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Ahstract - Afiatoodn contamination of food and feedstus is a
sertous economic and lealih hazard, Over @ period of twoe years,
35 samples of raw pisiachio nuts collected from different parts af
Iran were aralysed for the presence of aflatecigenic straing af
the Aspergilius flavus group, Eighty-five isolates of A flavas and
A parasiticus were fdentified based on specific yellow-orange
pigment production in the reverse of the eolonies on Aspergillus
[flavus and parasitices ager (AFPA) medium and microscopic
criteria, These isolates were presenf fn 65.71% of the sumples
artd their aflatoxin-productng ability way exomined, At fiest, 12
oret of the 15 aflatoxin-producing iselites weve selected bused on
bright blue [Tuerescence colour on aflatoxin-producing akility
{APd) medinm. Later, all of the iselates were identified after
ctelturing on sucrose-low sl [(SL5) medinm, Furthermore,
aflatoxin production on APA and SLS medic was confirmed
when Hie mycelia and media were exiracted and analpied for
affetodns an TLC plates. Aflevas straing produced  mainly
aflatocin B with concentrations ranging from 627 to 149 ppig
aof APA medinm, where as Aparesiticus strain produced all four
aflataxing (B, By, G, and &) with 3.71 pg aflatoxin Hig af the
medium. [wolater other than Aflaves and A.parasitices growe
this specific culture medivm  foiled o produce a
charaderistic fluorescence wnder UV lght. Evidences from this
sty indicate Mt fluorescent production vn APA mediurm is a
relichle  sereenimg  dedt for  distinguishing  potentiol
afluorin-producing strains of A floves and A parasiticus from
rortfaripenic streing.
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INTRODUCTION

Aflatoxdns are secondary metabolites produced Ty
certain strains of the common moulds Aspergillus
flavus, Aspergilius parasiticuns, Aspergillus nomivs and
Aspergillus tamarii (1-3). These toxins with polyketide
origin (Fig. 1) have been reported to be highly toxic,
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leratogenic, carcinogenic and mutagenic agents, which
accur paturally in a wide variety of feed and feedstutts
(4,5). Under favorable conditions, toxigenic fungl grow
on varions agricultural commodities and  produce
mycotoxing e.g. aflatoxing (6,7) Cutberaks of aflatoxin
poisoning  in human  {liver cancer) and  animals
(decreased weight gain, hemorrhaging and suppression
of the immune system) are closely related to
consumplion of foods and feeds contaminated wilh
aflatoxin-producing steains (8).

Dilferent aothors have reported a number of
screeming methods  for  the  detection of
aflatoxin-producing moulds and _most of them  have
used various media, large cultures and long incubation
perinds, which can invalve considerable time, work and
expense (9). These methods can be mainly divided in to
three groups. The first group includes  standard
methods which are based on toxin production on both
liguid or solid substrates, followed by purification
procedures  and  final  detection by thin-layer
chromatography — or  high  performance  liguid
chromatography (10, 11). In the second group, a small
agar plug from a pere mould cullure is used directly to
apply the sample onto TLC-plate {12). Although this
method is simple, it has disadvantages such as scattering
of fungal spores during the operation. The third group
includes methods for the detection of fluorescence from
aflatoxins in liquid culture or an agar plate under the
ultraviolet  (UVY light  [13-18). Generally, classic
analytical methods are expensive and need sophisticated
cguipments and rake Jong period of time for setup.
However, screening of the fungi directly on a culture
medium is simple and relatively fast procedure.

This study was undertaken to develop a method
hased on the formation of bright blue fluorescence of
the agar medium surrounding colonies under UV light
that would allow the rapid, rebgble and unexpensive
detection of aflatoxigenic isolales among a  diverse
groups  of fungl. In order to screen potential
aflatowin-producing fungi on Iranian pistachio samples
paturally contaminated with aflatoxin B, we have
prepared a specific culture medium known as APA
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Fig. 1. Polyketide origin of aflatoxin biosynthesis, [Uis perposed that faiy acid synthase (FAS) enzymes synthesize the hexanoyl
starter anit (in blue) to which a polyketide synthase (PES) homologates malonyl units (in red) to initiate anthrone formation and

atlatoxin bicsynthesis (4)

1; primary intermediate, 2; anthrone, 3: norsolorinic acid, 4; averufin, 5; aflatoxin By

This medium is made up of ingredients which give blue
Muorescence with aflatoxing secreted in the surrounding
medinm.

MATERIALS AND METHODS

Microorganisms

A total of 84 isolates of Adflavus Link and one
molate of Aoparasiticus speare together with other
isolates listed in Table 1 were cultured and analysed for
their aflatoxin-producing ability. All of the isolates were
isolated from samples of pistachio nuts determined w
be contaminated with  aflatoxin B, Likewise, A
parasiticus NRRL 2999, aflatoxin producer and A
flavus NRRL 3537 an aflaloxin-nonproducing strain
were grown and extracted for aflatoxins as reference
contral strains.

Media

Primary isolation of fungal genera and species from
pistachio nuts was done using three different common
media including; Dichloran-rose bengal chloramphenicol
agar (DRCA), Czapek-dox agar (CDA) and Sabouraud
dextrose agar (S1A).

One-hundred  seeds of each sample were  taken,
superficially sterilized with a solution of 0.4% sodium
hypochlorite for 2 minute and subsequently washed
three times with sterile distilled water, These seeds were
then placed under aseptic conditions in mentioned
culture media (8 seeds for each petridish) and
incubated at 28 °C for 3 o 7 days.

A selective medium as Aspergillus  flaves  and
parasiticus agar (AFPA) was used for rapid detection of
Aflavus and A.parasiticus among the members of the
fenus Aspergillus (19). These species could produce a
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persistent bright yellow-orange pigment, near Cadmium
Yellow under nonsporulating colonies (Fig. 2) The
composition of the medivm s given in Table 2. The
isolates were cultured on AFPA in plates and incubated
for 42-48 hour at 30 " C. Specific pigment is produced
as a resull of the reaction of aspergillic acid or
neoaspergillic acid  from the solates with o ferric
ammonium citrate of the mediom. Final identification
of Adlaves and Aparasiticus as species among the
Aspergilli were done according to the macroscopic and
microscopic criteria (200,

Aflatowin-producing ability {APFA) mediom was uscd
m sereening the mould isolates [Or their allaloxigenicily
{21} The composition of the mediom is summarized in
Table 3. To assay the afatoxin produection, five
microliter  of spore  suspension  (approsimately 500
conidia) was inoculated at the center of APMA medium
in 4 glass petridish and ineubated al 28 °C in the dark
far 7 o 10 days. Plastic dishes are not suggested
because  of  their  interference  with fluoreseence
procduction. Isolates of Adflaves and Aparasiticus were
alse sercencd for their aflatoen-prodocing ability by
using  the semimicrn culiure  technique  with some
modifications (223, Caltures were inoculated in 10 ml of
sucrose-dow salls (SL5) mediom on 50 ml erlenmiéyer
flasks and incubated for 8 davs at 28 * O before the
extraction process.

LExtraction and assay of allatoxing

Total content of APA medium (about 200 1)
showing blue tfluorescence was removed and omxed with
S0 ml of distilled water and then homogenized 3 times
each time for about 2 minute in & Heidolph DIAX 600
hemogenizer. The agqueous slurry was extracied for 10



Fig 2. Intense yellow-orange reverse columtion in colomes of
Aflavus and Auparasiticus on AFPA medium

minute by mixing with 20 ml of chloroform. The
mixture was then centrifuged, and the chlorofurm layer
{lower phase) was separated and retamed. Firllenwing
the incubation period required for aflatoxin biosynthesis
on SLS medium, flasks were subjected to a very short
heat treatment at a temperature of 121 °C to kill the
mould, Aflatoxins were extracted from mycelia and
media with hot chloroform (35 ° C). The chloroform
fractions obtained from  cach culture media were
poaled, fllered and concentrated near 10 dryness using
vaccum evaporator apparatus (Heidolph 'WBE 20007,
Residues were dissolved in a known volume ot
chioroform and analysed by TLC technique on 20 X 20
em silica gel precoated aluminium sheets (E. MERCK).
The plates were developed using two different sabvent
systems known as chioroform-methanol (98:2, volivol)
ot acetone-chloroform-water (12 88:15, valivolfol).
Aflatoxin spots were observed under UV light and then,
for quantitative analysis, TLC plates were scanned with
a Desaga CD 60 fluorodensitometer by comparison of
samples with different dilutions of aflatoxin B, reference
standard run on the same plates. Visualization of the
spots was performed by spraying the plates with 25%
sulphuric acid.

RESULTS

A total of 35 Iranian pistachio nul  samples
determined o be contaminated with aflatoxin B, were
examined fur the presence of fungal genera and species
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specially members of the genus Aspergillus. Based on
the macrascopic and microcopic criteria, a total of 166
isalates belonging to 8 genera of the fungi were jsolated
from nuts (Table 1) The frequency of fungal
contamination  of nuts with  genera Aspergillus,

Penicillium  and  Alternaria was  greater than other
isolates. Table 4 shows the results of the specific blue
Huorescence production of selected isolates on APA
medium under UV light as a preliminary screening
assay of aflatoxin production. The results clearly showed
that only 12 out of the 85 Aflavus and A, parasiticus
strains were fluorescent or APA-positive (Fig. 3).

Fig. 3. Colonies of aflatoxin-positive (A} and
allatesin-negative (B strains of Adflavus and Acparasiticus on
aflatoxin-producing ability (APA) medivm under LTV Light
showing characteristic fluorescence of agar surrounding the
aflatoxin-producing straim.

These strains were designated as aflatoxin positive
on  APA  medium  after  confirmation  with
complementary analysis. Aflatoxin production of these
strains was directly observed on TLC plates (Fig. 4).
The pattern of aflatoxin production on TLC plates by
Adflavus and Aparasiticus strains was different, TLC
chromatograms showed (hat four different naturally
oecuring aflatoxins known as B, B, Gy and G, were
produced by Aparasiticus strain, whereas toxigenic
strains of Aflavus produced only B group of allatoxins
(Table 5). The presence of aflatoxin B, was confirmed
by its R, value which was comparable to aflatoxin B,
standard {Fig- 4). The amount of aflatsan B, praduced
by A.parasiticus strains on APA medium was highest
among all of the isolated (3.45-3.71 pgfp mediom). It is
interesting 1o note thal Aparusiticus isolated  from
pistachic (number 14) can produce even more aflatoxin
B, than the standard strain (NRRL 2999) on APA
medivm, A nonloxigenic standard strain of  Alavas
MRREL 3537 was grown and analysed for allatoxin
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Table 1. Frequency of nccurrence of principal fungal genera Tahle 2, The composition of Aspergillus fhavas and
and species in pistachio nuts parasiticus agar (AFPA) medium (19)
No. of [No. of pasitve | Percent of Peptone, bacteriologicnl . W
Moulds isnlates samples contaminated Yeast extract 20 g
samples Ferric ammonium citvite: ns g
Aspergillus avus a4 L] 65.71 Chloramphenicol 10 myg
Aspergillus parasiticus 1 1 .85 Agar 15 ¢
Aspergillus niger 15 & 2LH5 Woater, distilled 1 e
Aspergillus tamardi 3 857 Dichloran 2 mg (2% in
Aspergillus ochraceuy 1 1 285 enthanal, L0 ml)
Aspergillus clavatus 1 1 283 . Initial pH of the medium was 6.2,
Aspergillus spp. 2 2 5N
Penicillium spp. 18 15 42,83
Fuzarium spp. 8 5 14258
Acremonium spp. s 2 571 Table 3, The composition of allatexin-producing ability
Cladosporiun spp. 3 K LAY [APA) medium [21)
Alternaria spp. 12 4 2571 Distilled water 1 lire
Rhizopus spp. 9 & 1185 (MH,) H,PO, 1 g
Mugor spp. 3 i 14.28 BP0, ¥
MgS0,. TH,0 0s g
K7l 0nig
Fesil, '.-'I'[:ﬂ‘ il g
Sucrnse KT
Hgll, SX1d M
{jnrj]-ﬂ:mtp liquert 0.5 g
Agar 2 g
a. Imf[ adjusted 1o 5.5 with 1N NaOll hefore the addition of
AL

h. prepared in our laboratory from fresh corn.

Table 4. Production of bloe Fluorescence on AA
medivm and assav of its correlation with TLC resulis
g Mo, of | Moo of ~ Mool
Mo leds cxpmined | [luorescent aflatoxin

sirains strains  Iproducing sirams
o APAon SLS

Y [l 7]
1 | L

Aspergillus Havus |
Aspergillus parasiticus
Aspergillus niger
Aspergillus tamarii
Aspergilles nchracees

Aspergillus clavatus
Aspergillus spp.
Penicillium spp,
Fusarium spp.
Allernana spp.
Mucer spp.

Acremonium spp.
Rhizopus spp.
Fig. d. TLC analysis of chloroform extracts prepared from Cladosporium spp.
the agar surrounding the mowld colonies as described n
Materials and Methods. The chloroform exivacis developed : b
by TLC and photographed by fluorescence. 1; allatoxin B _T |_1-'|f|-?_ill_|_'_-“”
{standard}, 2; Adlavus H, 3 !Lpard,sili.cus 14, 4: A.parasiticus adv Known toxigenic strai
NRERL 2999, 5 Aflavus NRRL 3537,

F.gramincarum?
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Tauble 5 Production of aflatoxin by Auflavus snd Aparasiticus isolates on APA and 513 media and assay of its concentration smd

Muorescent production on APA medium

lsolate

Aspergillus | Toxin identified on [Concentration of AFT, Fluorescence
numher species | AFA sls (pefz APA medivm) on APA
By B, G, G, | B B Gy Gy
2E95 Aparasiticus NRRL + + 4+ +| ++ + + 345 ¥
34937 Aflavus NRERL -
14 | Aparasiticus spearc + o+ + | o+ o+ M &
59 | Adlavus Link + 4 + + 1.49 +
33 Acdlavus Link + + 1.24 +
A Tavos Link + 4 + + 11 +
7 Allavus Link + + 1.12 +
13 Auflavus Link + + LR -
16 Acflavus Link + + (.68 +
75 Aoflaves Link | + + 0.57 +
14 | Aflaves Link 1 + 051 +
ah | Adlavos Link + i 042 .
2 | Afevos Link + I. + 037 +
i1 Actlavus Link + + + + 021 +
43 A lavus Link + =
31 Auflavus Link + - g
48 A lavus Link + + - =
AlA - Allatosin-producing ability medium AF: Aflatoxin 515 : Sucrose-low salts medium

production and used as a negative control strain. This
strain and all of the other aflatoxin-nonproducing
strains isolated from pistachios did not produce any
fluorescence on APA mediom (Table 4). In order o
further evaluate the UV test results, all of the APA
nepative strains of A flaves were grown on SLS mediom
which supports aflatoxin hiosynthess and then analysed
for aflatogin production by TLC, The results showed
that only 3 out of the 73 APA-negative strains gain the
ability 1o produce aflatoxin (Table 3).

DISCUSSION

A wide range of the [ungl ate broadly distributed in

the envionment  which  have  the  capabilily to
contaminate  many  agricultural  commodities.  For
tomigenic  fungi, this contamination leads o the

oceurrence of certuin mycotoxins in final products. The
inereasing significance of myeotoxins as polential public
health hazards has sroused mterest in the cxamination
of certain foods and feeds for the presence and
incidence of moulds and their ability to prodoce
mycotoxins,  Aflatoxin contamination  of food  and
feedswuffs particularly in a large consignment could be
determined vsing several spproaches,

Chromatographic procedures such as HPLC used
[or the final gquantitation of allatoxing are gencrally

Tl

tedious, expensive and time consuming. In addition,
they reguire careful sampling and solvent extraction
steps perior o analysis. Isolation of allatoxin-producing
fungi from suspected foodstuffs and identification of
their ability to produce aflatoxing using fast and reliable
mycological methods under laboratory conditions could
be used as a preliminary screening test perior (o
chemical analytical methods. One of the considerable
advantages of these methods is that early exposure of
foudstulls with aflatoxigenic  fungi could be casily
dercrmined which indicate the predisposition of these
materials o aflatoxin contamination.

In present study, the mycoflora of pistachio nuts
with special reference on  aflatoxigenic  fungl were
determined using pencral and specific culture media, Al
first, the Aspergili were separated from other fungal
genera. Later, strains of Adflavus and Aoparasiticus were
identificd und then grown an @ specific culture medium
known  as APMA medium for evaluation of  their
aflatoxigenicity.  Aflatoxin  production  was  primarily
noticed by the change in colour of the mediom
sarrounding colonies a3 a bright blue  fluorescence
under UV [fight. Further experiments based on
chromatographic analyses e, TLC were carried out o
confirm atlatoxin-producing ability of the strains.

Warious fungal penera and species were isolaled
from the samples of pstachio nuis as summarized in
Table 1. In addition to the presence of ioxigenic
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Acflavus strains, many other species belonging to the
genera Penicillivm and Fusarium isolated in this study
could  Be  polentially mycotoxigenic, 11 has  beoen
established  that  the isolates of  Adlavas  and
A.parasiticus vary greatly in their ability 1o aflatoxin
production  (23-26).  However, about  one-thicd
(30-400%) of the naturally occuring Adlavus strains
solated  from agricullural  commodities are  usually
aflatoxigenie (27}, In the present sludy, 17.6% af the
isoltes were capable of producing aflatoxing oul of
which approximutely 0% had been able w0 produes
specific blue flucrescence on the APA medium under
LA light, Under different eonditions using other food
products, investigators could idenufy berween 30 o
67% of the aflatoxin-producing sirains based on their
blue fluorescence criteria on the APA medicm (28).
Fortunately, we did not come across with strains which
grve false  positive results on the APA  medium.
Herwever, others reported that some fungal metabolites
such  as  asperoptering A or B, favacol  and
deomy-hydrosyasperpillic acid might contribute 1o blue
floorescence  production (29, 30, Furthermore,
exumined strains other than Aulaves and A parasiticus
could not peoduce blue floorescence on the APA
medicm as shown in Table 4,

These data clearly indicated the specificity of APA
medium  to identify ooly  aflatoxin-producing strains
among various toxigenic and nonloxigenic fungal peners
and species, The possibility of converting low aflatoxin
producers  so called  APA-negative 10 potential
allstoxin-producing  strains on SLS  mediom  which
supports  aflatoxin  biosynthesis  was  also  examined.
Amuong #5 isclates studied, only 3 false negative isolates
were identified,

Rricfly,  Dblue  fluorescence  production by
aflatoxigenic strams on the APA medivm is due (o the
ingredients known as corn steep liguor and HgCl, (21,
31, 32). These compounds may enhance the
accumulation of allaloxin precursors by hlocking various
engyme  systems (21, It i clear that  assay  of
fluorescence  production on APA medium can not
facilitate the jdentification of every aflatoxin-producing
isolates bul undoubtedly, strong producers will always
be o discovered. Finally, it is  copcluded  that  the
observation of blue fuorescence on APA medium
provides a simple, reliable and relatively fast way of
preliminary screening of a large number of moulds for
their aflatoxin producing ability.

Acknowledpement

The suthors are grateful 1o Mr. Sadeghi from Slide
Hoeuse of Iran for excellent photographs, o Mrs,
Veeeer tor guantitative TLC anabyses and o Mrs,
Magabhi from  Institute  of standard and  Industrial
Hesearch for pistachio samiples.

72

REFERENCES

A
aflatoxin-producing fungi and their impact on crops, In
Mycotaxing in Agricoltural and Fuaod Safeiy, ( KE. Sioha. D
Bhatnagar, Eus), pp. 279-300, Marcel Dokker e New York,
1 EHIH,

1. Payne, process ol contamination by

& Rurtzman, CF, Horm, BW and Hesseltine, UW. Aspergillus
BOHLUS. 3 new aflataxin-producing species related 1o
Aspergillus flavos and Aspergillus lamari. Antonic Van
Lecuwenhoek., 33(3); 147, 1987

3, Goto, T, Wicklow. OT
Cyclopagzanic acid production by a sclerotium-producing

and lto, Y. Aflatexin and
Aspergillus tamarin Strain. Appl. Environ, Micrabiol, 62
A6, 109,

4. Watanabe, C.MH, Willson, [, Ling, JE, and Townsend,
Cau Demonstration of the catalytic roles and evidence lor the
physical association of 1ype 1 fatty acid synthases and o
plovketide synthase in the binsynthesis of aflatoxin [,
Chemistry & Hiology, 3 463, 199,

S.Minte. REand Tewnsend CAL Enevmaology and molceular
biology of allatogin Fosynihesis, Chemicn] Reviews, 97; 2337,
19497,

G Wiseman, DW, and BMarth, EHL Growth and allatoxin

priuduction by Aspergiius parvisiticus when in (he presence of

strepiociecns [actis, Mycopathologia, 250 4%, 191

T Frank, HE, IDiffesion of allatexing in faodstudTs. 1. Food,
Sci. 33 03, 1968

&, Brown, MI', Brown - Tenco, C5 and Pavne. GaAL Genetic
and molecular analysis of aflatoxin biosynthesis. Fungal
Crenetics and Riology, 26; 81, 1999,

9, Dicner, UL and Davis, N In: Gallbilatt, LA (e
Allatoxins: Scienlifie ackground, control and implication.
Academic, Mew York, pp 1345, 1969,

v, Association of Official

100 Association ol ficial Analvtical Chemists, Ol

methods of analysis, 447 141k
Anabvtical Chemists, Arlinglon, Va, |95,

[l Manabe, M, Ciotn, T and Matsuura, 50 High-perfarmance
liguid chromategraphy of allataxing wilh (uoreseenee
2R3, [9TR

detection. Agrie. Biol. Chem., 43

2. Filtenboryg, O and Frisvad, IC,
method For tewicogenic maowlds in pure cultures. Lebensm.
13; 128, 190,

A simple screening

Wiss, Technol,



13, Dyer, 5K and Mc Cammon, 5. Detection of toxigenic
inclates of Aspergillus flavus and related species on coconut
cream agar. I Appl. Bactenol. Ta(1); 73, (1994).

14, Cutuli, MT, Cuellar, A, Camara, M, Mateos, A and
Suarez, G. Different media and methodologies [or the
detection of aflatoxin production by Aspergillus flavus strains
isolated from rout fesd. Mycopathologia, 1T302): 121, 19491,

15. Lee BG and Townsley, PM. Chemical induction of
mutation or variation on aflatoxin producing cultures of
Aspergillus Navus. | Food. Sci. 33; 420, 19608,

16, Bennett, W and Goldblote, LA, The isolaton of mutants
of Aspergilivs flaves and Aspergillus parasiticuswith altered
allatozin producing ability, Sabouraudsa, 17; 233, 1973,

17, de Vogel, I, van Rhee, R and Koclensmid, WaAABR. A
rapid screening test for aflatoxin-synthesioed aspergilli of the
Mavus-orveae group. I Bacterinl, 28; 213, 19035,

L&, Diavis, NI, Iver, SK and Diener, UL, Improved method
ol sereening for aflatosin with a coconut agar medivm, Appl,
Environ. Microbiol, 54; 1593, 1987,

19 P, J1 Hocking, AD and Glenn, DRI An improved
medium for the detection of Aspergillus flavus and
Acparasiticus, Appl. Bactericel., 54; 109, 1953,

20. Raper, KB and Fennell, DI, The genus Aspergillus, The
Will and Wilk Co., Ballimore, pp. 259-272, 1965,

21. Hara, 5. Feanell, DI and Hesseltine CW.

Allatoin-producing straing of Aspergillus flavus detecied by

flnarescence af agar medium under ultraviolet hght. Appl.
ficrobiol., 27; 1118, 1974,

22 Bcotr, PML. Lawrence, JW and Walbeek, W, Detection of
myentoxins by thin-laver chromatography: application to
sereening of fungal sracts, Appl. Microbiol, 20; 839, 1970,

I3, Lee, YW, and Kim, J1G. A study on the isolation of
allatoxin-praducing straing from agriculiural prodocts in
korea, Asia, Pac, 1 Public Healih., 6047 179, 1993,

Acta Medica Tranica, Vol 38, No 2 2HH)

24, Abarca, ML, Bragulat, MR, Castella, G and Cabanes FIL
Mycollora and aflatoxin-producing strains in animal mixed
feeds, I Food, Protec., 5703 256, 1994,

25, Jimenez. M. Mateo, R, Querel, A, Huerta, T and
Hernandes, . Mycotoons and mycoloxigenic moulds in nuts
amd sunflower sceds for human consumption.
Mycopathologis, 115; 121, 1991

26, Lillard, HS, Hanlin, R'T and Lillard, DA, Atlatoxigenic
isolates ol Aspergillus flaves from pecans Appl. Microbiol,
128, 1970

27, Richard, JL. Bhatmagar, D, Peterson, 5, and Sandro, (3,
Assessment of aflatonn and cyclopiazonic avid production by
Aspergillus flavus isolates from Hungary. Mycopathalogia,
120 L83, 1992

28, Cvetnie, & and Pepelijnjak. 5. Allatoxin-producing
potential of Aspergillus avus and Aspergillus parasiticus
isolated from samples of smoked -dried meat. Die Mahrung..
39: 302-307, 1995,

29, Kaneke, ¥ and Sanada, M. Studies on the fluorescenl
suhstances producd by Aspergillus fungi: VIIL Purification
and isolation of asperopterin B and chemical properties of
asperapterin B and AJ. Ferment, Technol, 47:8, 19a6%,

30, Yokotsuka, T, Sasaki, M, Kikuchi, I, Asaw, Y and
Mobuhara A, Studics on the compounds produced by moulds
Part 1. Fluorescent compounds produced by JTapancse
industrial moulds, Mippon MNogei Eagaka Fasshi, 41; 32, 1967

31. Codner, RC, Sargeant, K and Yeo, R Production of
aflatoxin by the culture of strams of Aspergillus favos-oryzae
on sterilized peanuts, Biotechnel, Bioeng. 50 185, 1963

32 Schroeder, HW. Effect of corn steep liguor an myeelial
growth and aflatexin production in Aspergillus parasiticus.
Appl. Microbwol, 14 381, 1966,



