
SYSTEPVfATLC ANALYSIS OF MYCOTOXINS BY TKIN-LAYER CHROMA- 
TOGRAPHY 

The am& sis of 37 mycotoxins and other fungal metabolites by thin-layer chro- 
matography IS described. ‘Their RF values in eight solvent systems, colour reactions 
after chenucal detection and detecdon under UV light are presented. From rhe RF 

vatues, “chromatographic spectra” which can be used as one of the characteristics 
for the characterizatron of unknown mycotoxins were constructed. 

Recently. increasing attention has been pard to the anafysis of mycotoxins: of 
which over ZOO are known at present. and screenin g methods for mycotoxins in 
contaminated products have been sought. Eppleyr described a thin-layer chromato- 
graphy (TLC) screening method for zearatenone, afiatoxin and cchratoxin. Steyn” 
developed a chromatographic separation and detection of eleven mycotoxins on thm 
Iayers. Fish&in and Falk3 elaborated TLC procedures for five nycotosins (a&toxtns, 
ochratoxins, aspertoxin, O-me~yIsteri~atoc~stIR and steriLaatocystin) and some 
other fungal metabolites. The chromatography of eighteen rnycotosins in two dif- 
ferent systems on thin layers and a combination of detection under UV tight WI& 
spraying with p-anisaldehyde was applied by Scott ei ~i_~ in the screening of fungat 
e.xtracts. Stoloti ef ai_5 described selective extraction methods for afiatoxins. ochra- 
toxins, zearalenone, steri_gmatocystin and patuhn and characterized these mgco- 
toxins by TLC. The method ~&as applied to digerent substrates and detection limits 
sufficient for the screening of mycotoxins were determined. 

AnaIytical procedures for afiatoxins are best worked out in comparison with 
those for other mycotoxins. Jones6 gave a survey of quahtative and quandtatrve TLC 
methods for aflatosins. The most recommended material for TLC is silica gel. 

The use of high-pressure Liquid chromatography for the separation of &a- 
toxins’ and gas chromatography for attenuenep, patuli~~ and penrcrffic acid’* has been 
descriied. However, TLC, owing to its simplicity, is the most frequently used chro- 
m&graphic tech&w for mycotoxins. 



Ia Ehis pa&per, ii systematic analysis of 37 myc&rcins and 5 other fungal 
mef3bolitee-F bq TLC in e$bt soivcnt systems combined wit& ph~siczl and chemical 
detxiioer methods is described. ExampEes of the application of these procedures to 
the is&&ion and charazterization of both ~EXXWT and unkfrow~ mycotoxins by use 
of &romatographic bioarrtogr.zphy an described in c&e next psrpe?. 

We used the foEIowing mycotoxms and firq2S secondaq- metabolites @wer- 
case letters in Farentbeses refer to l Jre sources @en below): 3-acetamido-+hydroky-2- 
bc’enoic acid--/-iactone (a), &2to:Sn Bz (b, c), af2atoti B, cd), a9atoxirz Gl (c). 
2fktotor;ln G2 fd), a%toxm MI (c), alrenuene (ej* a&errrarloE (e), aZternariol mono- 

methyi eL&er (AME) (e), as_p~&Eic acid (r), citreoviridin (f), cirrinin (r)_ curvularin 
@)_ cyanefn (rj, cytochafasfn A (3): cytochaiesin B fhj, cytoctakisin D (h), diacetoxy- 
scirpenol (ij, N,N’~~nzyleF~y~e~ed~~~~e (DEED) (e)_ frrsatic acid (L-j, ,&ototin 
(r), ~r~~ofu!vin (r), helvol~c acid (r)t kojk acid fr), EuteoskyFm 0, monorden fk), 
m~cophenotrc acid (r): nivaienol (1): ochr~~toxin A (f, I, m); ocbrratotin B fd), ocbr~- 
toxin C (d), patufin (a). peniciE& add (II), rnbratoti~~ B (I). ru@osin (r)? secalonic 
acid (f), steri~atocystin (f, I), terreic acid (r), T-2 toxin (a, m, o), trichothecin (rj, 
vermiculin (p), viridicatrrm toxin (f) and zearalenone fd). 

The scurces of t&e net&oirtes were as folio~s: (~j Dr. S. G. Yates, U.S. 
Department of X&ult,ure, Xo_rther~~ Re&nal Resesrcfi Laboratories, Peoria, Elf., 
U.S.X.; (‘0) Serva Feinbiochemica, Mt!delberg. G.F.R.; (c) Dr. L. Shoetwe~~, U.S. 
Depanmerrt of rZ~cuLture, Northe,= Research Labo~tories, Peoria, IB., U.S.A.; 
fd) Dr. R. M. Epptey, Divvlsioil of Food Chemisq znd TechnoIo_q, W~.&ington. 
D-C., U.S.A.; (e) Dr. R. ?V. Pero, N2tional Institute of Entiromnental Hc2lth 

Sciences, Research Ttian& Park, XC., U.S.A.; (f) Cr. P. S. Stqn, National 
Cbzmistry Research Laboratories , Pretoria. Sorsth Africa; (g) Dr. Richard, School of 
Chsmic& Research, Canberra, Australra; (h) Dr. Ch. Tamm, Enstitut filr organ&he 
Chzmie der Universidt, Basle, Swtzerland: (I) Dr. P. M. Scott, Food md Nntrition 
Division, Dep&mer?t of Nationai E&&h, Ottawa. Ontrri~, Canada; (k) Dr. S. 
Wilkkson, Welfcome Research E_abo,%tories, Beckerrham, Great Britain; (I) Cd- 

biochem, London, Great B&k&; (m) Dr. R. D. Wyatt, Department of Poultry 
Scic~2cq MO& fkrolirra St&e Universsitys XC., U.S.A.; (-ix) Dr. K. I, Minti&, 

Institut Er B&eriofo@e und Xistotose, Kuimbach, G.F.R.: (o} Dr. Ef, R. 
Bu_xneister, ARS Cultxxe Collection kwesti&ons Ferment&ion Laboratory, i 815 
North University Street Peoria, HI., U S.A. ; (p) Dr. J. Fuska, this Depanmentr anC 
(r) this Dep&tment. 

Stock solutions of fur& metabdi:es were prepared mostly at a concentration 
of I mg/m.L The nuinbers irr parentheses beIow express the actual amxnrs of sub- 
stzzces in micro~ams qqfied on the chroman.?~ams. The foBawti_e solvents were 
csed for the preparation of solutions : aeetone for zitenuene (5): alternariol(2), AME 
(2) and terreic acid {S); benzene for griseoftzlvin {S); benzene-acetonitrIle (98:2) for 



aflatoxins BI (2), B2 (CLO25>, G, (2) and GL (0.025): chloroform for a&toxin M, (0.01), 
4-acetamido-bbydrosy-2-butecoic acrd-y-Iactone (5), aspergilfic acid (IO), citreu- 
viridin (51, cyanein f5)% diacetoxyscirpenot (51, fusaric acid (50), gliotoxin (SIT helvolic 
acid (51, futeoskyrin (z), mycophenolic acid ($ ochratoxin A (21, ochratoxin B (CL05)i), 
oc_hratoxin C (0.2Jt patulin (IO), penicrIIic acid (21, ru&rato_xin B (I 0) ster&atocystm 
(3, T-2 toxin (5). trichothecin (2), vermiculin (5) and zearaienone (2): chloroform- 
methanol (1 :f) for secalonic acid (I) arLd viridicatum toxin (I); ethanof for nivaleno1 
(5) and DBED (5), ethyl acetate for kojic acid (5) and rugntosin (2): and Methanol 
for citrinin @..5> curvulvin (5), cytochafasins A (51, B (5) and D (5) and monordelr 

(3. 

Thin kyers of silica gel G (Merck, Darmstadt, G.F.R.) of thickness 0.25 mm 
were prepared OR glass plates (28 x 20 CM) employing an applicator. Slka gef for 
the appkation was prepared as given in ref. 12. When the p!ates were dry they were 
activated for 2 h at 110”. Eefore use. the plates were cleaned by developing them in 
the system that was subsequently used for their devefopment wrth samples. After 
evaporating the solvents, the plates were stored for 24 II in a desiccator with difute 
sufphuric acid (sp.gr_ I .440). The relative hunridity in the desiccalor was about 4U “/,. 

Pi-e-cuakd thin taJ&r.s. Silufol sheets (Kaudiei. V&ice, Czechostovakia) (20 X 
20 cm) were cleaned and stored in the same manner as the glass plates with silica gel G. 

Sabvefff sysEefns_ 
-4 : benzene-methanol-acetic acrd (24:2 : I)‘. 
B : toluene-etkyl acetate-90 “/o formic acid (6 : 3 : Ij4. 
C: benzene-ethanol (953. 
D : ChlOrOfOrM-MethanOI (4: i). 
E: chloroform-methyl isobutyl ketone (4: I)“. 
F : chloroform-acetone (9 : Ijs. 
G : chloroform-acetic acid-&ethyl ether (17 : I : 3)‘. 
H: n-butanof-acetic acid-water (4:I :f) (upper Iayer). 
AU sokents were purified before use by procedures described by KeiP3. 

Medzod of Gppfieofion and developmen f 
After remavaI from the desiccator, the thin layer or the Silufol skeet was 

covered with a g&s @ate, except the area of the 6iorigim~‘, in order to prevent the 
absorption of moisture from tie air. Thus, a &ativeEy even Moisture content of aIl 
of the plates was reached regardless of the moisture content of the ambient ai?‘. The 
substances to be analyzed were applied to the plates from the stack solutions with 
micropipettes uEder orange light so that the resu%iing amounts Here as given above. 
The spots were dried during appkadon with a flow of cofd air. The plates were 
devefoped in the dark in developing tanks (Zeiss, Iena, G.D.R.) saturated with solvent 
vapour. Each substance was chromatographed in two series in afl eight solvent sys- 
tems both on plates coated with silica gel G and on Sikfol sheets. When the front of 
the sy3eM reached a height of about 10 CM above the origin, the development was 
Interrupted, the chromatogram was dried in air and then detection nas carried out. 
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(1) A sch.Skm of p-anisaldebyde, consisting of .z &ture of 0.5 ml ofp-anls- 
aldehyde, 85 ml of m~~hzncZ, 10 ml of glacral acetic acid and 5 ml of concentrated 
SUlphKiC acid W2S pEp2id just j$TOi to ES+;. 

(2) A I % solution of im-@fI) chloride in ethand’. 

The developed s&a gel G pIsrtes were detected under UV fight &IVES, 
Desaa, Heidelberg, G.F.R.) at i? v favekngth of 366 nm and the SiIuW sheets at 
wavelerzgtbs of 366 and 254 rim. One series of chror;atog~~ms was detected by spray- 
ing wi& p-znisaldehyde rezgent~. The silica gel G plates were then heated for E-20 
nin at 130” and the Siiufcl sheets for 15-20 mm at 60” (Srlufol sheets are bonded with 
s*&ich and become black ar &her temperziuns). 

The seccnd senes of chrcmztcgrams A as detected by spraying w&b the I “/, 
so!uticn of kcsn(II~ cbforide fn ethancF. After spraying with the detection reagex;ts, 
the chromatsgrams were checked 2g2in wder UV Ii&t @.s prior to the chemicaf 
det~zction). 

RESULTS 

When conparing R, values OKI uncleaned silica gezI G pl2tes (plates not devel- 
oped in the ccrrespccding system but con-taming only a s’wndard moisture content 
berg pfzced in 2 desiccator) with R, vaiues on cfea.ned silica gel G plates and on 
cleaned S&.X six&s IEL pzr2IieI experiments, the Highest vari2tions III tie R, values 
w re found for the mctansd si!ica gel G plates. Iower vtiations for the cleaned 
silica gel G pktes and the lowest variarions for the cleaned SXlufol sheets. The sifica 
gel G plates and Si&fcl sheets were deveicped prior EO applicztiion of the sampY_e 2s 
cihemise in some systems (especiz!Iy systems A and D) 2 Euorescenr strip appeared 
in one third or III the middle of the developed plate. This fhuxescent strip stopped 
scme spots at its front 2nd tfrus the RF vales were distorted. 

From the paraIlel expetiments OQ cleaned siIica gel G plates and Silufol sheets, 
zverage RF vafrres xserz c&&ted. fn Table I, these average RF v&es and results 
+ith alf detectIon nethods are given. 

The RF values of individual scbstairces Here plotted agai~~st the solvent sps- 
terns zrzd cixzracteristic “c-bromatograpbic spectra” were thus obtained for each 
mexiclite under defined cond:ticns. Examples of the chromatographic spectrum ob- 
&wed OR c&Red Silufol sheets for z&&toxin BL, AME, k~jj_c acid and tricbothecrn 
zre sf;_own in Fig. I. These metz~bofites difEer in their chemical structures arrd chro- 
m3tc,snpbic specrrz. 

FXXII the fungzl secondstry metabcbtes, nzcrcEde antibiotics with known 
q-i~tcticity’~-‘~ were also ana$zed by the method described.. The RF vzfues OI‘_ 
previously developed siEca se! G pfates and S&f& sheets 2nd the results of the 
physical and cheticat detection of the se meM.xGtes are givers in Table If. 

Chromatogrspbic systematic aca&xs of verlcns compounds are k~~cwn. 
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SOtVENT SYSTEMS 

Fig. I. Chr~rnatognph~c spectra of secondary metabolites on cleaned Sfufol sheets. 0) AAatoun 
B,, (k$ AME, (c) kojic acid_ and (d) rrk~othecin. 

Reio” described a paper chromatographic “reference system” for about 450 phenol 
derivates, mottEd metabolites and related compounds and ~OF about 270 mono-, di- 
and trihydric phenol derivatives 2nd vzrious compounds of biachemrcal interesP_ 
He developed the compounds in si. solvent systems, and ten detection reagents and 
ultravioie~ light were used fOF their detection. The RF values of each compound were 
recorded OR documentation reference cards in a form of “chromatographic spectrum” 
and the results of the detection were designated by a numericaf index. Van Sumere 
et a[.‘” obtained RF vaks and described the detection of 93 phenok substances and 
~~umtin~ on tin lakers using two solvent systems. They pointed out the advantages 
of usmg steamed pfates in order to obtain a better sqaration of substances with simi- 
lar polarities. A systematic analysis of antibiotics by paper chromatography has been 
describedz5. En the first stage, antibiotics :vere analysed simul’kfieousfy in four prm- 
cfpai solvent systems and cIasslfed according to the results into 5 classes and 14 sub- 
classes. Subsequently, supplementary systems were used and “summarized chroma- 
tograms” for 62 antibiotics xere obtained. A systematic analysis of antibiotics by 
TLC was described by Aszafos ef ar’.‘“, in which 84 antrbrotics were classified mto 
four main darses according to their RF values in three solvent systems. By the further 
application of f I solvent systems, they ob&ed 15 sorb-groqx. For the routine 

identikation of IicheE-forming fungi by TLC, Culberson and Kristinsson2’ developed 
a system&c analysrs of 104 products in three solve& systems. Spots of unknown 
substances were divided into eight ciasses according to the RF vhes relative to the 
RF values of two standard lichen substances. They recorded their results on czrds irr 
a s&.&r manner ta Reia. They consider that the zdvantaEe of using the RF values 
for referexe substances to which the RF values of unknown substances are related, 
in comparison with the absolute RF values of un’k~~own compounds, consists in a 
smalfer variarion of the relative R, values as a result of chanses in the conditions of 
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the environment compared with the absolute R, values. Different aspects of the 
systematic analysis of substances, especialiy those of pharmaceutical interest, by 
paper and thin-lqer chromatography were discussed by iMacek%. 

We investigated 43 nqcotoxins and other fungal secondary metabolites by 
means of our systematic TLC anaIysis in eight solvent systems. From the results, a 
characteristic chromatographic spectrum for each substance was construcred (Fig. f) 
Bhich is used as one of the primary criteria when comparing unknown mycotoxins 
isolated from different materials. 

The solvent systems chosen have drfferent polarities. Systems of low poku-ity 
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 RF values for different mycoto_Gns are 
advantageous. The greatest scatter of RF v&es is obtained with the systems of me- 
dium polarity. 

On comparing the average RF valrres for afZ of the substances analyzed on 
cleaned silica gel G plates and cleaned Silufol sheets, the latter uere found to eive 
lower RF values. 

Table I includes metaborites which gave “taifs” 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 rhe end of these elongated spots. 
The greatest problem occurred in the chromatography of rabratoxin Bz9, which gave 
Iong tails along the whole length of the silica geef G plates when systems B and D were 
-used. The sampfe of rubratotin kas probably not homogeneous as in system D, for 
example, it was separated into eight spots on Sllufol sheets_ 

En Table 1. the results of chemical and physical detection are indicated by 
letters. When evaiuating the coIour of a spot after chemical detection, it is sometimes 
di&ult to define the colour (e-g_, fight brown, beige: grey-brown, etc.). S1m3ar prob- 
lems are encountered in the exact description of fluorescence in physical detection 
(2-g. light yellow, yeIfow-orange, etc.). With SIItioI sheets, the spots were checked 
prior to the chemical detection under UV I& at 366 nm (lons+ave UV light) and 
254 nm (shortwave W Iigh:]. In Table I, results obtained under tongwave UV light 
are given. Under shortwake UT/ light, the spots Suoresced at the same wavelength 
but with lower intensity and Luminance. 

When comparing the chromatographis spectra of the indrviduat metabofites 
and their chemical structures, ue can draw the folloning conclusions. Afiatoxms have 
similar chromatographic spectra but when steri_matocystin with a refated chemical 
structure (coumarinj is added to this goup, its resulting chromatographic spectrum 
is different. Similarly, when comparing metabolites from the scirpens (diacetoxy- 
scirpeno1, T-2 toxin and trichothecin), their chromatographic spectra are aIs0 dif- 
ferentiated. 

Our arm, however, was not to investigate the relationshtps between the 
chemiczE structures and chromato_~phic spectra of fungal metabofites. The signif?- 
cance of this systematic a.naIysis 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 chromatogrsphic spectrum of 2n rmknown substance* it is 
possible to carry out a preliminary identification of the metabofrte obtained simply 
and rapidly, without expensive equipment, by comparing it with ‘rl;e known chrolmato- 
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