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SUMMARY

The analsysis of 37 mycotoxins and other fungal metabaglites by thin-layer chro-
matography s described. Their Ry values in eight solvent systems, colour reactions
after chemical detection and detection under UV light are presented. From the Ry
values, “‘chromatographic spectra’ which can be used as one of the characteristics
for the characterizatron of unknown mycotoxins were constructed.

INTRODUCTION

Recently. increasing attention has been paid to the analysis of mycotoxins, of
which over 100 are known at present. and screening methods for mycotoxins in
contzminated products have been sought. Eppley! described a thin-layer chromato-
graphy {TLC) screening method for zearalenone, afiatoxin and cchratoxin. Steyn®
developed a chromatographic separation and detection of eleven mycotoxins on thm
Iayers. Fishbein and Fzalk?® elaborated TLC procedures for five mycotoxins (aflatoxins,
ochratoxins, aspertoxin, O-methylsterigmatocystin and sterigmatocystin) and some
other fungal metabolites. The chromatography of eightecen mycotoxins in two dif-
ferent systems on thin lavers and a combination of detection under UV light with
spraying with p-anisaldehyde was applied by Scott er ¢l.* in the screening of fungal
extracts. Stoloff er al.® described selective extraction methods for afiatoxins. ochra-
toxins, zearalenone, sterigmatocystin and patulin and characterized these myco-
toxins by TLC. The method was applied te different substrates and detection limits
sufficient for the screening of mycotoxins were determined.

Amnalytical procedures for aflatoxins are best worked out in comparison with
those for other mycotoxins. Jones® gave a survey of gualitative and quantitatve TLC
methods for afiatoxins. The most recommended material for TLC is silica gel.

The use of high-pressure liquid chromatography for the separation of afia-
toxins” and gas chromatography for altenueneS, patulin® and penicillic acid!® has been
described. However, TLC, owing to its simplicity, is the most frequently used chro-
matagraphic technigue for mycotoxins.
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In this paper, a systematic analysis of 37 mycotoxins and & other fungal
metabolites by TLC in eight solvent systems combined with physical and chemical
detzction methods is described. Examples of the application of these procedures to
the isolation and characterization of both known and unknown mycotoxins by use
of chromatographic biozutography are described in the next paper'.

MATERIAIS AND METHODS
L ycotoxins and other fungal metabolites )

We usad the following mycotoxins and fungal secondary metabelites (fower-
case letters in parentheses refer to the sources given below): 4-acetamido-4-hydroxy-2-
butenoic acid-y-lactone (2), afiatoxin B; (b, c}, afiatoxin B, (&), afatoxin Gy (c).
afiatoxin G, (d), afllatoxmn M; (¢}, altenuenc (g}, alternariol (e}, alternariol mono-
methyl ether {AME)} (e), aspergillic acid (r}, citreoviridin (£}, citrinin (r), curvularin
(g). cyanein (1}, cytochalasin A (B}, cytochalasin B (b}, cytochalasin D (h), diacetoxy-
scirpenol (i), N,N'-dibenzylethyienediamine (DBED) (e), fusaric acid (5}, ghotoxin
{r}, griseorulvin {r), helvolic acid (r), kojic acid (r}, luteoskyrin (i), monorden (k),
mycophenolic acid {r), nivalenol (1), ochratoxin A (., i, m}, ochratoxin B (d), ochra-

toxin C (G}, patulin (n). pem"ﬁ‘"‘ acid (), rubratoxin B (). rugulosin (r}, secalonic

acid (f}, sterigmatacystin (f, 1}, terreic acid (r}, T-2 toxin {a, m. o}, trichothecin (),
vermiculin {p), viridicatum toxin {f} and zearalenone (d).

The sources of the metebolites were as follows: (a) Dr. S. G. Yates, U.S.
Department of Agricuiture, Northerr Regiconal Research Laboratories, Peoria, EIi.,
U.8.A.; (D) Serva Feinbiochemica, Heldelberg, G.F.R.; (¢} Dr. L. Shoetwell, U.S.
Deparument of Agriculture, Northern Research Laboratories, Peoria, Ik, U.S.A.;
{d) Dr. R. M. Eppley, Division of Food Chemistry and Technology, Washington,
D.C.,, US.A.; (¢) Dr. R. W. Pero, National Institute of Environmental Health
Sciences, Research Triangle Park, N.C., US.A.; (f) Br. P. S. Steyn, National
Chemistry Research Laboratories, Pretoria, South Africa; (g} Dr. Richard, School of
Chz=mical Research, Canberra, Australia; (h) Dr. Ch. Tamm, Institut fiir organische
Ch:amie der Universitit, Basle, Swiizerland: (1} Dr. P. M. Scot., Food and Nutrition
Division, Department of National Heaith, Ottawa. Ontario, Canada; (k) Dr. S.
Wilkinson, Wellcome Research Laboratories, Beckenham, Great Britain; (I} Cal-
biocchem, London, Great Britain; (m} Dr. B. D. Wyatt, Department of Poulfrv
Sciences, North Carolina State University, N.C., U.S.A_; (») Dr. H. I. Mintzlaf,
Institut {iir Bakteriologie und Histologe, Kmmbach, G.F.R.: (o} br. H. R.
Bu-meister, ARS Culture Collection Investigations Fermentation Laberatory, 1815
North University Street, Peoria, L, U S.A.; {p) Dr. J. Fuska, this Department: and
{r) this Department.

Preparation of sample solutions

Stock solutions of fungal metabolites were prepared mostly at a concentration
of | mg/ml. The numbers ir parentheses below express the actual amounts of sub-
staiaces in micrograms applied on the chromatcograms. The following solvents were
used for the preparation of solutions: acctone for altenuene (5), alternariol (2}, AME
(2} and terreic acid £5); benzene for griseofulvin {5}; benzene-acetonitrile (98:2) for
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afiatoxins B, (2), B. (0.025), G, (2) and G, (0.025): chloroform for afiatoxin M, (0.6},
4-gcetamido-4-hydroxy-2-butencic acid-y-lactone (5), aspergillic acid (I0), citrec-
viridin (5}, cyanein (3}, diacetoxyscirpenol (5), fusaric acid (50), gliotoxin (3), helvolic
acid (8}, luteoskyrin (2), mycophenolic acid (5), ochratoxin A (2}, ochratoxin B (0.05),
ochratoxin C (6.2}, patulin (10), penicillic acid (2}, rubratoxin B (10) sterigmatocystin
(5), T-2 toxin {35). trichothecin (2}, vermiculin (5} and zearalenone (2}: chioroform-
methanol (I:1) for secalonic acid (I} and viridicatum toxin {I}; ethano! for nivalenol
{5) and DBED (5}, ethyl acetate for kojic acid (5} and rugulosin (2}: and methanol
for citrinin (0.5) curvularin (3), cytochalasing A (5}, B (5} and D (5) and monorden

(3.

Preparation of thin layers

Thin layers of silica gel G (Merck, Darmstadt, G.F.R.) of thickness 0.25 mm
were prepared on glass plates (20 x 20 cm) emploving an applicator. Silica gel for
the application was prepared as given in ref, 12. When the plates were dry they were
activated for 2 h at 110°. Before use. the plates were cleaned by developing them in
the system that was subsequently used for their development with samples. After
evaporating the solvents, the plates were stored for 24 h in a desiccator with dilute
sulphuric acid (sp.gr. 1.440). The relative humidity in the desiccator was about 40 9.

Pre-coated thin layers. Silufol sheets (Kavalier. Votice, Czechoslovakia) (20 x
20 cm) were cleaned and stored in the same manner as the glass plates with silica gel G.

Solvernt systems.

A : benzene—-methanol-acetic acid (34:2:1).

B: toluene—ethyl acetate—90 9, formic acid (6:3:1)*.

C: benzene-ethanol (95:5)5.

D: chloroform-methanof (4:1).

E: chloroform—methyl isobutyl ketone (4:1).

F: chioroform-—acetone (@:1)°.

G : chloroform-acetic acid—diethyl ether (17:1:3)%.

H: n-butanol-acetic acid—water (4:1:4} (upper layer).

All solvents were purified before use by procedures described by Keil®.

Aethod of application and development

After removal from the desiccator, the thin layer or the Siufol sheet was
covered with a glass plate, except the area of the “origin”, in order to prevent the
absorption of moisture from the air. Thus, a relatively even moisture content of ail
of the plates was reached regardiess of the moisture content of the ambient air**. The
substances to be analyzed were applied to the plates from the stock sclutions with
micropipettes under orange light so that the resuiting amounts were as given above.
The spots were dried during application with a flow of cold air. The plates were
developed in the dark in developing tanks (Zeiss, Jena, G.D.R.}saturated with solvent
vapour. Fach substance was chromatographed in two series in all eight solvent sys-
tems both on plates coated with silica gel G and on Silufol sheets. When the front of
the system reached a height of about 10 cm above the origin, the development was
interrupted, the chromatogram was dried in air and then detection was carried out.
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TABLEE

Rr X 1060 YALUES OF MYCOTOXINS ON CLEANED SILICA GEL G PLATES AND CLEANED

SILUFQOL. SHEETS IN 8 SOLVENT SYSTEMS ANWND RESULTS OF PHYSICAL AND CHEMICAL

DETECTION

Colours: a2 = beige; b = blue; ¢ = blue-grev: d = blus-gresn: e = brown-violet; f = dark pink; g = dark

spot: b = dark yellow; | = grey; k = green-biue: | = grey-brown; m = green; n = green-grey; ¢ = orange;
= pale beige; r = pale blue; s = pzale brown: t = pale grey; u = pale green; v = pale pink; x = pale red;

¥ = pale yellow: z = pink. @ = red; § = viclet; ¥ = yeliow; 4 = yellow-green: ¢ = yeliow-crange. © = Tail;

120 . .
“* = elorgated spot. Fractions <5 etc.- the numerarors represent Ry X 100 values on cleaned silica gel G

piates anc the denominators represent By X 100 values on cleaned Silufol shests.

Rr X f08 values an M
Stlufel

A B C b . E F G H
126 LS 2.5 57.6 XY 8.0 7.0 55.0

6.0 10.0 3.0 41.0 5.0 3.0 8.5 436
28.0* 31.5* 1G 5% &g.5" 22 5~ 325 _ 3L5T 61.5~
28.0 20.5~ 3.6~ 68.5~ 260 3206 34.8% 60.5%
308 i8¢ 140 86.9 g9 330 200 61.0
29.6 i5.5 i2.s 70.8 175 2.0 28.0 55.0
180~ 13.0- 13.5* 845~ 12.0- 35.6~ 20.0~ 50.6~
26.0~ 160~ 110~ 62.06- 17.0 220 26.6~ 550+
225 éG 80 78.0 &8 17.0 ife 515
24.5 1.6 2.0 €3.5 i1 185 20.5 48.0
21.5 15.5 100 785 0.8 7.5 65 4.0
240 336 7.6 660 3.5 6.5 120 83.0
i85 1.5 5.0 518 3¢ 40 10.0 740
3835 65.5 17.0 83.6 32¢ 285 58.6 85.0
230° 42.5 2.0 56.5 230 13.06 37.6 8%.0
57.3 72.5 339 LERY 7.0 56.5 73.5 930
318 328 338 76.0 348 360 580 87.0%
6780~ &63-83+~ 35§57~ T4 G2+ &2iv* 3371t 65-85*~ 920+~

¥
Wi

66.06™ 6 ¢ 2981+~ 88.5 70.07 63.0% 7435~ 9s3.
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Mycotoxin Derection
Prior to Chemical dztectior After chemicaf derection
chemical - N .
detection p-Anisaldekyde FeCl: p-Anisaldehyde FeCk
(UV, 366 nm} (UV, 366 )
4-Acetamido<4-
hydroxy-2-butenocic — t — ¥ -
acid-y-lactone
Aflatoxin B; b m — o b
Aflatoxin B, m b — m m
Aflatoxin G, b — — v-G b
Aflatoxin G, m — — k m
Afiatoxin M, b — — -0 r
Altsnuene z e B %n T
Alternariol b s s b b
AME b s )3 G - r
Aspergiilic acid - ] ¥ g g

¢ Corntinued on p. I46)
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TABLE ¥ {continued}
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Re X IGE values or: 5‘{;;!5;5—(3-
A4 B c P E F G I3
2.25%- 048~ 85— 028+ 0-137 0-20-  37.0% T2.0¢
31.0¢ §-24~+ 96 290~ 0-15*+ 160 927+~ 450
25.5~ 300- 9.5 go.0- 1o* 9.5~ 8.0- 86.0~
23.5+ 23.6- 6.0~ 60.5* 1.5 5.5% 106+ 79.0%
18.0 27.0 5.0 64.5 0.0 0.0 2.5 90.0
18.0 226 55 520 0.0 6.0 4.5 78.0
396 30.5 12,5 %00 145 34.5 27.5 82.0
285 225 160 3.0 18.0 2.5 33.5 73.0
310 274 20 31.0 6.0 6o 210 69.0
235 1.5 o-11-- 700 g-12-+ 0-i4*~ 125 s8.0
17.0 79 1.0 53 6.5 8.5 110 570
50.0 42.5 31.5 85.0 8.3 326 30.5 3:1.0
34.0 21.5 24.5 800 22.5 3.0 435 82.0
45.5 45.0 o0 51.6 220 38.0 430 65.5
28.0 340 585 710 385 345 410 715
525 53.0 28.0 890 150 29.0 50.0 $3.5
34.5 39.5- 24 5- 83.5 280 230 44.0 0-100+*
12.5 15.0 25 s2.0 0.0 2.0 6.0 65.0
40 50 0.0 21.0° 0.0 0.0 1.5 24,0
8457~ 60.0+ 13-~ 0-46-~ 6177+ 0-15-+ 0-28-~ 0-100-~
G135~ 12—~ 15 620 g.0 a.0 0.0 540
7.0 56 88 50.0 8.0 0.0 6.0 67.5
7.6 00 oG 6.5 0o 0.0 a0 50.0
sz 59.5 34.57 720 g-1i+ g-23-~ 568 95.0
285+ 420 22.5- 71 0¢ 30.5% 280 47.0° 86.5
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A cotaxin Detection

Prior to Chemical detection After chemical detection

chemical C

derectior p-Anisaldeks de FeCly p-ALmsaldehy de FeCis

( UV, 366 nmej} (LY, 366 nm)}
Citrinin v — 4 u v
Citreoviridin ¥ i v o y
Cyvanemn - c —_ g -
Diacetoxyscirpenol — B — e —_
N,N'-dibenzylethylene- — v P u —
dizmime

Fusaric acid ¥ — — Yy -
Gliotoxin — r — =3 —
Griseofulvin b a — v b
Helsolic acid + b — v —
Kojic acid @ p f u g
Luteoaskyrin 1 o h o3 —
Nivalenol — t — i —
OCchratoxin A d — f m m

{ Certinued cre p. [48)
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TASBLE k ‘coriinuzd)

siiica gei G
Re X IGG sqlucs on —

Sslufol
4 B c D E F G H
41.0 46.0 12.0- 65.0 0.0 20 3.5 79.0
g0.0 20 75.0 91.0 530 73.5 86.0 87.0
340 370 2.0 720 20.5 250 30.0 78.0
240 27.0 14.0 61.5 ie.s i7.0 24.0 70.5
32.6 23,0 18.5 76.0 8.5 225 310 88.5
27.5 3t.5 145 665 17.5 5.5 26.5 760
0.0~ 60" 860~ 340- 6.G* 0.0* oo~ 840
i3y 08 6.0 28.0 ao 0.0 60 38.6
6-34—- 51.5~ 15 c-38-~ 04—+ o5+~ 375 920~
28.0° 37.6- 16.0~ 62.5- 2.5« 7 160~ 37.5¢ §7.0*
45.0- 55.5 8.6 s4.0- ¢.0 50 20-37°  720-
80 325 ¢-9-- 68.5 06—~ o-i1-- 12-35-- 850
67.5 71.0 59.0 93¢ 71.5 T4, 78.0 R4.5
si.g 49.5 46.0 81.5 80.5 36.5 130 830
55.0 €6.0 55.0 75.0- 51.0 49.0 63.0 80.5
3i.0 43.5 29.5 625 51.5 39.5 44.0 81.0
4335 32.8 16.5 92.8 16.0 38.5 38.5 81.0
345 46.6 26.5 80.0 365 33.5 47.0 28.5
68.5 55.5 43.0 82.0 63.0 73.5 69.5 8L.S
52.0 430 520 83.0 64.0 556 54.6 230
6-12-- o041~ 6.0 812" 0.0 0.0 0-17=~  S5T.5%
28.5- 037+ 1407 61.0- 14 5- 20.0* 0-24-  75-100%*
565 585 456 8.5 61.5 61.5 64.0 84.0
320 56.5 350 31.0 50.0 39.5 51.5 84.5
570 65.5 395 8i.S 90 45 71.5 " 870

330 42.0 226 7ia 27c 270 440 936 -
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Mycotoxin Deteciion

Prior tc Chemical detection Afrer chemical detecrion

chemical - -

deteciion p-Anisgldehyde FeCl; p-Anisaldel; de FeCh

(UV, 366 (UV, 366 nm}

Ochratoxin B b — — b —
Ochratexin C k — — k —
Patulin v g a & —
Penicillic acid — B - « —
Rubratoxun B a a — o —
Rugulosin ¥ v v v —
Seczlonic acid c i a g —
Sterigmatocystin a b i a x
Terreic acid # B 5 2 4
T-Z toxin b 8 — o —
Trichothecin — a — m —
Viridicatum toxin o — o o -—
Zearalenone b n — 4 u

b i i r r

Mycophenoiic acid
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Detection reagents

{1} A solution of p-anisaldehyde, consisting of a mixture of 0.5 ml of p-anis-
afldehyde, 85 mi of msthanol, 10 m! of glacial acetic acid and 5 ml of concentrated
sulphuric acid was prepared just prior to uss®.

(2) A 19 solution of iron(liE) chloride in ethanol’.

Betection

The developed silica gel G plates were detected under UV light (UVIS,
Pesaga, Heidelberg, G.F.R.) at a wavelength of 366 am and the Silufol sheets at
wavelengths of 366 and 254 nm. One series of chromatograms was detected by spray-
ing with p-znisaldehyde reagent®. The silica gel G plates were then heated for 15-20
min at 130° and the Silufol sheets for 15-20 oun at 69° {SiHufol sheets are bonded with
statch and become black ar higher temperaiures).

The second series of chromatograms was detected by spraying with the 19
solution of iron(Iil) chlcride in ethanol®. After spraying with the detection reagents,
the chromatograms were checked again under UV light (as prior to the chemical
detaction).

RESULTS

When comparing Ry values on uncleaned silica gel G plates (plates not devel-
oped in the corresponding system but containing only a standard moisture content
bemg placed in a desiceator) with Ry values on cleaned silica gel G plates and on
clezned Silufol shests i paraliel experiments, the highest variations mn the Rp values
w re found for the uncleaned sitica gel G plates. lower variations for the cleaned
silica gel G pilates and the lowest variations for the cleaned Sifufol sheets. The sifica
gel G plates 2nd Silufol sheets were develepead prior o application of the sample as
otherwise in some systems (especially systems A and D) a fiuorescent strip appeared
in one third or m the middle of the developed plate. This flucrescent strip stopped
scmie spots at its front and thus the R valuess were distorted.

From the paralief experiments on cleaned silica gel G plates and Silufo! sheets,
average Ry values were calculated. In Table I, these average Ry valtes and results
with all detection methods are given.

The Ry values of individual substances were plotted against the solvent sys-
tems and characteristic “‘chromatographic spectra’™ were thus obtained for each
mezabolite under defined conditions. Examples of the chromatographic spectra ob-
taimed on cleaned Silufol sheets for afiatoxin B,, AME, kojic acid and trichothecin
are shown in Fig. 1. These metabolites differ in their chemical structures and chro-
matographic specira.

From the fungal secondary metabolites, macrolide antibiotics with known
eytotoxicity™>2! were also znailvzed by the method descrmibed. The Ry values orn
previcusly developed silica gel G plates and Silufol sheets and the results of the
phvsical and chemical detection of these metabolites are given in Table IL

DISCUSSION

Chromatographic systematic analyses of various compounds are known.
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SOLVENT SYSTEMS

Fig. 1. Chromatographic spectra of secondary metabolites on cleaned Silufol shests. (a) Afiatoun
B:, (B} AME, (¢} kojic acid. and (d} trichothecin.

Reio* described a paper chromatographic “reference system’ for about 430 phenol
derivates, mould metabolites and related compounds and for about 270 mono-, di-
and trihydric phenol derivatives and varicus compounds of biochemical interest™s.
He developed the compounds in six solvent systems, and ten detection reagents and
ultraviolet light were used for their detection. The Ry values of each compound were
recorded on documentation reference cards in a form of “chromatographic spectrum™
and the results of the detection were designated by a numerical index. Van Sumere
et al.** obtained Ry values and described the detection of 93 phenolic substances and
coumarins on thin lavers using two solvent systems. They pointed out the advantages
of using steamed plates in order to obtain a better separation of substances with simi-
far polarities. A systematic analysis of antibiotics by paper chromatography has been
described?®®. In the first stage, antibiotics were analysed simultaneously in four prin-
cipal solvent systems and classified zccording to the results into 5 classes and 14 sub-
classes. Subsequently, supplementary systems were used and ““summarized chroma-
tograms”™ for 62 antibiotics were obtained. A systematic analysis of antibiotics by
TLC was described by Aszalos er @25, in which 84 antibiotics were classified mto
four main classes according to their Ry values in three solvent systems. By the further
application of Il solvent systems, they obtained 15 sub-groups. For the routine
identification of lichen-forming fungi by TLC, Culberson and Kristinsson®” developed
a systematic analysis of 104 products in three solvent systems. Spots of unknown
substances were divided into eight classes according to the R values relative to the
Ry values of two standard lichen substances. They recorded their results on cards in
a similar manner to Reio. They consider that the advantage of using the By values
for reference substances to which the By values of unknown substances are related,
in comparison with the absolute Ry values of unknown compounds, consists in &
smaller variation of the relative Ry values as a result of changes in the conditions of
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the environment compared with the absolute R, values. Different aspects of the
systematic analysis of substances, especially those of pharmaceutical interest, by
paper and thin-layer chromatography were discussed by Macek®®.

We investigated 43 mycotoxins and other fungal secondary metabolites by
means of our systematic TLC analysis in eight solvent systems. From the results, a
characteristic chromatographic spectrum for each substance was constructed (Fig. I}
which is used as ome of the primary criteria when comparing unknown mycotoxins
isolated from different materials.

The solvent systems chosen have different polarities. Systems of low polarity
are E, C, and F, those of medium polarity are G, A and B and the most polar are D
and H. Systems that give a large scatter of Ry values for different mycotoxins are
advantageous. The greatest scatter of R valves is obtained with the systems of me-
dium polarity.

On comparing the average R values for all of the substances analyzed on
cleaned silica gel G plates and cleaned Silufol sheets, the Iatter were found to give
lower Ry values.

Table I includes metabolites which gave “tails in certain systems. Other
metabolites moved in the form of elongated spots in some systems. The numerical
limits given in the table indicate the beginning and the end of these elongated spots.
The greatest problem occurred in the chromatography of rubratoxin B, which gave
fong tails along the whole length of the silica gel G plates when systems B and I were
used. The sample of rubratoxin was probably not homogenecus as in system D, for
example, it was separated into eight spots on Silufol sheets.

In Table L. the results of chemical and physical detection are indicated by
letters. When evaluating the colour of a spot after chemical detection, it is sometimes
difficult to define the colour {e.g., light brown, beige, grey-brown, etc.). Similar prob-
Iems are encountered in the exact description of fiuorescence in physical detection
fe.g. light yellow, veliow-orange, etc.). With Silufol sheets, the spots were checked
prior to the chemical detection under UV hight at 366 nm (fongwave UV light) and
254 nm (shortwave UV light). In Table I, results obtained under fongwave UV light
are given. Under shortwave UV light, the spots fluoresced at the same wavelength
but with lower intensity and luminance.

When comparing the chromatographic spectra of the individual metabolites
and their chemical structures, we can draw the following conclusions. Aflatoxins have
similar chromatographic spectra but when sterigmatocystin with a related chemical
structure (coumarin) is added to this group, its resulting chromatographic spectrum
is different. Similarly, when comparing metabolites from the scirpens (diacetoxy-
scirpenoi, T-2 toxin and trichothecin), their chromatographic spectra are also dif-
ferentiated.

Qur amm, however, was not to investigate the relationships between the
chemical structures and chromatographic spectra of fungal metabolites. The signifi-
cance of this systematic analysis is in the use of chromatographic spectra as one
of the fundamental characteristics which, together with other data (melting point,
molecular weight, mass and infrared spectra, etc.}, helps to identify unknown myco-
toxins. By means of the chromatographic spectrum of an unknown substance, it is
possible to carry out a preliminary identification of the metabolite obtained simply
and rapidly, without expensive equipment, by comparing it with the known chromato-
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graphic specira, or to ehiminate the known metabolites from the unknown. We expect
to use this system in the screening of mycotoxins, where it can be combined with the
bioautographic detection of chromsatograms employving an undemanding faboratory
model, Artemia salinag tarvae™t. The bioautographic detection of mycotoxins on thin-
iayver chromatograms is suitable especially at the stage where the unknown myco-
toxins are available only in the form of criude extracts.
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