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As Cll/zens, unaware of all we are eating, we would
rather be safe than sorry, and naturally applaud the steps
taken to protect us.

As producers, manufaclUrers, processors or purveyors
of human foodstuffs, we have certainly been put on a spot
from which doubtless we will continuously strive to
extricate ourselves. In order to do so we must either prove
that mycotoxins are not toxic to man, or ensure the
quality of our wares.

As medical men, we have numerous questions to pose,
to which we seek answers based upon fact rather than
fancy. Moreover, as medical men we believe that in this
country there are unique opportunities to provide just
those answers. given the modest sums of money such
research unfortunately requires but which are often so
difficult to obtain.

And, lastly, as sciemists, we want to know the truth,
irrespective of how it is to be applied. For only by
providing the truth can we extricate both our Government
and ourselves from our present unhappy predicament.

It is in this context, namely the hazards of fungal
metabolites to humans, that a symposium such as this is
not only timely, but pregnant with opportunity to clarify,
to inform and to advise.

In conclusion may I emphasize that what Or. Quass
has said is no overstatement. Anyone present who wishes
to be fully informed of the facts of what is really a very
hot silUation should make every effort to be present
tomorrow.

How hot the silUation is, is proved by something Or.
van der Wait has just brought to my notice. He informs
me that the Netherlands Government has adopted the
policy that 'until the contrary is proved, aflatoxin even in
very small dosage shall be considered to be extremely
harmful to man'. You can therefore appreciate how close
is the scrutiny of our exported cereals by leading overseas
importers, and that any cereal leaving these shores will, if
significantly contaminated, do irreparable harm to our
good name abroad.

A. HUMAN AND NUTRITIONAL ASPECTS
A. MENSLIKE- EN VOEDINGSASPEKTE

GIFTIGE SKIMMELMETABOLIETE

K. J. VAN OER MERwE, DR. RER NAT. GOTTI 'GEN, Nasiona!e Chemiese Navorsingslaboratoriul11, Pretoria

wat deur die skimmel Penicillium islandicum gevorm word
en hoofsaaklik vir die giftigheid van sg. Islandia geeI rys
in Japan verantwoordelik is. Drie van die boustene in
hierdie molekuul is van 'n baie buitengewone aard. Be
handeling met 'n baie verdunde ammoniak oplossing ver
wyder die chloor atome en ontneem die stof sy giftigheid.

Verdere voorbeelde word in Afb. 2 uitgebeeld. Sporides
min, 'n ingewikkelde organiese molekuul wat beide chloor
en swawel bevat, is 'n hepatotoksiese metaboliet wat deur

Alhoewel dit reeds vir meer as 70 jaar bekend is dat
skimmels tot die vorming van giftige metaboliete in staat
is, was die verband tussen hierdie gifstowwe en sekere
siekteverskynsels, met die enkele uitsondering van ergotis
me, in die algemeen nie erken nie. Oit is vandag moeilik
om te verklaar dat, nieteenstaande die ontdekking van 'n

. groot aantal antibiotika uit skimmels, geen sistematiese
ondersoek na die effek van skimmelmetaboliete op die
gesondheid van hoer organismes uitgevoer is nie.

Die onlangse ontdekking van die aftatoksienprobleem en
d;e besef dat daar in alle waarskynlikheid ander giftige
skimmelmetaboliete van vergelykbare beJangrikheid mag
bestaan, het nie alleen wereldwye belangstelling vir die
probleem van mikotoksikose uitgelok nie, maar het tot 'n
grootskaalse soektog na nuwe giftige skimmelmetaboliete
gelei. Voor 'n bespreking van werk wat in hierdie verband
aan die Nasionale Chemiese Navorsingslaboratorium ge
doen word. is dit wenslik om enkele chemiese aspekte van
mikotoksikoses, wat by 'n sodanige ondersoek van belang
is, aan te dui.

Chemiese Strukture
Die chemiese strukture van n aantal bekende mikotok

siene word in Afb. I weergegee. Dit wissel van relatief
eenvoudige stowwe soos die oksalaat-ioon (volgens litera
tuur, o.a. vir die giftigheid van Aspergillul" niger verant
woordel ik) en j3-nitropropioonsuur Cn kankerverwekkende
gifstof wat deur verskillende skimmels gevorm word) tot
ingewikkelde molekule soos byssochlamiensuur en die
peptied-agtige islanditoksien. Byssochlamiensuur. wat 'n
relatief ongewone negelid ring en twee anhidried groepe
rings bevat, word deur die skimmel Paecilomyces varioti
gevorm en staan in verband met s~. haemorrhagiese siekte
by kuikens. Islanditoksien is 'n kankerverwekkende stof
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gevind dat geen van hierdie gifstowwe by gewone kamer
temperatuur gevorm word nie, maar wel wanneer die
skimmel by lae temperature, veral rondom Doe groei. Van
die gifstowwe is so stabiel dat dit na 6 jaar nog in opge
bergde graan voorkom en ook nie tydens die bak van
brood vernietig word nie.

og 'n voorbeeld word in Afb. 4 aangetoon. Dikumarien

Liserqiensuur

Afb.2

Sporidesmin
(Pithomyces chortcrum)

die skimmel Pi/homyces charIarum gevorm word en vir die
voorkoms van sg. ,facial eczema' onder skape in ieu
Seeland verantwoordelik is. Een van die beter bekende
voorbeelde van mikotoksikoses onder mense is ergotisme,

n toestand wat sporadies in Sentraal en Noord-Europa
aangetref is en nog so onlangs as 1953 as 'n epidemie in
Frankryk gerapporteer is. Dit volg op die gebruik van brood
be rei uit rog waarop die skimmel Claviceps purpurea voor
kom. Die aktiewe komponente is alkalolede wat afgelei kan
word van die basiese skelet lisergiensuur.

Hierdie voorbeelde toon dat mikotoksiene nie tot enige
bepaalde klas van organiese verbindings behoort nie, maar
chemies grootliks van mekaar kan verskil. Dit verklaar nie
alleen gedeeltelik die uiteenlopende aard van siektever
skynsels wat hul veroorsaak nie, maar maak dit onmoont
lik om in die geval van 'n onbekende mikotoksien vooraf
die geskikste isolasieprosedure te bepaal. Sodanige metode
kan slegs uit 'n sistematiese ondersoek, waarin elke stap
van skeiding met behulp van giftigheidsproewe gevolg
word, verkry word.

Die konsentrasie waarin mikotoksiene op skimmelbe
smette voedsel aangetref word, is gewoonlik in die orde
van een deel per miljoen en laer. Alhoewel dit vandag met
behulp van moderne chromatografiese skeidingsmetodes
moontlik is om die gifstof selfs by hierdie groot verdunning
te isoleer, is die opbrengs uit hierdie bron gewoonlik ontoe
reikend vir 'n uitgebreide chemiese en toksikologiese onder
soek. Daar word dus in die reel gepoog om reeds op 'n
vroee stadium van die ondersoek verskimmelde materiaal
van 'n hoer giftigheid met behulp van suiwer skimmelkul
ture in die laboratorium te berei. By sodanige stap moet
egter in gedagte gehou word dat die veranderde toestande.
waaronder die skimmel in die laboratorium gekweek word,
gifstofproduksie in sommige gevalle sterk kan beinvloed.

Omgewingsjaktore
Die invloed van omgewingsfaktore op gifstofproduksie

word duidelik in geval van die sg. ,alimentary toxic aleukia'
geIllustreer. Hierdie siekte, wat veral tussen 1942 en 1947
onder mense in Rusland voorgekom het. het sy toppunt in
1944 bereik toe dit in sekere dele van die Orenburg distrik
vir sterfte van meer as lOo~ van die bevolking verant
woordelik was. Dit volg op die gebruik van brood berei
uit graan wat geruime tyd deur sneeu bedek was en deur
die skimmels Fusarium sporo/richoides, Cladosporwn epi
phylum en Cladosporum jagi besmet is. Die gifstowwe wat
die siekte veroorsaak, word in Afb. 3 aangetoon. Dit is
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is die mikotoksien wat vir die sg. haemorrhagiese soet
klawer vergiftiging onder beeste verantwoordelik is. Dit
word deur 'n Aspergillus uit kumarien gevorm, 'n stof wat
in die klawer self voorkom. Daar die skimmel self geen

Die Aflotoksiene

kumarien kan sintetiseer nie, is mikotoksienproduksie
streng van die teenwoordigheid van kumarien in die
voedingsmedium afhanklik.

Die giftigheid van mikotoksiene is nie noodwendig altyd
tot mens en dier beperk nie, maar affekteer soms ook die
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groei van mikroorganismes of piante. Dit word weerspieel
in die feit dat sekere antibioties-aktiewe stowwe, wat ge
durende die soektog na antibiotika gevind en as te giftig
bewys is, vandag van ons bekende mikotoksiene is. 'n
Enkele voorbeeld hiervan is patulien (Afb. 4), 'n bekende
antibioties-aktiewe metaboliet uit Penicillium urticae wat
verantwoordelik is vir moutvoervergiftiging by beeste.

Daar moet egter onthou word dat ,giftige· antibioties
aktiewe metaboliete en ,giftige· phytotoksiene in 'n ander
verband geisoleer is en dus nie noodwendig altyd met
betrekking tot mikotoksikose van groot belang hoef te
wees nie. Sekere skimmels is naamlik in staat om meer as
een gifstof te sintetiseer, soos duidelik in die geval van
Aspergillus flavus gelllustreer kan word (Afb. 5). Die
belangrikheid, wat elkeen van hierdie stowwe met betrek
king tot mikotoksikose besit, hang van die relatiewe hoe
veelhede waarin hul voorkom en hul relatiewe giftigheid at.

Aspergillus ochroceus is 'n skimmel wat wyd versprei in
die natuur voorkom en waarvan die giftigheid onlangs deur
die Mikrobiologiese avorsingsg:-oep van die WNNR
aangetoon is. Aspergillus ochroceus maak ·n deel uit van
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die mikroflora van ,katsuo bushi' en ander gefermenteerde
vispreparate wat in die Verre Ooste gebruik word, terwyl
sy verrnoe om 'n gewensde geurverandering tydens die
fermentering van koffie te bewerkstellig, deur 'n patent
gedek word. Daar is aan die einde van 1963 aan die
Nasionale Chemiese Navorsingslaboratorium van die
WNNR met 'n chemiese ondersoek na giftige skimmel
metaboliete uit hierdie skimmel begin.

'n Giftige stam van die skimmel is op groot skaal in die
laboratorium op gesteriliseerde mieliemeel gekweek, en die
ekstraksieprosedure en fraksioneringsmetodes wat aange
wend is om die gifstof suiwer te isoleer, word in Afb. 6
opgesom. Giftigheidsproewe, wat beide kwalitatief en
semi-kwantitatief van aard is, is na elke stap gebruik om
die suiwering van die gifstof te volg en seker te maak dat
die aktiewe komponent nie gedurende hierdie behandeling
ontbind nie. Dit kon uiteindelik aangetoon word dat slegs
een metaboliet, waaraan die naam ochratoksien A toege
ken is, vir die giftigheid van hierdie skimmel verantwoorde
lik is.

In Afb. 7 word die chemiese strukture van ochra
toksien A en twee newe-komponente, ochraktoksiene
B en C, aangegee, wat onlangs veral met behulp van fisies
chemiese metodes soos massaspektrometrie, kernmagnetiese
resonans, infrarooi- en ultravioletspektroskopie alhier op
geklaar is. Slegs ochratoksien A i giftig en sy toksikolo
giese aspekte is reeds deur dr. Theron behandel. Die
strukture van ochratoksiene B en C toon dat die verwyder
ing van chloor of die verestering van die karboksielgroep
ochratoksien A sy giftigheid ontneem.

SUMMARY

Certain chemical aspects connected with the problem of
mycotoxicosis are discussed. As a result of the discovery of
the aflatoxins, a group of carcinogenic hepatotoxins produced
by the fungus Aspergillus flavus, several research groups are
now carrying out an extensive search for new toxic fungal
metabolites. A short summary is given of the toxic fungal
metabolites which are known today and of work being carried
out in this connection at the National Chemical Research
Laboratory of the CSIR.

THE ESTIMATION OF AFLATOXIN: A CRITICAL SURVEY OF THE
AVAILABLE PHYSICO-CHEMICAL METHODS

J. H. LOMBARD, M.Se. AND L. J. VORSTER, B.Se.; National Nutrition Research fn.l"titllle, Council for Scienrific
and Industrial Research, Pretoria

The outbreak of Turkey-X disease in the UK in 1960 led
to an intensive search for the cause of death of the
100,000 or so turkey poults affected. Toxicologists in due
course traced the origin of the disease to a toxic compo
nent produced by a fungus present in the groundnut meal
used to make up the rations fed to the birds. In the course
of efforts to establish the chemical structure of the toxic
substance, which was given the name of 'aflatoxin', it was
found that extraction was optimal with methanol or
cWoroform and that extracts containing aflatoxin fluo
resced in ultraviolet light. Chromatography of the extract
on a column of neutral alumina resolved the aflatoxin into
two bands, one of which gave a blue-violet fluorescence
(aflatoxin B, and B,) and the other a greenish fluorescence
(aflatoxin G, and G,) under ultraviolet irradiation.

This preliminary work paved the way for the elaboration
of both qualitative and quantitative methods for the esti
mation of aflatoxin. To date all methods proposed are
based on its fluorescence under ultraviolet light.

METHODS

I. The first publication describing a method for the semi
quantitative estimation of aflatoxin was one of Coomes and
Sanders (1963)' of the Tropical Products Institute, London.
The method may be summarized as follows: After defatting,
the material to be examined is extracted with methanol. The
methanol extract is freed from all traces of fatty material by
partition extraction with light petroleum, and the aflatoxin is
then removed from the methanol extract by continuous liquid
liquid extraction with chloroform. The chloroform extract is
thereafter chromatographed on a column of neutral alumina.
After the elution of aflatoxin the portion containing the
aflatoxin is subjected to paper chromatography and the
chromatogram is then examined under ultraviolet light. The
smallest quantity of toxin that can be detected in this way is
0·2 p.g.

2. In a second method, proposed by Broadbent, Comelius
and Shone (1963)' of the Tropical Products Institute, London,
greater precision is obtained by spotting dilutions of the

chloroform extract on a thin-layer chromatoplate until
fluorescence ceases to show up in the spots. The extract for
this method is obtained in much the same way as that described
by Coomes and Sanders.' After concentration, the extract
is spotted in suitable quantities on thin-layer chromato
graphy plates, coated with neutral alumina. The plates are
then developed in chloroform containing 1·5% methanol. The
developed plate is viewed under UV light at 365 mll. If afla
toxin is present in the aliquot it shows up as a blue-violet
fluorescent spot in the case of aflatoxin B and a greenish spot
in the case of aflatoxin G. The smallest quantity of aflatoxin
B which is detectable under these conditions is 0·006 p.g.

3. In a later publication,' the group at the Tropical Products
Institute, London, stated that their method could be improved
by introducing the following modifications:
(a) Substituting kieselgel G for alumina on the TLC plates.
(b) Increasing the methanol content of the eluent from 1·5%

to 5%.
The higher resolution obtainable with the kieselgel plates
makes it possible to detect 0·002 p.g. aflatoxin.

4. A provisional description of a third method was pub
lished by Nesheim er aI: in January 1964 and later confirmed
in a private communication received from the USA. The basis
of the method is as follows: The material to be examined is
blended at high speed either with methanol, if it is defatted, or
with a mixture of methanol and hexane in the case of un
defatted material. A suitable aliquot of the clarified extract is
chromatographed on a column of celite ~45 and eluted
successively with hexane and chloroform to separate the
aflatoxin-containing portion from any fatty material present.
The resultant extract is chromatographed on thin-layer plates
as described under (2) and (3).

5. In an effort to bring the determination of aflatoxin onto
a more exact basis, the TPI group (Nabney and Nesbitt, 1964)'
suggested the following additional modification of their proce
dure: The final extract is applied to the thin-layer plate as a
band on the baseline. After elution of the plate, the band of
aflatoxin is scraped off carefully, desorbed and made up to a
suitable volume. The fluorescence of this solution can be
~c<:,urately determined in a spectrophotometer or fluorimeter at
,J6,J mu.

6. The final method to be discussed is one described in a
paper by De 10ngh and Van Pelt of the Unilever Research
Laboratories in Vlaardigen, and Ord and Barrett of the Uni-




