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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-
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lever Laboratories at Welwyn.' The method is basically the
same as that proposed by the TPI group, but with the follow­
ing refinements:

(a) The extraction time with methanol is shortened from 4
hours to I hour, and this is followed by extraction with
chloroform for one and a half to 2 hours. After evapo­
ration of the chloroform the residue is taken up in
methanol and transferred to the methanol extract.

(b) The concentration of the methanol is adjusted to 85%
and all traces of lipids are removed by partition extrac­
tion with light petroleum. This step ensures that no
interfering light blue fluorescent streaks due to lipids
will appear on the chromatogram.

(c) Satisfactory separation of the components is obtained
by the use of 2% methanol in pure chloroform.

(d) A standard solution of aflatoxin B, (0·1 ILg./rnl.) is used
as a reference standard.

DISCUSStON

The merits and demerits of the available methods may be
summed up as follows:

The paper chromatography method' is rather time­
consuming and thus not very suitable for routine analysis.
Furthermore, the resolution is unsatisfactory and the sensi­
tivity of 0·2 !,-g. relatively low.

The method proposed by Broadbent et al.' has been used
extensively in this country. It has two major shortcomings.
Firstly, the alumina used for the TLC plates is actually
intended for column chromatography and hence gives poor
resolution. Secondly, the proposed extraction method
leaves traces of fat in the extract which produce inter­
fering streaks of light blue fluorescence. These in turn
enhance the intensity of the fluorescence due to aflatoxin.

The shortcomings of the alumina method were largely
eliminated when, in their later publication; the TPI group
recommended the use of kieselgel on the TLC plates. The
sensitivity of the method is improved by this modification
but the presence of Iipids in the final extract still interferes

'with the assessment of the chromatog:-am.
The method described by Nesheim et al.' is unaccept­

able for the following reasons: (a) Extraction in a Waring
blend or with inflammable solvents is dangerous, (b) Elu­
tion of interfering substances by column chromatography
is almost impossible with this method since hexane will not
soak into the celite, and (c) The method does not have any
particular advantage over the others.

The quantitative method proposed by TPI' is very time­
consuming and is therefore unsuitable for routine analyses.
It also lacks sensitivity in the range below I !,-g./G. The
authors admit in their summary that 'this method is less
sensitive than the one depending on dilution to extinction

of fluorescence but it provides a more reliable means of
assaying meals containing 1 !,-g./G or more aflatoxin'.

The method of De longh et al.' has the following definite
advantages:

(a) Extraction with methanol followed by extraction
with chloroform removes all the aflatoxin from
contaminated material.

(b) Partition extraction of Iipids from the methanol
extract yields a chromatoplate free from interfering
fluorescent substances.

(c) The use of a standard solution of aflatoxin B, en­
ables the operator to evaluate the chromatogram
with much greater confidence.

All the methods proposed except that of Nabney and
Nesbitt can at best be termed semi-quantitative since the
estimation of the toxin content of a sample depends on the
naked-eye assessment of the intensity of the fluorescence
produced by the toxin. The toxicity level is classified on
the basis of the presence or absence of fluorescence at cer­
tain Rf values on the chromatoplates after chromatography
of (usually) three aliquots of differing concentrations. The
results are reported as:

very high >2·0 !,-g./G
high 0·5 - 2·0 !,-g./G
medium 0·1 - 0·5 !,-g./G
negative <0·1 !,-g./G

In view of the greater accuracy, speed and ease of
manipulation afforded by the method of De longh et al.
this method is clearly the most satisfactory for the purpose
of routine analyses. The NNRI has been applying this
method in conjunction with a standard solution of 0·002
!,-g. pure aflatoxin Bt/10 !,-1. as a reference standard.

OPSOMMING

Die Bepaling van Aflatoksien
Die kenmerkende blou-violet fluoressensie van aflatoksien

B (B, en B,) en die groenerige f1uoressensie van aflatoksien G
(G, en G,) onder ultraviolet-lig vorm die grondslag vir die
bepaling van hierdie stowwe in al die metodes wat tot dusver
vir hierdie doel aangewend is. Verskillende metodes wat ge­
grond is op uitloging, gevolg deur kolom- en/of papierchroma­
tografie en die opsporing van aflatoksien onder ultraviolet-lig
word beskryf. Die beste metode is die van De longb e.a Hier­
die metode word tans in gewysigde vorm in verskeie laborato­
riums in die Republiek gebruik.
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MYCOTOXINS AS POSSIBLE CAUSES OF PRIMARY CARCINOMA
OF THE LIVER IN MAN*

A. G. OETTLE, Cancer Research Unit of the National Cancer Association of Sowh Africa, South African Institllte
for Medical Research, Johanllesburg

Abstract

Earlier hypotheses regarding the cause of liver cancer in Africa
fail to explain the epidemiologic pattern of this disease, notably

*This article was unfortunately received too late for inclusion in the Myco­
toxicosis Symposium. Only a short summary is therefore published here.
The full text of the article \vill be published in due course.

its rarity in Egypt. The hypothesis of mycotoxicosis resulting
from spoilage of food by toxic moulds fits the distribution
better, in that it accounts for the rarity of liver cancer in dry
areas, where mould spoilage is minimal, or in tribes, e.g. in
Uganda, which consume a predominantly fresh diet.


