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THE USE OF HPLCnHERMOSPRAY MS 
FOR THE CONFIRMATION OF 

AFLATOXINS IN PEANUTS 

W. JEFFREY HURSTI, ROBERT A. MARTIN, JR1 
AND C. H. VEST& 

1Hershey Foods Corporation Technical Center 
1025 Reese Avenue 

P.O. Box 805 
Hershey, Pennsylvania 17033-0805 

2Vestec Corporation 
9299 KirLy Drive 

Houston, T m  77054 

A b s t r a c t  

An HPLClThermospray MS method i s  desc r ibed  f o r  t h e  d e t e r m i n a t i o n  o f  

a f l a t o x i n s  61, 8 2 ,  Gi and Gz i n  peanut  e x t r a c t s .  

prepared f o r  a n a l y s i s  u s i n g  an SPE method. 

reve rsed  phase HPLC w i t h  a thermospray MS d e t e c t o r .  

f o r  unequivocal  i d e n t i f i c a t i o n  o f  a f l a t o x i n s  i n  t h e  e x t r a c t s .  

Samples a r e  e x t r a c t e d  and 

The f i n a l  d e t e r m i n a t i o n  u t i l i z e s  

The use o f  t h e  MS a l l o w e d  

I n t r o d u c t i o n  

L i k e l y  t h e  most analyzed o f  t h e  mycotox ins is a f l a t o x i n  I n  i t s  v a r i o u s  

F i g u r e  1 p r o v i d e s  s t r u c t u r e s  o f  t h e  a f l a t o x i n s  o f  i n t e r e s t  i n  t h i s  

S ince i t ' s  d i s c o v e r y  i n  t h e  1960's  as t h e  Turkey X V i r u s  ( 1 )  t h e r e  has 

forms. 

s tudy .  

been extreme i n t e r e s t  i n  deve lop ing  methodology t o  a l l o w  i t ' s  a c c u r a t e  and 

p r e c i s e  a n a l y s i s .  E a r l y  methods cen te red  on t h e  use o f  TLC t o  separa te  t h e  
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2542 HURST, MARTIN, AND VESTAL 

A f l a t o x i n  G I  (MW 328) A f l a t o x i n  C2 (MW 330) 

o o  & L-& 0 / I 

A f l a t o x i n  B1 (MU 312) Af la tox in  B2 (MW 314) 

F i g u r e  1.  A f l a t o x i n  S t r u c t u r e s  

v a r i o u s  a f l a t o x i n s  w i t h  t h e  f i n a l  q u a n t i t a t i v e  s tep  accompl ished by a v i s u a l  

i n s p e c t i o n  or through t h e  use o f  a scanning dens i tomete r .  Many o f  t hese  TLC 

methods a r e  p r e s e n t l y  be ing  used and have o f f i c i a l  r e g u l a t o r y  s t a t u s  (2-4) .  

With t h e  i n t r o d u c t i o n  o f  HPLC i n  t h e  e a r l y  1970 's ,  t h e r e  was inc reased  

emphasis on t h i s  methodology s i n c e  HPLC o f f e r e d  seve ra l  d i s t i n c t  advantages 

ove r  t h e  TLC methodology such as b e t t e r  accuracy and p r e c i s i o n .  

o f f e r e d  t h e  a n a l y s t  a lower  l e v e l  o f  d e t e c t i o n .  The e a r l y  HPLC methodology 

o f f e r e d  d e t e c t i o n  l i m i t s  o f  about  20 ng t o t a l  a f l a t o x i n s  w h i l e  more r e c e n t  

developments p e r m i t s  t h e  d e t e c t i o n  o f  l e s s  than  100 pg t o t a l  a f l a t o x i n  (5 -9 ) .  

I t  a l s o  
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AFLATOXINS IN PEANUTS 2543 

Method developments were modernized w i t h  t h e  emphasis on improvements i n  

sample p r e p a r a t i o n  and c leanup.  These developments cen te red  on t h e  

e l i m i n a t i o n  o f  l a r g e  packed columns t o  i s o l a t e  t h e  a f l a t o x i n s  o f  i n t e r e s t ,  and 

t h e  use o f  d i sposab le  s o l i d  phase e x t r a c t i o n  (SPE) columns (10-13). 

manusc r ip t  r e p o r t s  t h e  use o f  SPE columns t o  i s o l a t e  t h e  a f l a t o x i n s  f rom a 

peanut  sample and t h e  use o f  Thermospray MS t echn ique  as t h e  d e t e c t i o n  system. 

T h i s  

ExDerimental 

Sample P r e p a r a t i o n  

A f l a t o x i n s  were e x t r a c t e d  f rom a r t i f i c i a l l y  contaminated peanut  samples 

u s i n g  a me thano l lwa te r  m i x t u r e  p r i o r  t o  c leanup on  ser ies-connected SPE 

columns. 

n o t  be repeated i n  t h i s  manuscr ip t .  

The method t h a t  was used has been p r e v i o u s l y  p u b l i s h e d  (11)  and w i l l  

HPLC System 

The HPLC system c o n s i s t e d  o f  a Model 600 S o l v e n t  D e l i v e r y  System (Waters) ,  

a Model 712 WISP A u t o i n j e c t o r  (Waters) and a Model 490 UV D e t e c t o r  (Waters) .  

The i n t e r f a c e  used was a Model 201 Dedicated Thermospray Mass Spectrometer  

(Ves tec ) .  The i n t e r f a c e  c o n d i t i o n s  used were T aux = 318°C. T B lock  = 290'C , 

T t i p  - 185°C. 

The HPLC column used was an A l t e x  U l t r a s p h e r e  ODS (5 pm) (4 .6  mm I D  x 25 cm) 

w i t h  a mob i l e  phase o f  0.1M Ammonium A c e t a t e l M e t h a n o l l  

A c e t o n i t r i l e  56/22/22 ( v / v / v )  a t  a f l o w  r a t e  o f  1.0 ml /min.  

The I n t e r f a c e  was o p t i m i z e d  f o r  t h e  m o b i l e  phase o f  i n t e r e s t .  

Standards 

The s tandards for a f l a t o x i n s  B i ,  Bz ,  GI and Gz were o b t a i n e d  f rom Sigma 

Chemical Company and s t o r e d  f r o z e n  u n t i l  needed. A l i q u o t s  were wi thdrawn,  

evaporated under n i t r o g e n  and d i l u t e d  w i t h  methanol .  

were r e f r i g e r a t e d  when n o t  b e i n g  used. 

These work ing  s tandards  
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S c a n  130 12.301 m l n )  o f  V3:  

160 
Mass/Ch a r g e  

S c a n  6 0  ( 1 . 2 0 2  m l n )  o f  V 3 : A  
Fllamnt O f f  

o e .  0 ~ 4  

168 
Has s /Ch ar ge 

S c a n  233 ( 4 . 1 7 8  m l n )  o f  V 3 :  

i 6 0  300 ~ ~- 
Mass/Ch ar ge 

T I C  o f  V 3 : A F L 0 4 . 0  

D I  rcht rgc 

C 

2 4 
Tlmm ( m l n . )  

F i g u r e  2. Mass Spec t ra  o f  A f l a t o x i n  GI i n  Three Thermospray I o n i z a t i o n  Modes 

A n a l y s i s  

A l i q u o t s  o f  b o t h  sample and s tandard  were i n j e c t e d  o n t o  t h e  HPLC column 

u s i n g  t h e  MS i n t e r f a c e  c o n d i t i o n s  s p e c i f i e d  p r e v i o u s l y .  

s tandard compounds were i n j e c t e d  under thermospray i o n i z a t i o n ,  f i l a m e n t  on and 

d i scha rge  i o n i z a t i o n  mode t o  determine t h e  most a p p r o p r i a t e  c o n d i t i o n s  f o r  

these compounds. 

A d d i t i o n a l l y ,  

Results 

A s e r i e s  of  s t u d i e s  were conducted u s i n g  b o t h  t h e  f o u r  s tandard  a f l a t o x i n  

compounds and a l s o  t h e  peanut e x t r a c t .  

MS i n t e r f a c e  c o n d i t i o n s  t h a t  would a l l o w  for t h e  d e t e r m i n a t i o n  o f  t h e  

a f l a t o x i n s ,  t h r e e  modes o f  i o n i z a t i o n  were i n v e s t i g a t e d .  

thermospray ( f i l a m e n t  o f f ) ,  f i l a m e n t  on and d ischarge;  each has i t s  own 

d i s t i n c t  s e t  o f  advantages which w i l l  n o t  be d i scussed  i n  t h i s  manusc r ip t .  

Severa l  re fe rences  p r o v i d e  t h i s  i n f o r m a t i o n  for i n t e r e s t e d  p a r t i e s  (14-17). 

A f t e r  t h e  es tab l i shmen t  o f  t h e  c o r r e c t  

These modes were 
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AFLATOXINS IN PEANUTS 

Table 1. SIM and F u l l  Scan Lower L i m i t s  o f  D e t e c t i o n  

FULL SCAN 
DETECTIW L IMITS COMPOUND 

Af la toxin  B1 

Af la toxin  B2 

Af la toxin  GI 

Aflatoxin  G2 

500 P9 

2545 

SlM 
DETECT ION L IMITS 

40 P9 

F i g u r e  2 i l l u s t r a t e s  t h e  r e s u l t s  o f  these s t u d i e s  f o r  t h e  i n j e c t i o n  of  1 

pg o f  a f l a t o x i n  Gi. 

(MH+ - 44) show t h a t  b o t h  f i l a m e n t  on and d i scha rge  p r o v i d e  a s u b s t a n t i a l  

i n c r e a s e  i n  s e n s i t i v i t y .  

i n  t h e  f i l a m e n t  on mode. A d d i t i o n a l  s t u d i e s  were conducted f o r  t h e  

d e t e r m i n a t i o n  of l ower  d e t e c t i o n  l i m i t s  under l i m i t e d  scan c o n d i t i o n s  (260-380 

AMU) and s e l e c t e d  i o n  m o n i t o r i n g  ( S I N  c o n d i t i o n s .  Th is  d a t a  i s  summarized i n  

Tab le  1 .  

The r e s u l t s  i n d i c a t e d  by m o n i t o r i n g  a t  329 (MH+) and 285 

The rema in ing  d a t a  i n  t h i s  manusc r ip t  were developed 

F i g u r e  3 i l l u s t r a t e s  t h e  s e p a r a t i o n  o f  t hese  f o u r  compounds a t  a 

c o n c e n t r a t i o n  o f  300 pg f o r  each t o x i n  u s i n g  S I M .  

l e s s  than  12 m inu tes .  F igu res  4-6 p r o v i d e  t h e  thermospray mass spect rum 

necessary t o  a l l o w  f o r  t h e  c o n f i r m a t i o n  o f  t h e  peaks f o r  E l ,  Ez and Gz. 

on Gi can be seen i n  F i g u r e  2. 

i n d i c a t e  v e r y  s t r o n g  base peaks a 313 and 315 r e s p e c t i v e l y  which correspond t o  

t h e  MH+ peak. 

a t  285 and 287 r e s p e c t i v e l y  which correspond t o  MH+ - 44 peaks i n  a d d i t i o n  t o  

The t o t a l  a n a l y s i s  t i m e  i s  

Data 

The mass s p e c t r a  o f  t h e  a f l a t o x i n s  E l  and 8z 

The s p e c t r a  f o r  a f l a t o x i n s  Gi and G z  have much s t r o n g e r  peaks 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
5
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



2546 

J 

HURST, MARTIN, A N D  VESTAL 

0 
C 

3500-  

C2 

G I  
3000-  

J 
0 a 

2500-  

2000-  

T I C  o f  V 3 : R F L + I I . D  

7.0ES: 

6.0E5: 

9 5 . 0 E 5  
a 

4.0E5: 

3.0E51 

2.0E5: 

J 

I 

Figure 3. 

Monitoring) 

300 pg o f  Aflatoxins B i ,  8 2 ,  Gi and Gz Using SIM ( S e l e c t e d  Ion 

270 2 0 0  290 300  310 
fIass/Ch arge  

m V 3 : R F L W . D  

\ 
313 
MH' 

l..LY.s 320 330 340 

3 3 0  341 I \ \  
* - - -  . . . . . . .  

320 330 340 

Figure 4. Thermospray Mass Spectrum o f  Aflatoxin B 1  
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Rvaraga o f  8 .683 t o  0.826 m l n .  f r o m  V3:RFL+2.D 

I .2E6 

I .0E6 

; 8.0~5 
E 
a 
1 

J 
c 6 . 0 E 5  
n a 

4. BE5 

c 15 
M’ 

2 0 0  300 320 3 4 0  360 
tlass/Charge 

Figure 5. Thermospray Mass Spectrum o f  Aflatoxin Bz 

flvoraga o f  6 . 5 4 3  t o  6 .726 m l n .  f r o m  V3:flFL+2.D 

Figure 6. Thermospray Mass Spectrum o f  Aflatoxin Gz 
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0 2 4 6 1 0  
Tlrns (rnln.)  

TIC o f  VJ:AFL-?.D 

F i g u r e  7. A n a l y s i s  o f  A f l a t o x i n s  B i .  82, Gi and Gz i n  Spiked Peanut E x t r a c t  

(Top) Compared w i t h  Standard I n j e c t i o n  (Bottom) 

p r o v i d i n g  t h e  c h a r a c t e r i s t i c  MH+ peaks a t  329 and 331. 

t h a t  was developed was eva lua ted  on a sp i ked  peanut e x t r a c t .  

t h i s  exper iment  can be seen i n  F i g u r e  7.  

F i n a l l y  t h e  techn ique  

The r e s u l t  o f  

Conc 1 us i on s 

Th is  s tudy  i n d i c a t e s  t h a t  thermospray MS coupled w i t h  SPE techn iques  w i l l  

Whi le  these  exper iments a l l o w  f o r  t h e  p o s i t i v e  i d e n t i f i c a t i o n  o f  a f l a t o x i n s .  

d i d  n o t  e v a l u a t e  a l l  o f  t h e  p o s s i b l e  v a r i a b l e s  such as c o n c e n t r a t i o n  o f  b u f f e r  

o r  t h e  use o f  a postcolumn pumping system as has been done by o t h e r s  (18,19), 

i t  does p r o v i d e  t h e  necessary i n f o r m a t i o n  t o  a l l o w  i t  t o  be used on a r o u t i n e  

b a s i s .  I t  a l s o  i l l u s t r a t e s  t h a t  LC/MS i s  a v a l u a b l e  c o n f i r m a t o r y  techn ique  

and shows con t inued  promise f o r  t h e  d e t e r m i n a t i o n  o f  a f l a t o x i n s  i n  v a r i o u s .  
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