented by eingle cells, someties naked; often a rhizo-
mycelium is formed. Amexually reproduced zoospores with one
plunat anterior flagellum. The agexual procese ls gamogamy. The
cell walls contaln chitin and cellulose.

The elasa of Ogmycqtea. The mycelium ia well developed,

nongeptate. Asexually reproduced by means of zoosgpores with two
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flagella, filiform and plumat. The asexual process lg oogamy.
The call walls contaln cellulose and glucana.

Tha class of Zypomycetes. The mycelium is well devasloped,

nonseptate in most cases. Assxual reproduction gccurs nredomi-
nantly $hrough sporangiospores. The pexual process ls zZygogemy.
Coll walls of the mycelium contain chitin and chitossn.

Higher fungl are represented by thres classes:

The clams of Ascomycetes. The mycellum is well developed,

oellular. Asexusally reproduced by means of conidia. The spores
of gexual reproduction are formed endogenously in an ascus. The
cel) walls contain chitin and glucans. Two species of this class

cautge myxotoxicoges; these are Claviceps purpurea and Cl.paspali.

The clapss of Basidiomycetes. The mycelium is wall devaloped

and is cellular. Asexuslly resproduced by conidla. Spores for

gexual reproduction are formed endogenously on a basidium. The

cell walls coniain chitin and glucans, Belonging %o thie clams
" are poisoncus mushrooms, smut and yellow ruast of cereals.

The clags of Deuteromycetes or imperfect fungi (Fungi

imperfecti). A well~developed cellular mycelium, Apexually rep-
roduced by conidla. The sexual process ig absent. Known in the
fungi of thim clese ie the parasexusl cucle whersby the ﬁycellan
nuclei merge and recombination takes place during the mifotic
division., The overwhslming majority of mycotoxin producers be-

long to thie claas.

Microscople Mould Fungl are wideapread in nature. They
occur ‘in great amounts in the msoll, on various vegstable sub-

gtrates, food products, in water, and 1n the alr.
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When producte, particularly of vegetable origin, ere ato-
red under unfabourable conditlons {(elevated relative humidity
of alr and high temperature), the fungi start vigorously de-
veloping on them, Some fungel species form toxic metabolites.
At present, mycotoxina have besn founi in a great number of mlc-
rogcopic seprophyte fungi.

Mycological studies consist of & complex of methods uased

for esteblishing or confirming the role of gungl 1in the etiolo-
gy of mycotoxicoses. Studles are started after the prelimlnary
excluaion of an infectious pathogen, poisoncus plants, and che-
micals as causes of a diseass.

Correct mampling te of importance for a successful atudy'
of fungal flora. A specimen weighing about 200 g is taken for
nycological analysie from an average sample composed by a gene-
rally accepted method. Additionaelly studlied is the fungal flora
of fodder or good producta taken from darkened, mouldy aresa or
foci.

Carried out in the laboratory are ths organcleptic analy-
als of the apecimen, the determination of the toxiclty of the
fodder, 1lts mycological examination,and the determinatlon of
the toxicity of lsolated funsal cultures.

Special cultivation methods and techniques are used in eve-
ry individual case for the differentiatlon of the specles and
varietien of fungi.

Pungal contamlnation of grain may be in-depth and super-
ficinl. For revealing the in-depth affection, the grain le pre-
1iminarily disinfected with a 3% formalin solution or 70% et-

hyl alchohol and wéshed with steriles water., The grains are ar-
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ranged on the surface of the culturs medium 1n Petrl dishes
(direct inoculation method).

Tha imolation of gungi froam flour, bran, mixed fodder, rriss,
and other similar products is carried out by the method of pour-
ing. -

When fungal growth ie noticed, the culturss are tranaferrad
from the Patri dimhes into tesi-tubes with an appropriate cultu-
rs medium.

Whan cultivation 1s completed, the colonles are studied
and the fungus 1a examipned microscoplcally., Its ppscific iden
tity 1is establiapned on the basis of cultural-norphological
characteristice.

An indlspensable atage of the work is the toxico-biologi-
cal examination of food atuffs and fungnl cultures.

The main mesthod for determining the toxlelty of grain,
coarge and mixed fodder, and silage ia the mkin test,

Tha toxicity of fodder ls determinad also by the oral ade
ministration of an extract to laboratory animalegs.

The toxicity of many kinds of vegetable fooda may be es-
tablished by feeding them to test animale and young foul.

When unknown toxigenic fungl are isolated from the teat
gémples, the feeding of the obtalned samnles to animalp is ths
primary and basgic method of toxico-blclogicel &nalyels in.es-
tabliphing their role in the etlology of the poisoning.

The toxici{y of fungel cultures isolated froa the samples
should be determined when the suspectsd fodder cmuses 1llness
or death of test animals, and elso in case of & positlve skin

test.
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The toxicity of gungal cultur:s is determined by diffarent
methode, including the skin test on rebbita, feeding the animale
with fungal culture on gfaln and hay, watering the animals with
extracts, the intravencus, intraperitoneal, and subcutansocuas
administration of extrects from the fungal cultures to the ani-
male, tesating the extracts on chicken embrycs and $issue cultu-
res, chemical and chromatographlic analyses, etc.

The fungel film removed from the surface of the culture me-
diue (preferably liquid), from which extracts are prepared, the
culture mediuvm (fluid nutrietn madium on which the fungus was
grown}, a culture of the fungus grown on grain, hay or other
vegetable submtrate are used for determining toxicity.

In 8ll cases it should be bornes in mind that the isclation
from the test substrates only of single cultures known as pro-
ducers of mycbtoxina ie not sufficient for the diagnosis of my-
cotoxicoses. Ons should alwaye take into account the geaneral
epldemiologicel and epiecotologlcal background, the clintcal
nanifestations of the diseegs, the poat-mortem inveastigation,
obaservations of the terms of the outbreak of the diseese af-
ter & new batch of the fodder (fiod) products were included 1in
the retion. An eronesously made diagnosis of mycotoxicosls ine-
vitably lesds to moast uﬁdesirable actions, such &s the discar-
ding and losa of large quantities of fodder for which thare 1s
gtill great demand in amany regions of the world.

'Toxln-producing fungt occupy various positions in ths sys-
tematice and belong to different clamses . (A.Kh.Sarkisov, 1954;
A.Kh.Serkisov, et al., 1971).
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Among fungi developing on a vegetable substrate and form-
ing mycotoxing the following specles are best studied: Fusarium

gporotrichiells, F.graminsarum, Stachrbotrys alternans, Dendrom~

dochium toxicum, Aspergillus flavus, A.fumigatus, end also Cla-

¥icaps purpurea, Cl.paspali, and Pithomyces chartarum which

parasitize on planta.
Lat us examine the moest dangerous species of toxin=-produc-
ing fungi.

The Claviceps purpurea fungus belonga to the class of Asco-

nycetma: 1t 1p a strict parasite on a number of cultured cereal
plonts. The mostly affected ceremsl is rye; mers seldom affected
by the ergot fungus are wheat, catas, barley, rice, The dsvelop~-
ment of ergoi on varlous willd-growlng cereals is not well stu-
died. It has bean reported that ergot may parasitize on approxi-
mately 170 varisties of cereals (both cultured plent and wild-
growing weeda).

The development mnd the toxicity of ergot 18 infiuencsd by
801l and climatie factora. Brgot is wldeapread in Zurope, Asla,
end the Americas, on the islands of the South Ssas (Jawa, New
Zealand). It tes frequently found in lowlands, in molst localities,
along rivers, in valleys on the fringes of forests end wown
areas.

This fungus develops in three stageas: sclerotilal (resting),
ascosporic, and conldiel. It is tha restirg state of the fungus-
the selerotium kergot spura) - that s toxic to enimals,

Ergot sclerotia are elongeted, usually somewhat curved, in
shape. They are blackish-purple in colour, whitish-purple inei- g;

o~
dé., The number of srgbt spurs on en affected ear of rye may vary H
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from one to several dorens. The weight of ergots collactad

from 1 kg of rye may vary from 10 to 500 mg. The weight of ergotg
collacted from wild-growing ceraals is conslderably less.

Dimensions wvary from 0.5 to 4.5 em in length and from 3 to 5 mm

in diameter.

The quantity of alkalolds in the aclerotie ie not constant
and depends on many factors, importamt among which are c¢limatic
conditlons, characteristics of the hoat plant, the size of the
sclerotia. During long storage after harveating, the toxlcity
of the sclerotie decreases under the effact of light, tempera-
ture and increased humidity, and steeply drops after 91-12
months.

The Clavicepe paspall funguse is a etrict parasite of va-

rious kinde of herbs of the Paspalum genus. It belongs o the

Apcomycetens class. The polsonling of animals ls observed mostly

during the grazing period, 1n autumn, when grasses are eaten

together with the aclerotls at the time when the fungal sclero-

tla ripen. Ths fungus ie wldespread in a number of states of South
America, Africa, end Ocaania. It occure along the coast of

the Black and Casplan seas.

The aclerotla of Cl.paspall are roundish, greylash-yellow-
-brown with a rough-rugose gurface, 1.5 %o 3.5 mm in diameter,
From 10 to 50 and even more sclserotla are formed on & single
ear.

‘The aclerotle are very resistant to low winter temperatu-
re, high humidity, prolonged asration, insolation, ard other
anvironmental factors. ’ '

The Stachybotrys al bernans fungus belongs to the Deutero-
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nyceten clase and 18 & ocellulolytic saprophyte. Under natu-
‘ral gonditione, it grows and develops well on substratass rich

in cellulose: atraw, hay, varloua weads, and vegetable remains.
It attacka cotton, flax articlsa, wood, mackecloth, papsr. On
straw and gralin it forms & black powdery, esaslly removable coai-
ing.

A velvety black colony with a white border develops on
mutrient medla (Czapeks ager, wort ager, filter paper). A dark
brown pilgment is infused into the medium. The conidiophores are
septate, sympodisl-ramifled, pale olive-gresn, with a bundle
of sterigmata on thelr tips whers black élliptic conidla are
formed (3-0-7.7 x 6.9-14.0 m),

" An lmportant part in the development of the fungus and thes
formation of toxin ls playad by temperature and humidity. The
optimum temperature is 20-25°C and the best humidity of the fode
der 18 H0-~T5%. To determine the toxigenicity of the isolated

‘Btrain of S.alternang, a sterils substrate (straw, oats, and

other cultures) 18 ind>oculated.

Toxin formation 1s a stabls physiocloglical characteristic
of this fungus. The toxins are contalned mostly ln the coaidia
and excreted into the culture medium, most actively on sterill-
zed subatrate wlth a high content-of cellulose (straw).

The pericd of toxin formation coincides with the beginning
of sporulation and ends with the completion of fungel growth
by the 10th-25th day.

The toxine are stable in storage mnd are resistant $o the
effect of teuperature, mineral and organic acids, light, ang
ultraviolat rayﬁ. Stachybotryotoxins are destroyed in strong

alaklip. Laboratory methods for isolating them into a pure culture

&
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are well developed.

The Dendrodechium toxicum fungus bslonga to the class of

Deuteromycetes; 1t 1a a cellulelytie sapro}hyte wsll develop-

ing in fodders rteh 1in cellulose, such as atraw and hay.

The fungus growm well on artificlal nutrlent media such
as Czapek's agar, wort agar, and potato agar on which at first
a dense natwork of anow-white mycelium develops and theh a masa
of green gporodachia appears, getting black with age. The apo-
rodochia are roundigh, up to 1 mn in diameter, conselst of conl-
disphores. The olive-green conidies are eliptical, with tapering
tips (2.7-3.5 x 6.5-3.0 fum).

The optimum temperature for the fungal growth and toxin
formation is 20-25°, humldity is 50-60%. The appsarance of the
straw and hay attacked by the fungus does not differ from that
of the healthy material. The toxine forn both when natural eub-
strates are ettacked and during development on various nutrlent
media; they have been found in the mycelius, conidiophores, co-
nidia, and culture media.

Por determinimg the toxigenicity of the isolated strain
of D.toxicum, the culture is grown on a eterile cellulose-con-
talning substrate.

The fungl of the Fuparium genus, classe Deutaromycetss,
attack cereal crops, cereal fodder, straw, hay, bran, ths rem-
nants of cercals on the fields, the grasses of winter pasture
lands. They davelop well on various nutrient substrates and
aterile grains of vereals.

The greatest danger among the numerouns Pusarium specles

comes from the Pusarium sporoirichielle species.
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Qrgonoslantically, the toxic fodders are fraguently indie-

tinguiahable from heslthy ones. In cases when snallish rugose,
light grey or pinkleh~red grains are found in the samples, one
may suspect that the graine are atiscked by Fusarium, Upon pla-
c¢ing Pusnrium affected grains on Czapek's ager in Petrl dishes,
flufy white or pink colonles desvelop.

The colonies of F.gporotrichiella on potato sgar are flunf-

fy or arachneid, fregquently powdery, white or slightly plnkieh,
with the mass formation of pseudeopionnotes or asporodochla, The
nutrient medium sometimes gete estalned into purpls shedes. Micro
conidla of two types are formed --opherical, lemin~ or pear-
shaped and elongated spindle-elliptical. The sporodochia and
pionnotes consist of conldiophores on which sickle-shaped macro-
conidia form. There are numerous chains of chlamidospores.

A spscific feature of the PF.aporotrichislle fungns is that

1t may develop at low temperatures {below 2°C) with optimum
growth at 18-20%C. A temperature of -20°C does not ki1ll ths fun-
gus. It accumulates toxis subetances at low temmeratures. The
optimum temperature of toxin formation lles in the range froa
+4 to +12°% at the subptrate's humidity above 50%.

Toxic substances are forwed in the mycelium, conldia, and
cul ture fluid. They are reslstant to the effect of high tempera-
tures and insolation.

The maln producer of zearalenone (F-2 toxin) 1s P.graminea-
rum (G.¥.Blrone et al., 1972; A.N.Leonov, 1972, and others).
The formation of th® toxin has been elso discovered in a number

of other Fusarium gpecies (P.culmorum, F.,moniliforme, F.semitec-

tum, and others). Zearalenone is usually formed on cereal crope
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and coarase fodder in storage, when moderats and cool pariods
alternate.
Amorg aflatoxin-producing fungi, the greatest importance

1g attached to the Asnergillum flavus, clans Deutaromycetea,

This fungus 1s widespreed on various types of fodder. A.llavus
mopt frequently can be isolated during the analysis of pecanute;
besides, it readily develops and forme toxins on many other va~
rieties of fodder (eoyabeans, wheat, malzs, sorghum oats, rice,
rys) and 8leo on coconuts, almond, citrus fruit rind, and cot-
ton seede.

The colontes of A.flavug on Czapuk's agar ars ysllowiph-
gresn and granular with roundieh black aclerotiam up to 1 mm in
diameter asppearing along the margim of the colony. The conidio-
phorea have roundish terminal tipes with one or two laysra of
plterigmata; ths conidie are round and epinoua.

The op$imum growth temperature for A.flavug is 36-38°C
and that of toxin formation is around 27°C. The fungus .8 capab-
le of developing and formiz aefletoxines at tsape ratures from
11° to 37%.

The bast nutrisnt medium for the formation of aflatoxin
1s the potato-dextrose medium (Hesameltine C.W.et al., 1966).
Peak toxin production during the development of the fungua on
artificial nutrient medim falls on the S5th-6th day. This period
correaponds to the asmcet intense apore formation in this culture.

Among the fungi of the Aspergillus genus, high toxiclty le
algo noteble in the A.fthmigatus species, claes Deuteromycetes.
This fungus affecta fodder flour, fodder products, and other

subatmtes.
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The colonies of A.fumigatua on nutrient media (Czapek's
agar, wort agar) are flat, vervety, dark-green.

The fungus grows well at temperatures from +25°2 to +37°%C.
‘The optimum toxin formation temperature is +25°C and lower. To-
xic substances are excreted into the nutrient medium.

The toxic esubstances of A.fumigatus are unatable at high
temperntures. The temperature required for the lnactivation of
the toxin excrated into the nutrient medium ie within 70 to
30°C a% 3) minutes’ exposure, whereas the andotoxin conteined
in the mycellum and spores of the fungus 1a destroyed at 60°C
within 15 minutes. Fungal cultures grawn on grain lose their
toxicity after autoclaving at 120°C for ona hour.

Poddera affected by toxic straines of A.fumigatus may be de
contaminated in fodder steanming units at 100°C and after cocling
may be fed o cattle withou restriction. AV the saame time, the
toxine of this producer are resistant to the effect of low tem-
peraturee {including tempsratures bslow 0°C).

Tha sporideamfnprmhnarin Pithomyeess chartarum, class Deu-
teromycetes, causing faclal eczema of sheep, le found in dead
parts of clover, rye grass,and other herbs. The area of this
micromycete 18 limited to Australia and Wew Zelend.

The fungus develops well on nutrient media. Colonles on
potato-dextrose ngar are flat, felt-like, olive-black. Single
conldiophores are etraight, darkly coloured ai the apex. Slngle
conldie are formed at the asplcees of the conidlophores;they are
oval in shape, with longitudinal and trensverse sspta, olive-
black in colour,

Sporidesm in its formed during the development of the fingus
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on natural subgtrates and in culture on nutrient media. The
toxin is found melnly in th§ spores.

Spore foymation and rapid growth of téo funsgus require
a 100% huomidity of ths subatrate and a temperature not below
13°C. The optizmum toxin formation tenmnerature is +24°C.

Smut species of Untilago Tilletia {class Basidiomycetes)

and rust fungi (Puccininm, Uromyces) ars paramit=s which have

adapted thensslves to deveslopmant on cartain varistles of cul-
tivated and wild-growing cereals and other plants. Smut fungl
most frequantly affect the ovary and inflorescences of ths ears,
sometimes the lsaves and steme, whils rust fungl develop on the
leaves and stems.

Smut fungl csuse smut of maize, loose and stinkirg smut
of barley, loope smut of oats. By the time of ear formation and
ripening of cereals, the maut mycelium in the sar falls spart
into esparate cells covered by a thickened coating, viz.chlamy-
dosporsa. At this time a black, sooty, duasty mass conpisting
of the .fungal spores appears in the ear instead of normal grains
and the ear seemg to be burned,

Rust fungi(Puccinia genus) cause crown rust of oats and
atem rust of wheat. The affected parte of the plants have a red
or rusly mealy coating consisting of the fungal teleutospores.

According to some data, particularly thoee published many
years ago, the consumption of plants affected by smut and rust
may cause the polsoning of the animeles maenifesting itself in the
disturbances of the central nervous aystem, the raspiratory and
elimentary organs. However, the early resportas have not besen sub-

ptantiagted.
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Pronounced toxicity among fungi belonging 4o the Basidio-

mycetea class is found In Amanlta phalloides. Numerous cases of

human polsoning upon eating this mushroom occur also at present

and have bean degcribed ln a number of foreign countries.

Group of probable bu$ poorly atudied myeotoxin

producers

Ever new spescles of fungl causing mycotoxicoses in animels
have been described in recent ysars.

Many reports refer to ths toxlc dffact of the A.ochraceus
fungus. Ochretoxina, the toxic metabulites of the fungus, were
discovered in wheet, barley, »ate, maize flour, rye, sorghum,
buckwhent, soya beans, peanuts, mixed fodder, alfalfs hay. The
colonies of this fungus in ¢culture on nutrient media resemble
the colonies of A.flavus. But the coloratlon of the colonles
ia always bright yellow without gr-en tints, the conidial heads
are larger than in A.flevus, The conditions of the synthesnis of
ochratoxin were studied. The highest yileld of ochratoxin wase
obtained in a medium containing 4% of gucrose and 2% of yeast
extract. The optimum temperature for ths formation of ochrato-
xin is 26°C.

Ochratoxing are slso formed by other apeclea of fungl be-~
longing to the Aspergillus genus: A,sulphureus, A.alliereus,
A.melleus, A.ostianus, Aipetrékll and species of the Penicillium

genus: P,viridicatum, P.commune, P.cyclopium, P.purpurescens.

The ability to form toxins has besen establighed in many
Penlcillium species.
Rubratoxins have been isolated from P.rubrum and P.purpuro-
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gonum, Toxic subatances from thess fungl are contained only in
the culture flulds of the nutrient media and in the substrate on
which they debelop. Tha fungl are 1nollteé from different kinde
of cereals.

Prom the P.clirinum fungus a hephrotoxlc compound cltrinin
has been isclated.

P.iglandicum forms luteoekyrin and excretes toxic metabo-
lites into the subatrate.

P.natnlum forms patulin. Thies fungus contsminates many
foddaera.

Prom P,citrec-virldi a toxin cltreoviridin has been isola-

ted., The fungue hae been isclated from mouldy rice which had
baen assoclated with diseases among humans.
Toxic gubetances have been alao isolated from some other

epecies of Penlcillium.P.pelitans, P.cyclopium, and other spe-

cies form metabolites which produce a tremorgenic effect oﬁrthe
animal orgenism. Laboratory methode for isolating pure cultures
of the .gbove enumsrated producers of mycotoxins are the same
ap for A.flevus.

The toxic metabolite slaframin is formed by the Rhizocto-

nia leguminicola fungus, clags Dsuteromyceles, which affectis

clover. The eating of contemlnated clover causes strong sallva-
tion in anlmals.

This ia far from being a complete 1list of fungl whoss toxic
properties have been deascribed.

Thug, there are mahy potential producers of mycotoxins in
nature. However, the toxicity of many of them has been establis-

hed go far only experimentally, and mostly on laboratory animals.
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Further studies of the effect of new mycotoxin producere on tha

organiem of farm animale and man are required.
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