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TOLIN-FORMING IMPERFECT FUNGI AND THEIR CULTIVATION IN THE
EABORATORY

E.V.Boltyanskaye

Kumerous date on the contamination of agricultural food ma-
terial, food etuffs, and fodders with spores of various micro-
scopic fungli can be found in the literature, ITmproper storage
of these gubstrates, which moat frequently occurs during the
harvesting of vast masses of grain with high humidity, may cau-
a9 the intense development of wmany species of mould fungi. In e
numbet of capes, this is accompanied not only by changes in the
chemical composition of the contamipated substrate and its pre-
oesaing propertiee, but also by the accumulation of the toxic
metabolytes (mycotoxins) of e number of fungi.

One of the most well known mycotoxicoses of alimentary ori-
gin 1s ergotiem connected with the consumption of bread made
of grain affected by ergot, the Claviceps purpurea fungus.

Most of fungi capable of forming mycotoxins belong to the
group of the so-called imperfect fungl (Pungl imperfecti, Deu-
teromycetes), This vast group of fungi, numbering up to 25,000
described epecies, includes fungal formz with a multicellular
myoelium containing no higher sporophores, The imperfect fungi
rnpro-oﬁt at times sterile mycelia without any reproductive or-
gans, More frequently various conidial sporophores are developw=
ing on them, Established for individual species of the imper-
feot fungi is en ascosporic stage which usually has its spe-
olal neme; however, in most fungi no such stage has been re-
vealed and they represent true Fungl imperfecti.
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The imperfect fungi exceed all other groups not only in
the number of apecles but also in the number of individuals.
They occur both in paprophyte and parasite conditions and are
diptinguished by the ocapacity for rapid and copious growth and
hardiness in regard to environmental oonditiona., Representati-
ves of various species of imporredt fungl are capable of grow-
ing in a broad range of temperatures, from 0 to 50°C, and at
pH 2-9 and beyond. Owing to a rich cholce of various hydroly-
tic enzymes, they are capable of populating most divers§ sub~
strates, All these properties of mould fungl has ensured them
& broad distridbution in naturc.‘In his practical activities,
man constantly has to take meagures to prevent the development
of mould fungl not only on agricultura) materisls, foods, and
fodders but also on many other materials of ihe organlic nature.

- 0f the greatest importance for the contamination of food
and fodder substrates with mould fungl are temperature and
relative humidity. The humidity which favouras practically
no contamination of grain is 14.5-15.5% for wheat, rice, and
bariey, 12-14% for maize and millet, 10-11% for low-oil sun-
flower seeads, 6-9% for high - oil sunflower seeds, 8-9% for
flax seeds. The humidity being constant, the hegroe of grain
contamination differs with temperature.

Imperfect mould fungl are distinguished for thelr potenti-
al to form numerous different organic compounds, many = of
which sre toxic to men and animals, Among the imperfact fungl
known as producers of mycotoxina, one should note first of all
the fungli from the Aspergillus and Penicillium geners end also

various species of the Pusarium, Alternsria, Trichotecium,
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Stachybotrys, Helminthosporium, Trichoderma, Cephalosporium,
Myrothecium gonern.

Though the main habitat of the fungi is the soll, the nun-

ber of toxin-forming strains in 1t 1s usually not very great,
The source of mass distridbution of toxin-forming fungli causing
the outbreake of diseases in man pr agricultural animals, are
the sﬁbstrate- attacked by them, Toxin-forming fungl way be
found on the surface of plents and will damage them during
harvesting and storege under conditions ouring their deve~
lopment or attack the grain during vegetation, as for example,
is done by the phytopathogenic species of Pusarium, or the

Agpergillus flavus and A. paraspiticus fungi.
High on the liat for the rruquaioy of revealing toxigenic

straine and for the hazard to man and animels caused by myco-
toxineg are the mould fungl of thres geners - aspergillus, Fe-
nicillium, and Fusarium. Theﬁe fungi include producers of va-
rious mycotoxina, and not infreqiently individual strains of
one and the same fungal specles may form different toxins.
Meanwhile, far from all the sirains of those fungal species,
which are known as producers of definite mycotoxins, possess
toxigenic properties, The toxigenic strains of mould fungi oc-
cur in nature considerably more seldom than could be expected,
and it is important to bear this in mind when drawing up fore-
oasts regarding the relative hazards represented by toxigenic
fungi, For the msame reason, the screening of toxigenic fungal
strains and the study . of their prevalsnce in food end fodd~
er subatrates is one of the most important tasks in solving
the problem of m&ootoxins.

1-2



- 4 -

Another no less important task conelsts in working out
ways and means of cultivating toxigenic fungl in the laborato-
ry providing optimum conditions for the formation of mycotoxine
by them., Without fulfilment of these taska, 1t is imposaidble to
atudy toxigenic properties : of fungel isclates nor to under-
stand the pathwaya of the biosynihesis of mycotoxins by fungi.
Moreover, studiea aleng these lines create the necessary prerxe-
quisites for obtalning sufficient quantities of mycotoxins ne-
eded for atudying thelr chemical naturs and biclogical mode of
action,

In this conmnection let us examine the microbiological me-
thoda of the detection and isclation of mould fungi from food
and Tfodder subsirates contaminated by them, and also of the
formation of pure cultures which cen be cultivated under labo-
retory condltions with due regard for their specific biclogical

features.

Detection of Fungl and Thelr Isoclation
From Food and Fodder Substrates (2,3)

When subsirates ars gent for examination with obvious in-
dications of their contamination with microscopic fungi, i.e.
with altered organcleptic properties and signs of moulding,
the detection of fungl responsible for their deterioration '
mey be carried ocut by direct microscopic exsmination of the
substrate., For this purpose a fragment of the mouldy zone
acraped off with a pcalpel or bits of the product itself are
examined in a'drop of water at low microscopic magnification,
which, in @ number of cases, enables the detection of the

bhyphae and sporophores of the fungus and estadblish ite gemetic
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and, sometimes, specific identity.

In the presence of surface sporophorea and easily washed
off fungal spores, one may use the method of spore washing-off,
The teast material is ground and placed in a flask; water ls
added to cover the material and the fiask 1s shaken for 20
winutes, A drop of the thus obtained suspencion is examined
under the microsceope, If the suspension la insufficlently
concentrated, the fluld is decanted and centrifuged to give &
precipitate which 1s than studied microscopically,

These tentative methods establish the genus and sometimes
the species of the fungus affecting the substrate but do not
provide information on its toxigenig properties mnor do they
permit a gquantitative evaluation of the degree - of the sub-
strate's contamination with the fungi or the isolation of the
fungl into a pure culture.

For obtaining a more complete information during mycolo~
gical analysis of the substirate, yarious nutrient wedia are
incculated with the test material; this is followed by isola-
tion of the pure fungal cultures. For isolating and cultivat-
ing the fungi in the laboratory, standard artificial media
are routinely used, such as the Czapek agar and the Czapek-Dox
agar, sometlmes with the addition of peptone or yeast extract,
malt agar, wort agar, potato agar, potato-dextrose agar, agar
with sucrose and yeast extract, and a whole number of others.

The igolation of fungl from agricultural materiel, foods,
and fodders is hampered, as a rule, by bacterial growth., The
most efficient mesns for preventing it is the increase of the

acidity of the nutrient medium, Most of fungl need for their
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development pH 4.5 to 6.8, occasionally %o 3.5, whereas sap-

rophyte bacteria develop at a pH 7.0 and higher, Mineral acide
{hydrochloric, orthophosphoric) and particularly organic acids
(citric, lactic, more seldom tartaric) are used for acidifjica-
tion., Aleo used for suppressing bacterlal development are nut-
rient media contsining antiblotics: streptomyoin (304 g/ml),
eureomycin (2 A g/m1), tetracyclinme (30 ppm) end othersa.
The isolation of Aspergillla and Penicillia from the

substrates 1s frequently hampered by Mucor <fungi. For - sup-

pressing their growth, L.I.Kursanov (4) recommended to add
a 0,1-0,15% solution of copper sulphate to the nutrient medi-
un after sterilization.

There are several different approaches to the mycologlcal
analysis of test meterial, depending on its special features
and physical properties,

Sometimes it becomes possible to isolate fungil which had
developed on a food or fodder pubstrate by a direct pessaging
of the fupgel spores from the mouldy specimen to the nutrient
agar with a loop, Por example, Davia et al. (5) when mcreen-
ing toxigenic fungi in food stuffs, isclated a number of monld
fungal cultures by direct inoculation from the foode into an
agarized medium with dextrose, Then the fungi were isolated
into a mopoculture at room temperature (25-30°C) either omn
a Czapek-Dox Medium or on a potato-dextrose agar, and lden-
tified.

The method of direct inoculation was also succesafully us-
ed when enalysing ssmples of mouldy cheese (6). The aspore ma-

terial was transferred from the test samples with a loop
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moistened in a 0.05% solution of Tween-80 onto a potato-dex-

trose agar containing 30 mg/kg of tetracycline, Methods of
thie kind may be used, however, only in cases of evidently
moulded test material.

When the fungi are being isolated from graein, cereals,
legunes, or seeds, the surface microflora (fungal spores and
other elements of the mycelium which are present on the sur-
face only) is often determined together with the in-depth
contemination,

Por detecting the surface microflora, the grain is covered
with & definite quantity of water to which a wetting agent (Twe~
en-20 or Tween-80) is eadded and the mixture 1s ghaken to pro-
duce & spore suspension, after which it is traemsferred onto
the surface of a polid nutrient wedfum or introduced into
molten agar cooled to 459%, then poured inito Fetri dishes; the
agar is set and the dishes are incubated at a definite tempe-
rature,

For studying the in-depth contemination, the surface
of the grains is first disinfected, For thias purpose, the
grain are placed for a periocd from 30 minutes to 2 hours into
s 11300 formalin solution or for 1 minute intoc a 1% solution
of sodium hypochlorite; after that the graines are washed
in sterile water, A 1:1000 solution of mercuric chloride
or sllver nitrate or a 0,5% solution of potassium per man-
ganate can be used for the same purpose, After disinfection,
the grains are cut longitudinally with a scalpel and from
5 to 10 grains, depending on their size, are placed I1ntce
the agar surface in Petri dishes. The totel number of graluy
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ghould be at least 50.

For practical purposeas, the in-depth and the total myco-
flora of the grain is determined. For finding the total myco-
flora, the nondisinfected grains are placed on the surface
of a nutrient medium, The first to appear will be colonies
of fungi present on the surface of the grains and latter tho-
ae which developed within the grain tissues. Grawn fungal co-
lonles are studied under the microscope; rather frequently,
not only the generilc but alsc the specific identify of
the fungi can be determined already at this stage and their
isolation into a pure culture performed, For a gquantitative
characterization of the fungal contamination, the grains
eround which colonies of certain fungel species had develop-
ed are counted and the percentaée of these grains calculated.

~ Two methode are used for detecting fungl in bulk producta.
The first one (direct inoculation) conasists in that a weighed
portion of the test material 1s placed in small mounds on the
psurface of the agar - 10 mounds per dish, With this method it
is difficult to produce igolated colonies, which hinders the
identification of the grain fungi and a quantitative agses-
sment.

‘The second one (the pouring method) 1s used for exemining
cereals and legumes; these products are prelimirarily ground
to obtain e homogenecus mass. The method ie used also for the
analysis of liquid material,

A definite amount of the ground substrate (1-10g) 1is dilu-
ted with sterile water or saline containing a wetting agent
to obtain a 1:10 dilution. If a high content of fungal spores

and mycelium is expected in the materisl, 1 ml of the suspen-
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glion from the first dilution is diluted again to obtaln such

dilutions as 1:25, 1:50, 1:100, etc, to 1:1000 and 1:10000,
Then 1 ml of the suspension of the reguired dilution i1z dis-
tributed on the surface of the solid nuirient medium with a
spatula or introduced into a sterile Petri digh end covered
with cooled molten agar so that the material 1s evenly dis-
tributed in the medium.

There are different modifications of these basic techni-
gques. Thus, in Japen, when analysing yellow rice, iwo approa-
ches were followed (7,8).

In one cese & 10-20 g of rice specimen was 20 times washed
-off in sterile water (total amount of water 1 600 ml); then
the washed grains were cultivated,.éach grain separately, on
Czapek-Dox agar slants at 28°C, After cultivating for T-10
daye, the number of fungal cclonies was caloculated, From 100
to 200 grains were analysed in each sample.

The second approach coneisted in that 1 g of the sample
wap suspended in 99 ml of & sterile 0.1% agar solution with
glass beads (5 mm in diameter), Then 1 ml of the thus obtained
suspension was mixed with an agar~containing medivm, with ad-
ded peptone, glucome, and chloramphenicol, poured into ¢ om
Petri dishes, and cuitivated at 25°C, The fungel colonies were
caloulated 5-7 dayas later on 4 Petri dishes for sach sample.

The fungl from dairy produce and egge ars isolated by
direct transfer of pieces of mycelium or fungal spores, when
colonies develop om the substrate,or by the pouring method.

In the latter case, & weighed ' portion (not more than 1 g) is
thoroughly shaken in a nutrient medium (preliminarily warmed
1-5
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up to 25-30¢C to obisin a homogeneous emulslion, The degree if
dilution im melected in every individual case. The obtained
mixture is inoculated into acidified agarized medis,

Prom Julcy fruits and root crops, the fungl are isclated
by direct transfer of mouldy bita into a nutrient medium,

In cases when the fungus appearas as a myoelium within the
tissues £ of the natural pubstrate, it is recommended to car-
ry out obligatory aurface disinfection, The use of a morouiy
chloride or silver nitrate, solution and sometimes flaming,
for these purposes produces good resulis, The surface parts
of the test material are removed and small pisces (about 1 um’)
are sxtracted from the deaper laysrs and placed into test tu-
bes (ons in each) or onto the surface of a solid nutrient me-
dium in Petrl disﬁos (5-6 plecens in a dish). Before inoou-
lating the pisces, maks surs that they contain fungal myceli-
um,

Yor isclating individual groups of fungl from natursel sub-
strates, special nutrient media are suggested on which the
fungl of the group to be detected either grow better than the
fungl of other groups or form & pigment charmcteristioc of
them alone,

Thus, for isolating the fungi of the Pusarium genus, the
moigt chamber method is used (9), whereby sterile circles of
filter paper (2-3 pieces) are placed in sierile Fetri dishes,
moistened with sterile wator or a liquid nutrient medium and
test material is placed on them mfter surface disinfection or
without i1t. The dishes are incubated in a thermostat, Fungal
growth is monitored on the test substrate and the grown fun-
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gal cultures are isolated under s 20-30 I binocular magnifying
glass, Acld wort agar is alweo reccommended for fsolating thease
funogal oultures.,

In our studies we isolated different species of Fusarium
fungl from rye or wheat grains on ngpok'a agar with sucrose,
The agar was poured intc Petrl dighes and individual grains
were placed on its surface, afier surface disinfection or
without 1¢, depending on the task, The dishes were placed into
e moist chamber and inoubated at 20-22°C,

Yhen isolating the Fusarium fungi from barley greins con-
taminated with different fungi in a number of dimtriocte in
Japan, certain difficultiss wers encountered in detecting the
fungl of this genus, since the Rhizopus and Mugor fungi rapid-
ly spresd over the entire aurface of the mediwm, Por thie
reason, & apecisl nutrient mediun wae developed on which the
Jusarium fungi grew well, while other fungi did not form lar-
g&¢ ¢clonies and the growth of the Rhizopus and Mucor fungl was
completely suppressed (10},

Botheast R.D. and FPennelld ﬂ.I. {11) proposed & nutrient
medivm for a repid identification of fungi of the Aspergilius
Ilavus group, This medium facilitates the separation of fungi
of this group from acoompanying mioroorganisms, since_A. para-
giticus and A, flavus form a stable bright-yellow pigment.

The authors 1noou1qtod Petri dishes containing this medivm
with the aspores ¢f 55 colleotion oculturss and 10 cultures iso-
lated from grain end flowr produots. A1l the atrains of A.fla-
vus, A. parapiticus end 6 strains of the A, oryzae group form-
od & yollow pigment, The 1dontifioatio£ and counting of the

colonies of A. flavus with respect to ocultural and morphologi-
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cal traits ip agar with yeasst extrect gave the same results
as the detection of the colonies of these fungl by a charac~
terigtic yellow pigmentation of the medium,

In all cases pure fungal cultures are lsclated from the
grown colonies or a monospore oulture 1s obtained, The ilamole-
ted fungal cultures are preserved on solid media in a refri-
gerator.

Pure fungal cultures isolated from food substrates are id-

entified relative to thelr genus and species, The identifica-

tion of the 1solated cultures ias carried out by routine methode

ont standard sclid nutrient media; mainly wort agar and Czapek
medium, according to the recommendations of well-known manuals
(9, 12-15).

Along with the ldentification of the isolated fungal cul-
tures, their toxigenic properties are studied. For this pur-
pose, the fungal isolates are inoculated into a certain natu-
ral nutrient substrate or on an artificisl nutrient medium of
a definite composition and, after lncubation for several days
at & selected temperature, the substrate end the mycelium
gromn on it are examined. The presence of toxic properties
iy investigated biologically on animals, chickén embryos,
tispue cultures, or on other temt objects; also, the toxic .
component is fsolated and its ldentify with kmown mycotoxins
determined by physical end chemical methods. It 1s c¢rucial
at this stage of the analysis to correctly select the pat-
tern for the cultivation of the fungsl isolates whose toxic
properties are under study, so as to ensure favourable condi-

tions for toxin formation.
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Cultivation of Pungal Isolates in the Iaboratory

foxin formation is & complex process. The conditions of
the acocumulation of toxic substantes are insufficiently studied
for many fungi. The dependence of toxin formation on various
factors hag been studiéd by numercus investigators. Much atten-
tion hau‘been payed to physioclogical properties of toxin-form-
ing fungl as well as to the methods . of mycotoxin isclation.
In these ptudies, both aurface and 1n-d§pth mathode of cultiva-
tion on verious nutrient medie {liquid, solid, natural, synthe-
tic) have been employed, It has been formed that fungal toxins
may be detected in the nyqalium, spore~bearing crgans, and the
niutrient substrate whicﬁ lupports‘the development of the fun-
gua, Optimum conditions for growth and toxin formation are not
the sume for different fungi. It has been found that the condi-
tions for waximum aynthesis of & number of toxins do not coin-
olde with the conditions providing for the maximum growih of
the mycelium., It must be stressed that only pure and monompore
fungal cultures are used in all investipgations into the toxi-~
genicity of the fumgi.

Apart from thQ genevio properties of the fungus itpelf,
the basic factors on which the yioldvof toxin depends, are the
nature of the substrate, its humidity, inoubation temperature,
aeration, duration of incubaiion, The best toxin formation in
various fungsl specles and the accumulation of toxins take
place on those substrates on which they developed under natu-
ral conditione: on ocats, barley, maize, wheat, peas, to name

but a few,
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Spore auspensions from pure cultures grown on test-%tube

agar medis are used for lnoculastion. Sterile water or saline
with wetting agents, usually Tween-20 or Tween-80 (0.02 -
0.05%) edded to 1t are employed for preparing s suapension.
The mycelial materisl which 1g introduced either as & small
piece or in the form of a suspension in sterile water or
saline may be used as inoculum as well, The inoculated nutri-
ent media are incubated at temperatures from 20 to 30°C, and
for individual fungel species at lower or higher temperatures.

The duration of cultivation depends on the apecies of the
fungus, bumidity, temperature conditions, and the composition
of the nutrient substirate. 3ome authors recommend the follow-
ing durations of incubation: 20-25 days for Fusarium aﬁd Tri-

choderma 10-15 days for Aspergillus and Penicillium, 15-20
days for Mucor, Rhizopus and Alternaria.‘ror further examina-
tion following incubetion, various extracts are prepared from
the mouldy substrate or a fungal culture grown on & nutrient
medlum is umed.

Agar or liguid artificial nutrient media are also taken
for obtaining toxlc subastances from various fungi., Most fre~
quently used for this purpose are (Czapek-Dox media, Czapek
medium with 2% sugar, a glucose-peptone medium, s medium with
pucroge and yeamt extrsct, and a number of others.

There are two approaches to investigating the toxigenici-
ty of fungal cultures. In the first case, fungal iaclates from
food are studied for their capacity to produce various meta-
bolytes possessing toxic effect towards tiologlical test ob-

jects (animale, chicken embryos, timsue cultures, etc,).
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These studies are not aimed at detecting a strictly definite

group of mycotoxins; they embrace the entire spectrum of to-
xic substancea Tormed by the fungl concernmed. This approach
may be exemplified by experiments carried out by B.Gedek {1)
who has studied the capacity of 124 strains of 10 Aspergillus
species and 13 Penicillium species isolated from grains %o
form toxic metabolytes. The isolated fungal sirains were
Incubeted in & sucrose-yeast medium for 7 days ae 32°C and for
10 days at 22-24°C, Then the fungal cultures were extracted
with chloroform and the extracts were examimed by thin-layer
chromatography for the presence of known mycotoxins. Besides,
the riltrates of the fungal ouitures were tested for toxieity
on tissue culture and chicken embrybs. These experiments have
revealed Tungal atrainsg forming toxiec metabolytes and 5 known
mycotoxine were identified. among them,

The other approach involves the screening of fungal etrains
forming a stricily definite group of mycotoxins. Por carrying
out such investigations, one needs to know the conditions on
which the formation of a given toxin depends, and alsc the
corresponding techniques and methods of cultivating the pro-
ducer fungl, In this oconnection let us take a look at several
patterne of cultivating fungi producing the most widespread

and most intenssly studied mycotoxins.

Aflatoxin-forming Fungi (16,17)

So far the best studied are the factors influencing the

synthesis of aflatoxins by the Aspergilius flavus and_A,para-

liticu fuﬂgin
_i_,e
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In the laboratory these fungl were cultivated on various

natural and synthetic substrates, It was found that toxin
formation proceeds more intensely on natural subsirates: ate-
rile moigtened grains of rice, rye, wheat, peanuts, oats,
seya beans - on which very high toxin ylelds - wers produced.
The fungi are incubated at 24 - 30°C. Before gterilization,
the substrate is moistened with water. Sometimes instead of
water & solution of wmicroelements ls added. \

The maximum yield of eflatoxins was obtained when the
producer fungus was grown under stationary conditiona, although
the growth of the fung! and the formation of arlatoxina'by
them proceed faster during incubation with stirring.

In synthetic liquid nutrient media, the yield of aflato-
xins was considerably lower than on natural substrates. For
obtaining & significant yield of toxims into synthetic media,
1t 1s neceassary to'add a maize {(up to 8%) or yeast (up to 2-
2.5%) extract. Efficient formation of aflatoxins is ensured
by such carbon sources es sucrose, glucose, maltose, glycerol,
and ethanol; 20-30% 1s believed to be the optimum concentra- V
tion of glucose and sucrose,

Among the microalament5 zine 1s of great importance for
the biosymthesgis of aflatoxins. The addition of zinc the syn-
thetic medium at a concentration of 1—25/{3/m1 raises more
than 30 times the amount of aflatoxins formed. The optimum
PH values for X, flavus and A.parasitious are 5.0-5.5,

It mhould be noted that the four main aflatoxins B1,B2,
Gq» &nd G, may be simultaneously produced by one and the same
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culture, Most of fungal strains producing aflatoxin G, also

form aflatoxin By, but not all strains forming aflatoxin B,
may synthesize aflatoxin G, {18).
Aflatoxins belong to the clape of secondary metabolytes,

The onset of aflatoxin synthesis in the fungal culture coinci-
des with the end of the pericd of active mycelial growth and
the beginning of spore formation, Aflatoxins start to be deteo-
ted in the growing culture usually on the 2nd-3rd day of incu-~
bation. During incubation, the amount of aflatoxins in the
fungal culture reaches & maximum, after which it diminishea.
The time of attaininé the maximum amount of aflatoxines and

their total quantity largely depend on the quantity of the
spore inoculum, as we havé demonstrated by the following expe-
riment (19). Definite volumes of spore suapension were placed
into flasks containing sterile moistened grain of rye or
wheat sc that the inoculum would contein 1 spore per gram of
grain in one test and 104'spores per gram of grain in another.
The fungli were incubated at 28°C for 28 days and as they grew,
the content of aflatoxin B, waa determined in the grain by
thin—lﬁyar chromatography, At the pame time we checked mlcro-
scopically the appearance of newly formed fungsl sporea. Afla-
toxins appeared in the grain with the beginning of spore for-
mation and their quantity increased parsllel with the number
of spores in the fungel culture, In flesks with a larger doase
of the inoculum (104 sporea per grem of the subatrate), the
pericd of maximum accumulation of aflatoxin B; coincided with
the period of the maximum spore formation, after which &
gradual decline in the content of aflatoxin B, in grain was
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observed, In flaasks containing grain incculated only with 1

apore per gram of grain, the quantity of aflatoxin B conti-
nued to rise even after spore formation in the fungal culture
had ceased. In this test, the maximum acoumulation of aflato-
xin B1 was reached considerably later but ita yield was 1.5
times higher than for the massive inoculum (see the Table).

In another series of tests steriie rye grain was infected
with different numbers spores of A,flavug and A, parasiticus

4 per 1 g of grain} and the

(from t per 10 g of grain to 10
formation of aflatoxin 31 wae determined in the grain within
14-20 days end within 28-31 days of incubation (20). When

the amount of the inoculum was increased to exceed 102 spores
per 1 g of grain, the yleld of aflatoxin diminished in com-
parison with the grain inocculated with a lower quantity of
spores, Concerning those data, 1t ghould be noted that usual-
ly in studies of toxin tormatibﬁ‘in mouldliﬁngi a rather mas-
sive spore inooulum 1s used containing 10* and more spores per
1 g or 1 ml of nutrient substrate. On the one hand, this
somewhat shortens the period of 1ncubation of the fungal cul-
ture, but, on the other, 1t apparently prevents the obitaining
of a maximum yield of the toxin.

Hoyever, 1t should be said that when soreening aflatoxin-
synthesizing fungal atrai;u.in food and fodder substrates, 1t
is often not so importent to obtain & maximum toxin yield as
to establish the very faot of toxin formationm, loroover, it 1»
vory important to have a rapid high-qunlit; method Zor fel~-
ling toxia-forming strains from non-toxic ones, Por this pur-
pose rapid ‘methods were suggested revealing the formation of
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Table

The Amounts of Spores and Afletoxin .'31 per gram of

Rye and Wheat Grain During Fungasl Growth

Inoculum, Incuba-

number of tion Rye Wheat
spores per time, —~yror ot o YWunber of Amount
g{ncr daye spores flatoxin, spores of af-
1o s
1 2 0 6 0 ¢ 0
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aflatoxins during fungal growth directly in Petri dishes on

media of speclal composition., In these works the property of
aflatoxine to fluoresce under ultraviolet rays was advantage~
ously used, ‘ : .

For detecting setrains producing aflatoxin, Hesseltine C.W,
et al, (21} have suggested a nuirient medium which they desig-
‘ nated APA. Isolated strains of fungl are inoculated into the
center of glass Petrl dishes contaiming this medium and incu-
bated in derkness for 7-10 days at 28°C. Then the dishes with
the culture are examined in a 366 nm uliraviolet light for
blue fluorescence of the agar surrounding the colonles, To
meke sure that the fluorescence around the fungal colonies on
their medium 15 due to the exoretion of aflatoxina, the au-
thora extracted the medium with chloroform and identified myoco-
toxins by thin-layer ohromatography., Thus, the suggested rapid
method 1nc1uded.three stepa: (1)} the growing of the fungesl
sirain oz a special autrient medium and the detection of the
agar Tluorescence around the colonies in ultraviolet light;
{2) the chloroform extraction of toxins from the fluorescing
agar; (3) the identification of afletoxins by thin-layer
chromatography.

Another method wag suggeated by Torrey #.5. eand Merth Z.H.
(22). . These authors grew aflatoxin-producing strains of
A, _flavus and A. paragiticus on & nutrient medium of & special
composition with the additidn of silicic acid, which led to
the formation of & gel. Already at the next day of incubation,
s zone with blue fluorescence in long-wave - - ultraviolet
1light sppeared around the developed fungal colonies.
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The authors hold that élthough the suggested medium is not

optimal for the formation of the maximum gquantities of aflato-
xina, 1t facilitates the detection of a fluorescent zone indi-
cating the presence of aflatoxins in the medium at concentra-

tione above 0.04 micrograms.

Sterigmatocystin-Forming Fungi (16,17)

Asperglllus versicolor which 1s widespread 1n agricultural

products ia believed to be the main producer of sterigmatocys-
tin, The metebolism of this fungus 1s being intensely studied
due to the potential hepatocarcinogenicity of its metabolites.
Sterigmatocystin is formed by this fungus in great amounts on
various nutrient media, both synthetic and natural (on sterile

maize, rice, wheat, etc.),

QOchratoxins-Forming Pungi (23,24)

A group of fungi forming very dangerous ochratoexins not
infrequently attacks agricultursl food and fodder plant sub-
sirates, particularly grain. These fungi have been detected
alao iﬁ peenuts and black pepper. The group of ochratoxin pro-
ducera includes several fungel species from the Aspergillus

and Penicillium genera, including P, purpurescens, P. commune,

P. viridicatum, P. politensg, P. cycloplum, P, varisbile, A,

sulphureus, A, sclerotiorus, A. allisceus, A, melleus, A. och-

raceus, A, ostisnus, A. petrakil, and others. Thege fungi

are very widespread and the hazard of contamination of agricul-
tural foods and fodders is very high indeed.
Though 1t has been established that ochratoxin A nay be
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formed by different mould fungl of the Aspergillus snd Penici-

1lium genera, its main producer is A, ochraceus and P. viridi-
catum, The most toxigenic strain of A, ochraceus ims known as
K-804.

A, ochreceus forms cchratoxin A most intensely in the
temperature 3nterval from 20 to 30°C., The maximum formation
of this toxin ie observed at 30°C and pubstrate humidity 39%.
At lower temperatures (around 15°C), the highest quantity of
ochratoxin A 1s formed at substrate humidity 52% (25,26).

The Penicillium genues 1includes paychrophilic species,

It has been demonptrated that P, viridicatum may form ochra-
toxin A at 5 - 10°C, Therefore the contamination of agrioultu~
rel plant products with ochratoxins in regions with a ocold
tlimate, such as Canada end Scandinavia, 1s due mainly to in-
"fection with fungi of the Penicillium genua,

In the laboratory, A, ochraceus and ?; viridicatum are usu-
ally cultivated on natural substrates, such as sterile grain
of wheat, maize flour, wheat flakes, soya beans, When oultiva-
ted on wheat flakes, the amount of synthesized ochratoxin A
was 239 mg per 1 g of substrate after 17-25 days of incubation,
Proper humidity was maintained by adding 40-70 ml of water
to 100 g of flax. These conditions are regarded to be opitimal
for obtaining ochratoxin A. A, ochraceus does mot grow om or-
dinary synthetic laboratory media, It forms ochratoxin A on
mycological broth with 0.5% of yeast extract and on s medium
with 2% of yeast extract and 15% of sucrose (YES), On the
letter nutrient medimm, 9,0 mg/kg of ochratoxin A were obtained
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by oultivating the M-298 strain of A. ochraceus.

Az a rule, ochratoxin A and B are formed ﬁimultanéoualy
when the fungal growtih attains the logarithmioc phase, i.e.
after 3-4 days of cultivation, and the aynthesis ia complated
within 12-24 hours, In a medium with 4% of pucrose and 2%
of yeanst extract, the yield of ochratoxim A per 100 ml of me-
dium wes 29 mg, If the concentration of sucrose was above &%,
ochratoxin B was synthesised. The best sources of nitrogen
for the synthesais of ochratoxins by A, ochraceus are proline

and glutemic acid, the best source of carbon is sucrose.

Toxigenic Fungi from the Pusarium Genus (3)

The next important group of fungl are thoge from the Fusa-
rium genus which synthesize (zearaslenone (28,29). The produo-
erns of zearalenone are Fusarium minearum, P, tricincium,

P, oxysporum, P, sporotrichioides, F, moniliforme,

It phould be noted that the F. graminearum ' fungue is known
also as the cause of a toxicosls which bears the name of “drun-
ken bread"; the diseape was investigated by Rumsian asclentists
M.S. Voronin, N,A.Pal'chevsky, H,A.Yacheveky, and others.

Different atrains of P, graminearum are distinguished by
their capacity to produce searalenone. ]

Various nutrient media suitable for the formation of
zearalenone and studying its biosynthesis were examined. The
nutrient requirements of Pusarium fungl were studied on such
balanced nutrient pystems as Czapek and Czapek-Dox medis with
20% sucrose and some others. However, the maximum yleld of the

toxin was obtained on molid matural substrates.
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The fellowing pattern of cultivating the F, graminearum
fungus is recommended for the production of zearalenone, Auto-
claved rice or maize in quarter carboys is inoculated with a
suspension of fungel spores. Before autoclaving; walze is moi~
stened to a 45% humidity and rice to a 60% humidity. The cul-
tures are incubated at 24-27°C for 1-2 weeks for the formation
of a sufficlent quantity of fungal biomass and then kept at 12-
14°C for 4~6 weeks to0 ensure a maximum yield of the toxin, It
is presumed that low temperatures ectivate the enzymes involv-
ed in the zearalenone synthesis,

It must be noted that the formation of zearalenone on ste-
rile rice grains is enhanced by the addition of 1% peptone,

Some specles of the Pusarium genus ‘are capable of synthe-
slzing mycotoxins of still another group - trichothecsenes (30).
One or meveral mycotoxins of the trichothecene nature were iso-

lated from the straine of the following Fusarium specles: ¥.

lateritium, F, epiasphae, F. nivale, P. oxysporum, F, rigidigeun-
lum, P, goleni, F. roseum, F. tricinctum {synonym F, sporotri-
chioides), In addition to Fusarium fungi, trichothecenes are
formed alse by fungi of the Cephaiosgorium, Myrothecium, Iri-

choderma, and_Stachyboirys specles.
In order o obtein trichothecene mycotoxins by cultivating

producer fungl in the labo;atory, varlioue modifications of
Czapek~Dox medium and complex nutrient mixtures containing
corn extract, malt or yeast extract, peptonme, minersl salts,
and glucose are usually taken,

For the formation of nivalenol and fusarenon, gterils rice

is used as a medium and for obtaining diacetoxyscirpenol, glu-
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cose and ammonium nitrate are employed.'uost of fungi grow in

an immersed culture for 2 - 4 days at 25°C with aeration and
stirring. However, diacetoxyscirpenol, T-2 toxin, and HT-2
toxin were obtained in a stationary culture. In this case the
formation of trichothecenes takes from 2 to 4 weeks.

The optimum temperature required for the biosynthesis of
mogt of trichothecenes lies within a 24~ 30°C range., T-2 to-
xin, however, 1s an exception, According to a number of au-
thors, the maximum yield of this toxin was obtained at a low
temperature about 8°C, At this temperature, the culture of P,

aporotrichioides, F. tricinctun (strain 63) on rice grain syn

thesiged withln 48 days of incubation 4,500 mg T-2 toxin/kg.

At 14° and 25°C, the toxin in the fungal culture on the grains
of meize, rice, wheat, and barley appesred earlier than at 8°C,
but its coantent in the grain was conaiderably lower (31).

We have succesafully cultivated various strains of F,sporo-
trichioides 1n the laboratory on millet prepared in a special
way: before inoculation it was moistened by adding 50 ml of
water to 100 g of willet. The culture of the fungus on mille}
wes incubated for 7 days at 20-22°C and then kept for another
14 days at 5-7°C. Depending on the sirain, we bave obtained s
high yield of T-2 toxin which in a number of cases attained 3
mg per kilegram of the substrate. There are quite a number
of other mycotoxin-forming fungi with a more limited distribu-
tion. The conditions of their formation are less thoroughly
studied and the literature lacks exhsustive information on
this matter. Of these, we shall briefly lock at four groups
of fungl.
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Patulin-Forming Fungi (32,33)

Patulin has been found in apples, apple juice, rotting
pears, and other stome fruita, in mouldy bread. This mycotoxin
is formed by various fungal species of the Asppergillus and Pe-

nicillium genera, including P. urticae, P, claviforme, P, ex-

pansum, A, clavatus, A. giganteus, A, terreus, and also by

the Byssochlamye nivea specles,

The formation of patulin depends on the astrain specificity,
substrate and temperature, Thus, P, expansum, strain 550, form-
ed 40 pg/ml  of patulin after 12 days of incubation at 4°C
on a mineral salt wmedium with sucrose, At 25°C the same strain
formed patulin in the esmount of only 3/4g/m1. The maximum am-
ount of the mycotoxin (170 ppm) was formed by the P, urticae

fungus strain 512, cultivated on tomato pulp with pH 3.7 at
10°C, At 0° and 25°C the formation of the toxin was negligeab-
le,

Penicillic Acid-Forming Fungi (32)

Penicillic acid is a mycotoxin formed in maize legumes,
tobacco., It possess & carcinogenic effect end is very toxic to
man and animale. Penicillic acld is synthesized by numercus
species of fungi of the Penid¢illium and Aspergillus genera.

They include: P, puberulum, P, stoloniferum, P. cyclopium, P,
madritd, A.thog;;, P,guavolens, P.palitans, P.boarnense, P.madri-
i, A.ochraceus, A.gulphureus, A.guorcinus, A.melleus.

_Optimum conditions for the formation of penicillic acid

by producer fungi appear at 15 ~ 22°C. This toxin was first
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isolated from the culture of P, puberulum grown on maize, The

cultivation of A, ochraceus on g sucrose-galt medium with

glutamic acid gave a 0,7 g/litre yleld of penicillic acid.

Rubratoxins-Forming Fungi {(34)

It ipg at present difficult to evaluate the role of P.
rubrum in the emergence of mycotoxicoses under natural condi-
tions, However, there is no doubt that the strains of this
mould are capable of forming great amounts of toxic metaboli-
tes in the laboratory. It has also been established that these
fungi, isclated from mouldy fooders, are toxic to animals.

The producers of rubratoxips, P, rubrum and P, purpurogenum,

are widegpread in nature. They have been isolated from cereals
and legumes, rice huska, maize, bran, sunflower seeds,

The growth of P, rubrum on simple synthetic media 18 1i-
mited and toxin formation is light. It grows better on com-
plex natural subsirates, First the toxin was lsolated from
the culture of this fungus on a nutrient medium consisting
of ste{l‘ile rice with 1% of sucrosge, A good yield of the toxin
wag ohtained on & gilrred medium contalping glucose and yeast
extract, After 4-6 days of 1ncubatibn, the amount of the toxin
was 220 - 600 wmg/l. All the toxin synthesized by the fungus _
was contained in the cultural fluld. The washed and dried
mycelium was non-toxic to laboratory animals. The initial pH
value of the medium favourable for the growth of the fungus
end the synthesis of the toxin was 3.7.

Rubratoxins as such are not very toxic. However, they

are capable of synergistic ~ffect when given together with
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aflatoxin B1 to mice, Thie observation is noteworthy, since

P, rubrum and 4, flavus occupy similar ecological niches

and are frequently ilaclated together from mouldy foecds.

Luteoskyrin Producer (35,36)

One of the fungal specles that were ldentified in the
1940's as being responsible for the yellow rice disease, is P.
islandicum, Apart from luteoskyrin, this fungus alsoc forms
(potentially carcinogenic mycotoxine, such as islandiotoxin,
ruguicaine and cyclochlorotin, as well as a number of other
toxic metabolites.

Luteoskyrin i1s readly formed during the growth of & oul-
Yure in the laboratory both on synthetic Czapek wmedium and on
sterile grains of rice, wheat, oata, soya beans, and maize,
The yield of the toxin obtained on rice reached 430 mg/kg of
substrate.

It i1p more difficult to obtain islandotoxin. The highest
yield of this toxin was obtalned on spring red wheat to which
proline and potagsium chloride were added.

With this we shall conclude our exsmination of the special
features of laboratory cultivation of fungal cultures forming

the most dangercus and best-studied mycotoxins.
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