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INTRODUCTION

In the sclence of mycotoxine, three main disoiplinea
play a role of major importance: mycology, toxicology and
ochemistry, Although the title of this lecture identifies
(analytical) chemistry as the diecipline to which atteation
will be focused, 1t is appropriate to start this introduction
with some background on the contamination of dailry products

with mycotoxins, in cagu aflatoxin 11, and on the reasons

why a0 much attention on this subject is being paid.

Mycotoxins may contaminate dairy products by moulds
growing on them or by the carry-over of mycotoxins ocourring
in animal feedstuffs ingested by dairy cattle, An example of
the first mentioned possibility is the formation of sterigma-
tooyetin, & carcinogenic mycotoxin, on hard cheese (Northolt,
1980). The second possibility, the carry-over, is conaidered
to be of major importance, as it was found that aflatoxin Bl'
the most notorious of the mycotoxins, is gonverted by the

dairy cow into its 4-hydroxy derivative, aflatoxin M, (fig.1)
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which appears in the milk (Alleroft, 19563). Experiments with
aows have shown that 1~4% of the ingested aflatoxin B, cen be
recovered in the milk as aflatoxin M. Prom experimental work
with rainbouw trout, there are indications that aflatoxin H1
ia carcinogenic, although probably less potent than aflatoxin -
B‘ (Canton, 1975; Sinnnuber, 1974}, Hsieh (1982) oconducted a
chronioc study with two groups of fifty male Pisher rate which
were ocontinuously fed dilets containing 50 g M.'/lq and

50 g B1fh- respectively, for 18 months. At the end of this
period, multihepatocarcinomas were found in 1004 of the B,-
group, whereas no evidenoce of neoplasm wes found in any of

the M,-group. Despite thig, the question as to whether Mafla-
toxin M1 must be oconsidered as a carcilnogen is diffioult to
angwer, as more extensive studies than those mentioned have
not been possible, because of the lack of suffioclent pure
material, On the basles of its struotural resemblance to afla-
toxin B1, toxicologists conelder it possible that aflatoxin
M, has carcinogenic properties. Therefore, the presence of thia
oompound is considered to be undesirable in food. In conee-
quence, some countries have enaoted legal measurea to control
M1 contamination of milk and milk producte. From an interne-
tional inquiry (Schzller, 1983) it beceme clear that, until
1981, only Belgium, the Netherlands, Switzerland and the Uni-
ted States has established tolerance levels for M, in milk at
1, 0.05, 0,01=0.05 and 0,5 g/l respectively, However, in va-
rious other countriss the feasipility of entablishing tolyg-

rances for aflatoxin M1 contamination of nilk has been dis-

cusged.
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Becauge of the undesirability of aflatoxin H1 in food
much scientific attention has been focused to the ogcurrence
of aflatoxin n1 in dairy profucta, to the effects of process-
ing on aflatoxin M,, to the development and lmprovement of
methods of analysis to determine aflatoxin l1 and last but
not least to possibilities to eliminate or prevent aflatoxin
H1 contemination, Before going to the main theme of this lec-
ture, the analytical methofology, we shall first have a closer
look to the occurrence of aflatoxin H1 in dairy products snd
to0 the effects of processing. The prevention of l1 contamina«-
tion of milk and milk profucts is mainly a matter of preven-
tion of afletoxin B, formetion or decontamination of B, conta-
minated commodities. As the latter subject will be discussged
in s separate lecture by Dr.Ciegler, no further attention to

it will be given in this presentation.

OCCURRENCE

In many countries of the western hemisphere milk is mo-
nitored routinely for aflatoxin M1. Ag an example, the results
ot a gurvey of 105 gsamples of milk, c¢ollected in the Nether-
lande in the winter period of 1981 (Van Egmond, 1982a) are
presented in figure 2, as a histogram, with class intervals
of 0.03 g/litre. In 84 of 105 samples, aflatoxin H1 could be
detected in levels ranging from 0,015 to 0,09 g/litre. The
mean M, content in raw, as well as in heat«treated, milk was
0,03 g/flitre, the median M1 content for both types of milk
was also 0,03 g/litre.

1-2
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The results of a similar survey, oarried out in 1972,
are presentesd in figure 3. In 1972 ea. 18% of the semples had
an M1 content of 0,1 g/liire, the Dutch action level; in
1981 none of the samples had an K1 content exceeding this le-~
vel. This significent decrease in the E1 contamination is
probably the effect of the EEC Directive {Amon., 1974) on
permitted levels for undesirable substances and products in
feedingstuffs. In this directive, which came into force in
1976, a year in-between the iwo surveys, a maximum concentra-
tion of 20 g aflatoxin B1/m supplementary feedingstuff for
dairy cows was tolerated. Contrary to this effect in a geri-
ous recent increase of H1-1evels in the Dutch milks in the
last winterperiod, due to relatively high levels of B1 in the
feedingstuffs., The feedingstuff regulations in the EEC have
been further tightened to 10 g aflatoxin/W since 1 January
1984, and it is hoped that the M1-1evels will decreasge again,

Data of surveys carried out in other Buropean countries,
e.g2., in Prance (Fremy, 1982), indicate H1-1evels, comparable
to those determined in Duteh milks. In countries where feed-
inggtuff reguletions are more stringent, e.g. in Switzerland,

lower M1 levels oceur in the milk,

EFFECTS OF PROCESSING ON AFPLATOXIN M

1

The frequent occurrence of aflatoxin M, in milk has
raised the question: what heppens if suc. contaminated milk
is procesged in the normal manner by the dairy industry?

There have been several investigations into this subject, one
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of which was carried out in our Institute in close co~opera-
tion with the Netherlends Ingtitute for Dairy Research {(Van
Egmond, 1977). In that study, milk, naturally contaminated
with H1, wes either pasteurized or sterilized, and yogurt and
cheese were prepared. The results of the study are pregented
in tigure 4. In that figure the length of the bars repregents
the M, content found. The afletoxin M, content of milk is not
reduced by heat treatments llke pasteurization end steriliza-
tion, nor waes any reduction noticed iﬁ the M, content during
the preparation of yogurt and cheese, It is of interest %o
note that the M, concentration in cheese wes about four times
higher than in the milk from which it was prepered. According-
ly, the M, concentration in the whey was proportionally lower.
Furthermore, the various yogurt-cultures and cheese starters
did not influence the M, content,

More recent studies were carried out by Brackett (1982)
who studied the faete of M, throughout the egeing period of
Chedder chease, and noticed a concentration effect of M1 to
a much greater extent than we found with our Gouda cheese.
Brackett mentioned several possible reasons to explain the
effeot. One ig that proteolyasis and lipolysis, which occur
during the ageing process, could result in changes within the
cheege, which allow recovery of more or less toxin in the
analysis. If afletoxin M, is bound to cagein , ag 1P sugges-
ted, cleaving of proteins or an increase in free fatty acids
could act to change this binding. It can be agsumed that
aflatoxin H1 is not covalently bound, since it ocan be extrac=-
ted. One way 11 could be bound ig by hydrophoblc interactions

1-3
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with hydrophobic areas of the caseins. If this is true, one
could explain how binding might be affected by the ageing or
processing of Cheddesr cheese. Proteolysis could cleave pro-
telns in e way that allows less hydrophobic areas of the ca-
seln micelle %o exist, Lipolysis results in the release of
fatty acids which might, in turn, exert & detergent effect on
the hydrophobicslly bound M;. This might allow the toxin to
be more reedily retrieved by extraction.

Although there are differences in the results of the
various studies on the effect of processing on H1, they tend
to come to the same conclusion: processing of milk does not
destroy aflatoxin K,, an observation which is of considerable
practical importance.

METHODS OF ANALYSTS

Enowing now gomething about the background of the aflaw
toxin l1 problem we can encage the analytical problem, the
actual subjeot of this presentation. How can we detect and
determine aflatoxin 11 in milk end dairy products at concen-
trations of sub=miorogrems per kilogram?

In general, there are two appracheas possible for the de-
tection and determination of mycotoxing: biological and che=
micel (Van Egmond, 1984a), Generally, chemicel agsays are to
be preferred, because these generally are much more specifie,
more rapid, more reproducible and posses lower limits of de-

tection. Because aflatoxin n1 generally occurs in milk end
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milk products &t very low levels, bilologioal methods do not
deserve further conamideration.

The ohemical mssays that are usged in aflatoxin M, methe-
dology oontain the basic steps of aech mycotoxin analysis
procedure (fig. 5). Sampling and sample preparation are not
problems, because aflatoxin M; ia homogenecusly distributed
in the milk or the milk product, The extraction and clean-up
however need much attention, Aflatoxin H1 is a semipolar com~
ponent, usually extracted with chloroform, Lipids and other
pubgtances that are co-extracted and which may interfere in
the finel detection, cen be partly removed by liquid-liquid
partitioning or by column chromotography for which often 8102
s8a & column packing material 1s used, Hecoently, also dispo-
sable commercially avaeilable prepacked solumms have been in-
corporated in clean-up procedurea, =uczh as the C!R SEP pakse
{Fremy, 1981; Ferguson-Foos, 1984), Thig small cartridge 1is
prepecked with a non poler phape, i.e. oc':iecylsilane bonded
silice which allows direct applioation of the (diluted) milk
on the artridge. Aflatoxin M, is trapped by the reversed phape
packing material in the cartridge and can be aluted then by
uging solvents of decteased polerity.The direct application
of milk onto the ceolumn aveoids the problem ¢f emulslon forma-
tion which mAay occur when milk {especially reconstituted milk
from milkpowder} 1s extracted directly with chloreform in e
geparatory funnel. (The latter problem however can be largely
overcome by addition of surfectants such as sodium dodecyl
sulphate to the milk pior %o ghalking).

After the clean-up procedure the extract must be concen-

1-4



~8~

trated to make detectlon of aflatoxin M, poaaible. an thias
toxin 1 usually present in very low smounta only. Despite
the extraction and olean-up, the final extract may contain
large amounts of other oco-extraoted substances possibly in-
terfering with aflatoxin M1 determination. Several possibili-
ties exiast to separate the mycotoxin from the matrix. Chroma-
tographlo procedures, which are physiocal separation techniques,
are moat often applied and they are used in combination with
visual or instrumental determination of the amount of I,.
Immunoageays, whioch are bilo-chemical separation techniques
used in combination with instrumental determination ere ptill
in an early stage of development for mycotoxin research.
Nevertheless these tachniques are promising and some have
been made suitable aslready for the determination of aflatoxin
M,. In this presentation attention shall be pald to thin
layer chromatography, high performance liquid chromatography,
radio immunoasssy and enzyme linked immuno sorbent assay, as
techniques used in the ultimate separation, detection and
determination steps of modern methods of analysis for afla-

toxin H1.

Thin leyer chromatogzraphy

In the first years of mycotoxin research, the early
sixties, thin layer chromatography (Tl:) became a very common
and popular technique for separating extract components and
nowadaye it is a reliable, relatively simple and still the

most frequently used technique for the determination of myco-
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toxins. Initially, separations were oarried out in one dimen-
plon ueing & single developing solvent, Later, two-dimengio-
nal thin layer chromatography was introduced to myocotoxin
resaarch (Kisrmeier, 1970), a powerful sepsrstion technigue
in which a second development is oarried out in a direoction
at right angles to the first one, using & different develop-
ing solvent, This provides & much better separation than one-
dimenasionel TLC end is required eapecislly in those cases
whare low levels of detection are necessary e.g. aflatoxin N,
in milk. When TLC ig epplied, ugually a final extrect of milk
(product) in ohloroform is obtalned.

Depending on the desired limit of detection, one- or
two-dimensional TLC ias applied, In Weatern EBuropean countries
there is a tendency to establish tolerances for M1 at very
low levels, 0,1 g/iy or even leas. In puch cemes, two-dimen-
sional TLL ghould be the method of choice, Two-dimensional
TLC 18 carried out ee follows (see fig, 6): an aliquot of
the sample extract is spotted at A and known emounts of afla-

toxin M, standard are spotted at B, The plate is then deve-
loped in directlona 1 and 2, respectively, using two diff e~
rent solvent syntems. After development and drying of the
plate, detection and quentification are ocarried out undexr
longwave U.V.-light, thereby making use of the fortunate
characteristic that aflatoxins emit the energy of absorbed
longwave U,V,~light as fluorescent light, Flgure 7 illustmtes
the separstion pattern of &an extract of milk, prepared accor-
ding to the method of Stubblefield (1979), after two-dimen-

sivnel 1L gepmration. The milk sample was contaminated at a

I-5
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level of 0,1 g/, Quantifying of aflatoxin M, in the extract

1
oan be oarried out by vieual or densitometric comparison of

the intensities of fluorescence of the M. spots from sample

1
and gtandards. When two-dimensional TLC is applied, the me-
thod of Stubblefield (1979) has & limit of detection of ga.
0.01 g/l of milk, (This limit of deteotion relates to the
lowast amount of M1 vielble on the TLC plate when expoged

to U.V.-1ight of an intensity of TmW/cm°. Although detactable
at such a low level, aflatoxin M1 can only be guantitated
with a certaln reliability by experienced analysis &t level

0.03 g/1 of wilk (limit of quantitation).

In gpite of the elaborate clean-up and separation teoh-
niques, interfering compounds, which have similar fluorescent
and chromatographie behaviour as aflatoxin M1, exist. In
order to minimize the possibility of false-positives, the

tdentity of aflatoxin M. in positive samples has to be con-

1
firmed. The mopt relinble methed for this purpose 1s high
resolutions mass speotroscopy (LS}, 1S, in combination with
thin layer chromatography, however, is rather time consuming,
and not every laboratory is equipped with this sophisticated
type of apmmratus, Therefore, simple chemical techniques are
preferred, These techniques do not offer the same absolute
sertainty as M3, but they practically exclude falpe-positives.
An example of such & conf{irmatory test is a method developed
by Trucksess (1976) ond modified by Van Egmond (1978). 1n

that procedure, the presuned M1 gpot from the extract, ms well

as one of the standerd spots (developed in direction 2), are

derivatized on the TLC plate by superimposing e drop of tri-
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fluoromcetioc acld-hexane on each of theae spote after two-
dimenslonal TLC, followed by heating the plate at 75°C to
allow the reamction to occur, The exact chemical nature of the
reaction product which is formed is not yet known. If the
reaction ig carried out in teat tube, the M1 hemlacetal 1s
formed, resulting from the acid-oatalyzed addition of water
to the terminal furan ring (fig. 8). lowever, on the TLC
plate, another reaction occurs as the main product; it has &
different Rt value to the M1 hemiacetal. Like the M, hemi-
acetal, the M, derivative formed én the TLC plate has strong
fluorescent properties, as well as a specific lower Rr value
theg M,, and use 1p mede of the latter characteristic in the
contfirmatory test. After the reaction, the plate is developed
onoe more, the M1 derivative from the sample and the standard
are examined to determine if they have moved the same dis~
tance snd show the pame colour of fluorescence. The reault
of this test can be seen in figure 9.

The use of thin layer chromatography as a technique
to separate aflatoxin M, from matrix components has deoreased
in recent years in favour of high performance liquid chroma-
tography, and probably will further decrease in the near
future in favour of the immunocassays. Nevertheleass thin layer
chromatography 1is still a major separation technique for the
determination of aflatoxin M1, especially 1ts two-dimensional
application which offers a good resolution, and congequently
low 1limits of deteotlon. Special adventages of thin-layer
chromatography are the possibility of carrying out in situ

derivatisation procedures to confirm the presence of myco-

I-6
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toxins, the ability to store platea for later Iinterpretation
and the faot that the analyst has & certain "gcontaot" with
the results of the saparation, because the humen eye itself
ocan act as a deteotor, Thin leyer shromatography is particu-
larly recommendad to those who are inexperienced in the ana-
lyale of milk and milk producte for aflatoxin M,, and who
cannot afford to purchase sophisticated analytiocal instrumen-

tation,

High performenoe ligquid shromatography

High Performance Liquid Chromatography (HPLC) or High
Prassure Liquid Chromatography as it was initially ocalled,
became avallable for the analysis of foodastuffs in the early
seventies and probably the firat published application for
mycotoxin research dates from 1973 (Selber, 1973). After =
somawhat hesitating start, the techiique became of rapidly
growing importance in the determination of mycotoxins, parti-
cularly when geveral types of column paockings and (fluores-
cence-) detectors beocame available. The introduotion of auto-
samples and computeriz-ed. data retrieval asyastems made HFPLC in
prinoiple very useful for large acale analyses. HPLJ methoda
have algo bécome available for the analysis of milk and milk
produots for aflatoxin H, (Glancy, 1978; Fremy, 1981; Tuin-
stra, 1982; Perguson-~Foos, 1984)}. Most of these methods make
use of reversed phage colwins, which contnin bonded phase

packinga, e.g. octadecyl: ilune (OD3 or 318) bonided to the
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gllica support.

-Solvents used in reverae phase systems are aquecus whioh
means that the solvents used for preparation of the final
extracts and the standard solutions to be Injeoted alsc must
be aqueous, Whereas in TLC the type of 5102 plate does not
geem %0 be too oritical for cobtaining good results, the more
sophisticated HFLC technique 1s more sensitive to variations
in column types. There exist many similarly labelled reversed
phase HPLC columns of good quality, whioch may have quite dif-
ferent chromatogmphioc oharaoteristics, due to both differen-
ces In the ailica meterimal used as a support and the technique
used to form the bonded phuse {(Goldberyg, 1982). Lifferences
between various ClH columnag when applied for the meparation

of M, conteining milk exiracts have been clearly demonstrated

1
in a regent Dutch comparative study (Ven Egmond, 1984): in
figure 10 the results of HPL{! separations are shown obtmined
by two laboratorfes that anmlysed the sume sample with the
game proocedure, but they uged different 018 colunnsg and dif-
ferent fluorescence detectors. ''he differences are striking
and the example clearly i1llustrates the Importance of having
available the right combilnation of ¢olumn and detector,

In addition to the covmmon HPLC procedurss where aflato-
xin m1 ig detected in reversed phase agystems right away after
separation of extract components, recently a method hap been
developed (Perguson-Foos, 1984), in which aflatoxin M1 is
derivatized prior to WFLC separation and detection. The deri-

vatization is achieved through reaction with trifluoroacetic

seid (1#4) in the visl containing the final extract (or the

1.7
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M1 standard). The reactionproduct has more polar properties
than the parent compound, leading to a shorter retentiontime
than aflatoxin M1 in reversed phase aystems. The thus obtained
change in elution pattern can be beneficial, especially where
the aflatoxin'n1 peak does not fully sepsrate from the pesaks
of luorescent extract components. An additional advantage of
the derivatization is the inoreame in fluoreascence intensity
of the M1 derivative compared to the parent compound, allow-
ing lower l1limits of detectlon., An example of a high perfor-
mance liquid chromatogram thus obtained from milkpowder regon-
stituted to milk, and contaminated with M, at a level of ca.
0.03 g/1 (whioh ia a commonly found level of contamination
in western Europe) 1s given in figure 11. It may be noticed
that the separation of the peak of interest is not yet comp-
lete and that further optimalisation is required. The method
of Perguson-Foos (1984) haa been studied collaboratively in
1983 but the study has to be stopped halfwany when collabora-
tors encountered problems in dissolving derivatized M, sol-
vents in the HPLC solvent. The problems were traced back to
irrevereible and inconsistent adsorption of the derivative
to the glasswall of the vials and have recently been overcome
by sililation of the vials rplor to the derivatization reac—
tion which lgads to inactivation of the glasswall so that
adporption is largely prevented. It is antieipated that the
collaborative study will be re-~initieted this year.

High parformance liquid chromatography has partly super-
ceded thin layer chromatopraphy in the analysis of food for

mycotoxine, The reasons for this development are obvious.
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Separations can be macomplished in a matter of minutes, HFPLC
methods generally provide good quantitative information and
the equipment employed im HPFLC systems cen be automated rather
easily. Flnally, on-line ocoupling with e mass spectrometer

has become possible, although it is too early to eatimate

the value of the latter technique for the determination and
confirmation of mycotoxins.

HPLC has limitations aa well, Although resclutions ere
much better than those obtained using one-dimensional TLC the
upe of two-dimensional chromotogrﬁphy in HPLC is hardly pos-
sible. It 1ie just the latter technlque that haa proven to be
such a powerful geparation tool when applied to thin layer
ohromatography, especlally when low llmits of deteotion are
required. The cost of ejuipment for thin layer chromatography
is relatively oheap (except densltometers) oompared with the
expenglve instrumentation for HPLC, The extensive experlence
required to obtain the maximum benefit from an HPLC system
contitutes enother limitation, whereas TLC can be learned
relatively easily.

The limits of detection and determination of HPLC and TLC
pystems are comparable when milkextracts are analyped for
aflatoxin M1. The variabllity of repetitive injections in
HPLC may be slightly lower than that of repetitive apottinga
in TLC., However this difference 1s of minor importance as the
error in the ultimate separation and detection step contri-
butes only for a smaller part to the total error in the whole
analysis procedure, s yet no publications have appeared on

comparative studies of HPLC and TLC techniques, when applied

I-8
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for the determination of aflsatoxin M1 in the pame samples of
milk, The provisional results of a Dutch comparative atudy
{(Van Egmond, 1984) however, indicated that both techniques
provide resu}ts that agree rather well. In oconclusion HPLC
ean be an attractive alternative to TLC in the determination
of afletoxin M, in milk(products). flowever one should bear in
mind that pophlsticeted systems are weak 1f the aveilability
of supplies spare parts and service form & problem, ns may

be the case in many of the developinr countries., HEapecially
in the latter situation HYLC ghould not be the firgt cholce
when setting up & systen for monitoring or surveying milk¥(pro-

Aucts) for aflatoxin by

Immunochemical procoedures

Immunochemnienl procedures ars broaed npon quite different
principles than chromatogsraphic procedures. An immuncassay is
an asaay in which the molecular recognition propertiea of
antibodies, bilo-masromolecules are used, rather mrs a lock
responds to & key. The key to be measured is the antipen {in
our case aflatoxin M1). which can be labelled for the purpose
of counting.This lavel can be a radiolsotope, 8n enzyme, &
fluorescent, group or some other marker which can eusily be
quantified. FPor the determination of mycotoxine the ume of
imnunoasgays hag been limited to dute to redioimmunoassay
(RIA) end enzyme-linked inmunosorbent assay (BLISA).

It is beyond the scope of this presentation to discuss

the production of antiboiles againat mycotoxine, which gene-
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rally have molecular welights too low to evo#e antibodies di-
roctly when administered to animals. These eo-called haptens
have to be conjugated with proteins before.immunisation aan
oogur,. Up to now it has been posasible to evoke antibodies
agalnst mseveral of the mycctoxins, sflatoxin H1 inocluded. For
the herformanoe of immunoessays 1t is further necessary to
have aveilable radiolabelled mycotoxina (for which often 3y

is uged) in the case of RIA end enzyme-labelled mycotoxine

for ELISA (for which often horseradish peroxidese is used}.
The extraction and cleasn-up procesdures eapplied in immunoesssays
developed for mycotoxine are generally the same as those for
the chromatographiec prooeduresm though beoause of the high
gpecificity of immunocassays orude extracts are gometimes
auitable, The final extreots used in immunoassay are (buffered)
auecus golutions.

In figure 12 the mechanism of & radiolmmuncassay is out-
lined. The test portion, containing a known amount of labelled
antigen {(marked as active) and an unknown amount of unlabelled
antigen (the mycotoxin looked for, i.o. aflatoxin M1) is
brought into contact with a fixed amount of antibody. Compe-
tition takes plece between labelled and unlabtelled antigen
for the active sites of the antibody. After a certain time
equilibrium 1s reached, and there will remain some free anti-
gen, the reat 1s bound to the antibody, The relative binding
rationof the lebelled and unlabelled antigen to the antobody
depends on the relative concentration ratio of the labelled
and unlabelled antigen in the test portion., The lower the

ratio labelled nntigen/unlabelled antigen, the lower the

-2
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radioactivity of the antigen-antibody complex, After separa-
tion of the antigen-antibody complex and the free fraoction
tha radicactivity of the coﬁplex is measured in a liquid
sointillation counter. This radloasotivity is a measure of the
amount of unlaballed antogen {the mycotoxin look for) in the
teat portion, Normally the evaluation of the amount of myco-
toxin in an unknown sample 1s made by using a standard ourve.
Harder (1979} introduced & RIA procedure for the deter-
mination of aflatoxin M, in milk. The method has & limit of
detection reported to be at ca. 0.25 g Millitre milk, a ti«
mit that cannot yet compete with those obtainable with chro-
matographioc proceduras, which are about one order of magni-

tude lower,

In the application of enzyme-linked immunosorbent assay
1n mycotoxin research several variants exlst, one of which
1a the competitive assay applied for the determination of
aflatoxin M1 in milk (T'estka, 1981) (fig. 13). A polystyrene
tube or miorotitre plate ts couted with a knovm amount of
antibody agalnst aflatoxin M,. After being weshed, the test
golution oontaining an unknown quantity of ufluatoxin M, is
added, directly followed hy the addition of & known quantity
of arlatoxin-MT, labelled with enzyme, Labelled and non-la-
belled aflatoxin M1 compete for the nctive altes of the boung
antibedy., After incubation the tube or plrte ls waghed epein
and the captured enzyme 18 determined by wdding chronogenic
subatrate. The resu1£ing ;ulour can be meungured instrumentally

or visumlly. The lower the concentration of reactlion product,
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the lower the amount of bound enzyme and the higher the
aflatoxin M1 concentration in the test portion. As with RIA
; standard curve is established from which the toxin ooncen-
tration in the test portion is then determined. The 1limit of
deteotion of the ELISA procedure of Pestka (1981) was repor-
ted to be at 0.25 g/l of milk which is comparable with the
performance of the RIA procedure and about one order of mag-

nitude higher than deteocticnlimits for aflatoxin M., obtc¢ lned

1
with chromatographic procedureas.

The application of immunoassays for the determination
of myocotoxins 1s & recent development, so that gollaborative
studies on this subjeothave not yet been conducted. The pre-
ment lack of method performance oharacterietics dearived from
collabotative studies makes 1t diffioult to estimate the
value of the newoomers ocompared to HPLC and TLC. Incidentally
RIA and ELISA ha¥e been oompared to each other for the deter-
mination of aflatoxin M1 in milk. It was ooncluded that ELISA
wag the preferred method mainly because of its simplioity,
senpitivity and selectivity. Taking into account the disad-
vantages of HIA, such as the limited shelf-life activity of
the radicisotopes, problems of radicactive waste disposal o;
licensing requiremente and the need of an expensive acintil-
lation counter, i1t is to be expected that ELISA in partioular
will be of growing importance as an assay technique for myco-
toxina, aflatoxin M1 included. However, a matter of oontinuow
vigilance is the specificity of immunoassays. Although most
of the antisera produced agailnat mycotoxins seem to be quite

gpecific, the possibility of crosareactions cennot be fully
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ruled out and it 18 a good laboratory practlce to confirm
positive findings of immunoassays by methods of analysis

baged on other principles.

CONCLUSION

Surmarizing the present state of methodcology for the
determinetion of aflatoxin H1 in milk and milk products it
can be ooncluded that
1) Thin layer chromatography, although a veteran in mycotoxin

methodology is & reliable, feaaible and relatively simple
separation technique. Ite two-dimensional application offers
egpeclally good resolution, resulting in low limits of deteo-
tion, whioh are usually needed when milk 1s analyged for
aflatoxin l1.

2} High performance liquid chromatography cen be an atirac-
tive alternative tc thin layer chromatography. This more ex-
pengive technique offers the possibllity of eutomating the
ultimate separation and quantification steps, However, appli-
cation of the technique requires advanced skill, fecilities
and service, which makes the technique vulnerable in subopti-
mal clircumstances.

3) Immunoassays such as radioimmunoassay and enzyme-linked
Immunogorbent assay are promising techniques. Although still
in 1ts infaney, it is expected that espealally ELISA will
play an important role in aflatoxin M1 methodology in the

near future and that simple "field kits" will allow the ap-
plication of the new technique also in the developing count-

riea.
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Legend to figures:

FPigure 1

Figure 2

Pigure 3

Pigure 4

Pigure 5

Figure 6

Pigure 7

Chemical structures of aflatoxina B1 and l1

Praquency distribution of H] amounts in sam—

ples of Dutoh consumption milk {1981)

Frequenoy distribution of M, amounts in samples

of Dutch consumption milk (1972)

The effeot of processing on the aflatoxin l1

content of milk and milk products

Analytioal prooedure for mycotoxin determina-
tion

Schematlic of thin layer ohromatogram for two-
dimensional ohromatography. Direotion t: die-
thylether-methancl-water (94+4.5+1.5, lined

tank). Direction 2: chloraform-acetone-metha-
nol (90+10+2, unlined tank). Measures are in

centimetres.

Two~dimensional geparation of milkextract con-
taminated with aflatoxin M, (0.1 g/1), pre-
pared acocording to the method of Stubblefield
(1979)
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Figure 9

Figure

Figure

Flyure

Figure

10

11

12
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Rescticn of aflatoxin M1 by treatment with

trifluoroncetic acid

Repult of a confirmatory test appliied to an

extract of milk containing aflatoxin M1

Reversed phase high performance liguid chro-
matograms of aflatoxin M1 containing milkex-
tract, obtained by two different laboratories

uging different column-detector combination
Heversed phase liquid ohromatogram of y1 aon-
taintng milkextract, after derivatization of
M1 with trifluoroecetic acid

Mechaniam of radiolmmunocasusey

Aflatoxin M, determination by enzyme-linked

imnunosorbent assay.
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