
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

A Guide to Thin-Layer Chromatographic Systems for the Separation of
Aflatoxin B1, B2, G1 and G2
Haleem J. Issaqa; William Cutchina

a Chemical Carcinogenesis Program Frederick Cancer Research Center, Frederick, MD

To cite this Article Issaq, Haleem J. and Cutchin, William(1981) 'A Guide to Thin-Layer Chromatographic Systems for the
Separation of Aflatoxin B1, B2, G1 and G2', Journal of Liquid Chromatography & Related Technologies, 4: 6, 1087 — 1096
To link to this Article: DOI: 10.1080/01483918108059605
URL: http://dx.doi.org/10.1080/01483918108059605

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918108059605
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF L I Q U I D  CHROMATOGRAPHY, 4 ( 6 ) ,  1087-1096 (1981) 

A G U I D E  TO THIN-LAYER CHROMATOGRAPHlC 

SYSTEMS FOR THE SEPARATION OF AFLATOXIN 

B1, B2, G1 and G2 

Haleem J .  I ssaq  and W i l l i a m  Cutch in 

Chemical Carcinogenesis Program 

Freder i ck  Cancer Research Center 

F reder i ck ,  MD 21701 

ABSTRACT 

The separa t i on  o f  a f l a t o x i n  B1, B2, G1 and G2 was compared on s i x  com- 

merc ia l  s i l i c a  ge l  p l a t e s  i n  twe lve  s o l v e n t  systems. Two o f  t h e  s o l v e n t  

systems, ch1oroform:acetone:ammonium hydrox ide  (90: 10:0.25) and ch lo ro fo rm:  

acetone:hexane (85:15:20) reso lved  t h e  f o u r  a f l a t o x i n s  on a l l  t h e  t e s t e d  

p l a t e s .  

t hese  compounds. 

The s o l v e n t  m o d i f i e r  p layed  an i m p o r t a n t  r o l e  i n  t h e  r e s o l u t i o n  o f  

The e f f e c t  o f  t h e  hardness o f  t h e  p l a t e  i s  a l s o  d iscussed.  

INTRODUCTION 

A f l a t o x i n s  a r e  w e l l  known t o x i c  compounds which have been shown t o  be 

ca rc inogen ic  i n  a number o f  animal spec ies (1). 

t h e  separa t i on  o f  a f l a t o x i n  B1, B2, G1 and G2 i s  t h i n - l a y e r  chromatography (TLC), 

and many chromatographic system have been desc r ibed  f o r  t h e  s e p a r a t i o n  of t h e  

d i f f e r e n t  forms i n  which t h i s  carc inogen occurs.  Manufacturers  o f t e n  recom- 

mend s p e c i f i c  s o l v e n t  system be used w i t h  t h e i r  p l a t e s .  For example App l i ed  

Science ( 2 )  recommend ch1oroform:acetone:water (88:12:1.5) w i t h  t h e i r  Adsorbs i l  

The p r i n c i p a l  technique f o r  
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1088 ISSAQ AND CUTCHIN 

p l a t e ,  and Whatman, I n c .  ( 3 )  ch1oroform:tetrahydrofuran (9O:lO) w i t h  t h e i r  K5F 

s i l i c a  ge l  p l a t e .  The l i t e r a t u r e  i s  a l s o  f u l l  o f  d i f f e r e n t  systems which 

inc lude,  ch loroform,  acetone, water, a c e t i c  ac id ,  hexane, benzene, te t rahyd ro -  

fu ran  ... e t c .  i n  va ry ing  p ropor t l ons .  

a n a l y s t  f i n d  the bes t  so l ven t  system f o r  t h e  separa t i on  o f  t h e  f o u r  a f l a t o x i n s  

(B,, B2, G1 and G2) u s i n g  pre-coated, commercial s i l i c a  ge l  p l a t e s .  

We undertook t h i s  s tudy t o  h e l p  t h e  

Aflatoxin B1 Aflatoxin B2 Aflatoxin GI Aflatoxin G2 

EXPERIMENTAL 

TLC p l a t e s  were purchased f rom d i f f e r e n t  manufacturers, Table I ,  and 

used d i r e c t l y  from t h e i r  con ta ine rs  w i t h o u t  p recond i t i on ing ,  un less i n d i c a t e d  

otherwise.  A l l  so l ven ts  were d i s t i l l e d  i n  g lass (Burd i ck  & Jackson, Muskegon, 

M I ) .  

J.T. Baker. 

Labora to r ies  and used w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  The i n d i v i d u a l  a f l a t o x i n s  

were d i sso l ved  i n  benzene :ace ton i t r i l e  (98:Z). 

development and d ry ing .  were observed under an e x c i t a t i o n  wavelength o f  3GG nm 

i n  a v iewing box (Brinkman, Westburry, N Y ) .  

were made w i t h  a Perlt in-Elmer model NPF-3 Fluorescence Spectrophotometer equipoed 

w i t h  a spec ia l  TLC scanning attachment. A l l  TLC work was performed under s o f t  

f l u o r e s c e n t  l i g h t  (General E l e c t r i c  F 4 O G O )  which i s  low i n  vo l tage  ou tpu t  

below 500 nm. 

(2 -12 )  as t h e  ones most o f t e n  used f o r  a f l a t o x i n  separat ions,  and a r e  l i s t e d  

i n  Table 11. 

Ace t i c  a c i d  and ammonium hydrox ide s o l u t i o n s  were ob ta ined  f rom 

A f l a t o x i n  B1, B2, G, and G2 were purchased from App l i ed  Science 

The p la tes ,  a f t e r  s p o t t i n g  

Q u a n t i t a t i v e  f l u o r e s c e n t  wasurements 

The s o l v e n t  systems compared were se lec ted  f rom t h e  l i t e r a t u r e  
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SEPARATION OF AFLATOXINS 1089 

Method: 

and developed in a standard developing tank. 

and then l e f t  to  dry in a hood. 

made a t  an exc i ta t ion  wavelength of 366 nm and emmission wavelength of 425 nm. 

Caution: 

The 5 X 10 cm plates were quant i ta t ive ly  spotted using a micropipet, 

P la tes  were developed fo r  7 cm, 

Quant i ta t ive  fluorescence measurements were 

Aflatoxins a re  carcinogens, and should be handled ca re fu l ly  in a 

chemical fume hood w i t h  appropriate precautions ( 1 3 ) .  

RESULTS & DISCUSSION -_ 
One objective of t h i s  study was t o  f i n d  a solvent systems t h a t  will 

separate a f la toxin  B,, B2, G ,  and G2 on any commercially ava i lab le  pre-coated 

s i l i c a  gel p la tes .  

this study, a r e  l i s t e d  i n  Table I .  

in the  l i t e r a t u r e  f o r  the separation of the a f la toxins  a re  l i s t e d  in Table 11. 

Another objective was to  see whether a f la toxins  could be separated 

on pre-coated p la tes  without preactivation before development i n  an unequilibrated 

tank. 

and be developed t o  a height of 16 cm i n  an equi l ibra ted  tank. 

the af la toxins  on a warm pla te  which was then developed i n  an equi l ibra ted  

tank fo r  1 hour. 

The plates most commonly used, and which were selected f o r  

The solvent systems frequently mentioned 

Stoloff e t  a1 ( 5 )  suggests t ha t  the p la t e  be stored in a dess ica tor  

Pons (14) spotted 

Beljaars (15) recommends the ac t iva t ion  of the p l a t e  before 

TABLE 1 

SILICA GEL PLATES USED 

LAYER 
PLATE NAME THICKNESS MANUFACTURER 

1 Silica Gel 60 0.25 rnm E. M. Laboratories Inc. 

2 K5F 0.25 mrn Whatman Inc. 

3 HPTLC 0.20 rnrn E. M. Laboratories Inc. 

4 Sil G 25 HR 0.25 rnm Brinkrnann Instruments, Inc. 

5 Adsohsil I 0.25 rnrn Applied Science Laboratories, Inc. 

6 Silica Gel IBF 0.20 rnrn J. T. Baker Chemical Co. 
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1090 ISSAQ AND CUTCHIN 

TABLE II 
SOLVENT SYSTEMS EXAMINED 

SOLVENT 

A 

6 

C 

D 

E 

F 
G 

H 

I 

J 
K 
L 

Ch1oroform:Acetone:Water 

Ch1oroform:Tetrahydrafuran 
Ch1oroform:Acetone 

6enzene:Methanol:Acetic Acid 

Ch1oroform:Acetic Acid:Ether 

Ch1oroform:Acetone:Ammonium Hydroxide 

Ch1oroform:Acetone:Hexane 

Ch1oroform:Methanol 

To1une:Ethyl Acetate:Formic Acid 

To1une:Ethyl Acetate:Chloroform:Formic Acid 

6enzene:Ethanol 
Ch1oroform:Methyl lsobutyl Ketone 

RATIO 

88:12:1.5 
9 o : l O  
B0:lO 
m55 
17:1:3 
W10:0.25 
851 520 
4:l 
6:3:1 

7050:5020 
955 
4 1  

- 

and a f t e r  spotting, removal of the edges t o  prevent edge e f f ec t s ,  develoment 

in the dark, and preparation o f  the solvent mixture just before use. 

To save on m t e r i a l  and time, we used 5 X 10 cm pla tes .  Although we 

found the  use o f  5 X 20  cm plates gave be t te r  resolution, the separations 

on 5 X 10 cm plates ( 7  cm development) were adequate f o r  this  study. 

was espec ia l ly  t rue  when HPTLC p la tes  were used. 

p la tes  a re  activated before shipment, we did not f ind  i t  necessary t o  ac t iva t e  

the p la tes  again. 

T h i s  

Since comnercial pre-coated 

Our r e su l t s  ind ica te  t h a t  preactivation does not improve separation. 

On the contrary, separations were be t t e r  and p la tes  required l e s s  time to  

develop without preactivation. Table I11 shows the  separations achieved on 

six d i f f e ren t  plates developed i n  the each o f  12 solvent systems l i s t e d  i n  

Table 11. 

Table 111 reveals much which merits discussion. Although on p l a t e  6 

(S i l i ca  Gel I B F ,  p l a s t i c  backing) the four a f la toxins  were not resolved in 
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1092 I S S A Q  AND CUTCHIN 

10 o f  t h e  12 t e s t e d  s o l v e n t  systems, they  were r e s o l v e d  by s o l v e n t s  F and 

G. 

Whatman, I n c .  (So lven t  B), f o r  t h e i r  p l a t e s ,  d i d  n o t  g i v e  t h e  bes t  separa t i ons .  

Table 111 a l s o  shows t h a t  when the  App l i ed  Science Labora to r ies  Systems was 

used ( p l a t e  5 w i t h  s o l v e n t  A)  t h e  R f X I O O  va lues were 87, 80, 74, 65. 

when the  same p l a t e  was developed i n  s o l v e n t  B. b e t t e r  separa t i ons  were ob ta ined  

(80, 61, 53, 42). The same was t r u e  o f  t h e  Whatman, I n c .  System ( p l a t e  2 

w i t h  s o l v e n t  B) .  

p l a t e  was developed i n  s o l v e n t  I o r  J ,  t h e  r e s u l t s  were 52, 44, 39, 31, and 

52, 46, 40, 33 respec t i ve l y ,wh ich  g i ves  b e t t e r  r e s o l u t i o n  o f  B1 f rom B2, and 

G, from G2. I t  was a l s o  observed t h a t  a l l  s i x  p l a t e s  would r e s o l v e  t h e  f o u r  

a f l a t o x i n s  i f  t h e  r i g h t  s o l v e n t  system was used ( s o l v e n t s  F and G). When t h e  

wrong s o l v e n t  system was used ( s o l v e n t  H ) ,  none o f  t h e  a f l a t o x i n s  was reso lved .  

Solvents  K & L performed a l i t t l e  b e t t e r  t han  So lven t  H b u t  n o t  much, under 

our  exper imenta l  c o n d i t i o n s .  

by the  mob i l e  phase i n  t h i n  l a y e r  chromatography. 

b e t t e r  separa t i on  than any o t h e r  p l a t e  i n  6 o f  t h e  12 s o l v e n t  systems, namely 

( A ,  B, C, D, G and K), w h i l e  t h e  HPTLC p l a t e  gave b e t t e r  separa t i ons  than  o t h e r s  

w i t h  so l ven ts  E and L.  The Brinkman p l a t e  gave b e t t e r  separa t i ons  w i t h  so l ven ts  

F and J ,  and Whatman, Inc . ,  K5F p l a t e  w i t h  so l ven ts  I and J .  

The s o l v e n t  systems recommended by A p p l i e d  Science (So lven t  A), and by 

However, 

R f X I O O  values were 57, 61, 72, 76, w h i l e  when the  same 

Th is  shows t h e  impor tance o f  t h e  r o l e  p layed  

The Adsorbs i l  p l a t e  gave 

Looking a t  t he  p l a t e s  i n d i v i d u a l l y ,  the s o l v e n t  system g i v i n g  t h e  b e s t  

separa t i on  i s  l i s t e d  i n  Table I V .  

So l ven t  systems F and G were found t o  g i v e  good separa t i ons  w i t h  a l l  t he  

p l a t e s  we tes ted .  

t o  r e s o l v e  the  f o u r  a f l a t o x i n  on p l a t e  6. 

As a m a t t e r  o f  f a c t ,  so l ven ts  F and G were the  o n l y  so l ven ts  

TABLE IV 

P1 a te3  1 2 3 

Sol v e n t  G I o r  G E 

4 

F 

5 

B 

6 

G 
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SEPARATION OF AFLATOXINS 1093 

I n  t h i s  study, 4 o f  t h e  12 so l ven t  systems were a combinat ion o f  c h l o r o -  

form and acetone, w i t h  o r  w i t h o u t  a m o d i f i e r .  

acetone 9O:lO) was used,the r e s o l u t i o n  o f  a f l a t o x i n  B2 from G1 was poor .  

However, t h e  a d d i t i o n  o f  a drop o f  ammonium hydrox ide ( s o l v e n t  F) imoroved 

t h e  o v e r a l l  r e s o l u t i o n  and t h e  a f l a t o x i n s  were separated on p l a t e  6. When 

water  was added t o  so l ven t  A ,  a s l i g h t  improvement over  s o l v e n t  C, was observed. 

Wi th s o l v e n t  G,the a d d i t i o n  o f  hexane and an a l t e r a t i o n  i n  t h e  r a t i o  o f  

ch lo ro fo rm and acetone n o t i c e a b l y  improved t h e  r e s o l u t i o n  on a l l  t h e  t e s t e d  

p l a t e s .  

( s o l v e n t  8) a b e t t e r  o v e r a l l  r e s o l u t i o n  was observed (see Table 111). 

When so l ven t  C (ch loroform:  

When t h e  acetone i n  s o l v e n t  C was rep laced  by te t rahyd ro fu ran ,  

These r e s u l t s  i n d i c a t e  t h a t  t h e  m o d i f i e r  i n  t h e  s o l v e n t  system can p l a y  

a major  r o l e  i n  ach iev ing  separat ions i n  t h i n  l a y e r  chromatography. 

E f f e c t  o f  ammonia i n - s o l v e n t  F on a f l a t o x i n  separa t i on  and decomposit ion. 

Sol ven t  F, c h1oroform:acetone :ammoni um hydrox ide (90: 1O:O .25)  gave good 

separa t i on  o f  t h e  f o u r  a f l a t o x i n s  on a l l  t he  p l a t e s  t e s t e d  i n  t h i s  s tudy 

(Table 111). 

t h i s  compound has been recommended as a d e t o x i f i c a t i o n  agent f o r  a f l a t o x i n s  ( 7 ) .  

However, we found t h a t  t h e  l e v e l  we used d i d  n o t  appear t o  l e a d  t o  any l o s s  

o f  t h e  a f l a t o x i n s .  

t h e  f o u r  a f l a t o x i n s  and developed i n  so l ven ts  G and F,  we found t h a t  t h e  areas 

under t h e  peaks ( F i g u r e  1 )  were t h e  same. 

ammonium hydrox ide was increase t o  1% we d i d  f i n d  evidence o f  d e s t r u c t i o n  

o f  t h e  s t a r t i n g  m a t e r i a l .  

i nco rpo ra ted  i n t o  the  so l ven t  system, the  l e v e l  be no more than 9 .51 .  

We were apprehensive about us ing  ammonium hydrox ide because 

Using f luorescence scanning o f  two p l a t e s  spo t ted  w i t h  

However, when t h e  l e v e l  o f  

We recommend t h a t ,  when a m n i u m  hyd rox ide  i s  

____ The E f f e c t  o f  t h e  Sof tness o r  Hardness o f  t h e  Cpat ing on Separat ion.  O f  t h e  

s i x  p la tes ,  4 and 5, have s o f t  l aye rs ,  w h i l e  t h e  o t h e r  f o u r  have hard coats .  

Sof tness o r  hardness i s  determined by t h e  b i n d e r  used and t h e  way t h e  p l a t e  

i s  made. 

Gypsum, which i s  used as a b inde r  i n  p l a t e  4 ,  does n o t  g i v e  as ha rd  a coat ing,  

I n  p l a t e s  1, 2, 3 and 6 t h e  b inde r  i s  a polymer, sodium polyacry lamide.  
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a b 

Time 

Figure 1.  

development i n  ( a )  s o l v e n t  G, and (b )  s o l v e n t  F, a t  an e x c i t a t i o n  and 

emiss ion wavelengths o f  366 nm and 425 nm, r e s p e c t i v e l y .  

A t r a c e  o f  t h e  f l u o r e s c e n t  scan o f  t h e  f o u r  a f l a t o x i n s  a f t e r  

as t h e  polymer. 

coat ,  which i s  d i f f i c u l t  t o  handle, w i t h o u t  damage. 

A d s o r b i s i l  p l a t e  ( p l a t e  l ) . gave  t h e  bes t  separa t i on  i n  6 o f  t h e  12 s o l v e n t  

systems. 

P l a t e  5 does have a gypsum b inde r  t h a t  g i ves  a ve ry  l oose  

The s o f t e s t  coat ing,  t h e  

P la tes  3 and 6 have t h e  same b inde r  and t h e  same c o a t i n g  th i ckness  b u t  a 

d i f f e r e n t  type o f  p la te -back ing  g lass  - p l a s t i c  poly(ethy1ene t e r p h t h a l a t e ) .  

and the  separations a r e  very d i f f e r e n t  (see Table 111). Th is  may be 

due t o  t h e  p a r t i c l e  s i z e  o r  t h e  back ing.  

s i z e  g i ves  a more e f f e c t i v e  separa t i on .  

r e s u l t s  were comparable except i n  s o l v e n t  E, w i t h  p l a t e  1 g i v i n g  s l i g h t l y  

b e t t e r  r e s o l u t i o n .  

We b e l i e v e  t h a t  t h e  s m a l l e r  p a r t i c l e  

When p l a t e s  1 and 2, were comoared t h e  
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Another aspect  t h a t  should be taken i n t o  c o n s i d e r a t i o n  i s  t h e  s i z e  o f  

The HPTLC p l a t e  gave a no re  comoact snot  than t h e  spo t  a f t e r  development. 

t he  o t h e r  p l a t e s .  

a r e  b e t t e r  than w i t h  t h e  o t h e r  p l a t e s .  

t h e  separa t i on  o f  t h e  a f l a t o x i n s  on t h e  Adsorbs i l  - 1 p l a t e  were b e t t e r  than 

w i t h  t h e  o t h e r  p l a t e s  (Table 111) t h e  r e s u l t i n g  spo ts  were d i f f u s e d ,  which 

means l e s s  mo lecu les /un i t  area. 

s i z e  and u n i f o r m i t y  o f  t h e  s i l i c a  ge l  p a r t i c l e s  and so f tness  o f  t h e  coa t ing .  

Th is  means t h a t  r e s o l u t i o n ,  d e t e c t i o n  l i m i t s  and s e n s i t i v i t y  

They a l s o  develop f a s t e r .  A l though 

These d i f f u s e d  spots  may a r i s e  f rom t h e  

CONCLUSION 

The o b j e c t i v e  o f  t h i s  s tudy was t o  f i n d  o u t  i f  i t  i s  p o s s i b l e  t o  separate 

a f l a t o x i n s  B1, B2, G1 and G2 on s i x  precoated, commercial s i l i c a  ge l  TLC 

p l a t e s ,  w i t h o u t  p r e a c t i v a t i o n .  Two s o l v e n t  systems, ch1oroform:acetone: 

ammonium hydrox ide (90: 10:0.25), and ch1oroform:acetone: hexane (85: 15:ZO) 

reso lved  t h e  f o u r  a f l a t o x i n s  on a1.l t h e  s i l i c a  g e l  p l a t e s  t e s t e d .  

I t  was a l s o  shown t h a t  ( a )  t h e  so l ven t  m o d i f i e r  p lays  an impor tan t  r o l e  

i n  ach iev ing  a good r e s o l u t i o n  o f  these compounds on s i l i c a  ge l  TLC p la tes ,  

and t h a t  ( b )  when t h e  r i g h t  s o l v e n t  system i s  se lec ted  separa t i on  can be 

achieved. 

i n  l i q u i d  chromatography. 

This shows t h e  importance o f  t h e  r o l e  p layed by t h e  mob i l e  phase 
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