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A SIMPLE, SENSITIVE METHOD FOR DETECTION OF VOMITOXIN 
(DEOXYNIVALENOL) USING REVERSED PHASE, HIGH PERFORMANCE LIQUID 

CHROMATOGRAPHY 

Kenneth C. Ehr l ich,  Louise S. Lee, and Alex C ieg le r  

Southern Regional Research Center (1)  
U.S. Department o f  A g r i c u l t u r e  

New Or1 eans , Louisiana 70179 

ABSTRACT 

Vomi t o x i  n , a t r ichothecene mycotoxi n produced by Fusar i  um 
graminearum, can be measured a t  l e v e l s  as low as 5-10 ppb i n  
contaminated corn by reversed phase, h igh  performance 1 i q u i d  
chromatography on P a r t i s i l  10 ODs-2 e lu ted  w i t h  a c e t o n i t r i l e -  
water and de tec t i on  a t  214 nm. Corn e x t r a c t s  were i n i t i a l l y  
p u r i f i e d  by preparat ive t h i n  l a y e r  chromatography on s i l i c a  gel. 
Optimal separat ions o f  vomitoxin from other  components i n  a 
sample o f  contaminated corn were achieved w i t h  25% o r  l e s s  
a c e t o n i t r i l e  i n  water i n  which vomitoxin e lu tes  w i t h  k '  2. 1.06. 
Using 25% a c e t o n i t r i l ' e  i n  water, t h e  minimum detectable amount 
was 1.5 ng and the  r e l a t i o n s h i p  between peak height  and amount o f  
vomitoxin was l i n e a r  over t h e  range 1-30 ng. Although resolu-  
t i o n  was greater  when l e s s  a c e t o n i t r i l e  was present i n  the  
e l  uant, s e n s i t i v i t y  was somewhat 1 ower. 

INTRODUCTION 

Vomitoxin (Fig. 1) (3a, 7a, 15-trihydroxy-12,13-epoxy- 

trichothec-9-ene-8-one; a l so  c a l l e d  deoxynivalenol)  i s  a 
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a34 EHRLICH, LEE, AND CIEGLER 

H3cP:" 0 CHPOH 

vomitoxin  

FIGURE 1. S t ruc tu re  o f  vomitoxin (3a,7a,lEi-trihydroxy-l2, 
13-epoxy-tr i  chothec-g-ene-8-one. 

t r ichothecene mycotoxin produced by Fusarium grami nearum (2,3). 

Recently, i t  has been i d e n t i f i e d  i n  Fusarium-contaminated corn 

(4-6) and wheat ( 7 )  grown i n  the mid-western Uni ted States and 

has been shown t o  cause emesis and feed-refusal  i n  swine (4,8,9) 

fed these contaminated grains.  

A number o f  d i f f e r e n t  physical  methods have been described 

f o r  de tec t i on  and q u a n t i t a t i o n  o f  vomi tox in  (10-16). 

t h i n  l a y e r  chromatography, these methods r e q u i r e  d e r i  v a t i z a t i o n  

o f  vomitoxin p r i o r  t o  analysis.  

date desc r ib ing  the  use o f  HPLC f o r  ana lys i s  o f  vomitoxin and 

t h i s  descr ibes a compl icated de tec t i on  system i n  which a l i q u o t s  

are co l  1 ected a f t e r  HPLC and analyzed by gas chromatography a f t e r  

d e r i v a t i z a t i o n  (17). 

dure i n  which vomitox n i n  methanol-water e x t r a c t s  o f  contamina- 

t e d  corn i s  f i r s t  pur f i e d  by preparat ive t h i n  l a y e r  chromatogra- 

phy and then measured by reverse-phased, h igh performance l i q u i d  

chromatography. 

Except f o r  

Only one repo r t  has been made t o  

I n  t h i s  paper we descr ibe a simple proce- 
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DETECTION OF VOMITOXIN 835 

EXPERIMENTAL 

HPLC 

The HPLC system used i n  t h i s  study included two Waters Model 

6000A pumps, a Model 2000 solvent programmer, and a U6K i n j e c t o r .  

The i n j e c t o r  was connected t o  a Whatman guard column ( 7  cm, I D  = 

2.1 mm) packed w i t h  Per isorb RP-18, 30-40 pm from EM Reagents. 

The column was a P a r t i s i l - 1 0  ODS 2 f rom Whatman (25 cm, I D  = 4.60 

mm). The e luant  was monitored by a Waters Model 441 UV de tec to r  

operated a t  214 nm. A c e t o n i t r i l e  was HPLC grade from Burdick and 

Jackson and water was p u r i f i e d  on a Mi l l i -Q-System w i t h  Organex-Q 

c a r t r i d g e  from M i l  1 i pore. 

before use. 

t i o n .  

The water was degassed by autoc l  av ing 

Samples were d isso lved i n  a c e t o n i t r i l e  before i n j e c -  

Toxin - 
Vomitoxin used as a standard was a p u r i f i e d  sample (mp 

154OC) prepared i n  our l abo ra to ry  by t h e  method o f  Vesonder, e t  

a1 (2,4). 

DK2A r a t i o  record ing spectrophotometer. 

The UV spectra of vomitoxin were obtained on a Beckman 

Vomitoxin was a lso i s o l a t e d  from 50 g samples o f  contaminated 

corn by e x t r a c t i o n  w i t h  200 ml  o f  85% aqueous MeOH. 

e x t r a c t  was evaporated t o  dryness, red isso lved i n  a minimum 

amount o f  methanol, and e t h y l  acetate was added. The p r e c i p i t a t e  

was discarded and the  e t h y l  acetate s o l u t i o n  evaporated t o  

dryness. 

The f i l t e r e d  

The r e s u l t i n g  res idue was t r i t u r a t e d  w i t h  hexane t o  
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836 EHRLICH, LEE, AND CIEGLER 

remove corn o i l s  and then d isso lved i n  2 m l  o f  e t h y l  acetate. An 

a l i q u o t  o f  t h e  crude sample was f u r t h e r  p u r i f i e d  by p repara t i ve  

t h i n  l a y e r  chromatography on a 20 x 20 cm p l a t e  con ta in ing  a 0.5 

mn l a y e r  o f  s i l i c a  gel  60 (EM Reagents). 

w i t h  benzene-ethyl acetate-formic ac id  (10:4:1) and , a f t e r  

development and dry ing,  t h e  band e l u t i n g  a t  t h e  same R f  as t h a t  

o f  vomi t o x i  n (spot ted a1 ongside the  sample band and v i  sual i zed 

by spraying w i t h  20% AlC13 i n  water and heat ing a t  1 2 O o C  f o r  5 

min). Absorbed components were e lu ted  from t h e  s i l i c a  gel w i t h  

methanol-chloroform (2:8) and a f t e r  evaporat ion t o  dryness on a 

B k h i  r o t a r y  evaporator, were r e d i  ssol ved i n  1 m l  acetoni  tri 1 e 

f o r  HPLC analysis.  Mass spectra o f  trimethylsilyl-derivatized 

vomitoxin (6 )  i n  f rac t i ons  i s o l a t e d  from HPLC were determined on 

a Finnegan mass spectrometer operated a t  75 eV i n  the  se lected 

i o n  mode under computer con t ro l  f o r  t h e  two ions c h a r a c t e r i s t i c  

o f  vomi t o x i  n (m/e 422,407). 

The p l a t e  was e l u t e d  

RESULTS AND DISCUSSION 

The UV maximum of vomitoxin i n  ethanol has been repor ted as 

x max = 218 nm w i t h  an E = 4500 (16). I n  50% aqueous acetoni-  

t r i l e  vomitoxin had an E = 5600 a t  214 nm, the wavelength used 

f o r  HPFC detect ion.  This absorbance was not a f fec ted  s i g n i f i -  

c a n t l y  by a c i d  ( a c e t o n i t r i l e  concentrat ion remaining the same) 

b u t  showed a 30% decrease when t h e  solvent was changed from 50% 

t o  5% aqueous a c e t o n i t r i l e .  These data suggest t h a t  t he  sensi-  
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DETECTION OF VOMITOXIN 837 

t i v i t y  o f  de tec t i on  o f  vomitoxin w i l l  increase w i t h  h ighe r  

a c e t o n i t r i l e  content i n  t h e  e l u t i n g  so lvent  mixture.  

The r e t e n t i o n  t imes and capaci ty  r a t i o s  ( k ' )  f o r  vomi tox in  

e lu ted  w i t h  d i f f e r e n t  mixtures o f  a c e t o n i t r i l e  and water are 

given i n  Table 1. As can be seen, k '  and peak r e t e n t i o n  t i m e  

increase as acetoni  tri 1 e content decreases. 

vomitoxin d i d  not e l u t e  w i t h i n  30 min. S i g n i f i c a n t  peak broaden- 

i n g  was noted when a c e t o n i t r i l e  content o f  t h e  e l u t i n g  m ix tu re  

was less than 15%. Optimal r e s o l u t i o n  and s e n s i t i v i t y  was 

experienced using a c e t o n i t r i l e - w a t e r  r a t i o s  ranging from 1:6 t o  

1:3. 

Usi ng water on1 y, 

No peak t a i l i n g  o f  t h e  standard was noted even w i t h  low 

TABLE I. E l u t i o n  Parameters o f  Vomitoxin i n  Acetoni t r i le-Water  - on a C18-Bonded S i l i c a  Column ( P a r t i s i l - 1 0  ODS-2). 

Percent 
acetoni  tri 1 e 

k ' *  

70 
60 
50 
40 
30 
25 
20 
15 
10 

5 
0 

118 
123 
132 
127 
161 
170 
227 
316 
769 

1026 
> 1800 

0.56 
0.56 
0.55 
0.69 
1.00 
1.06 
2.00 
2.94 
7.15 
8.06 

> 20 

* k '  = (Ve - Vo)/Vo where Vo = vo id volume and Ve = volume o f  
so lvent  requi red f o r  peak e l u t i o n ;  f l o w  r a t e  1.5 rnl/min. 
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838 EHRLICH, LEE, AND CIEGLER 

l e v e l s  o f  a c e t o n i t r i l e ;  peak shape a l so  was s a t i s f a c t o r y .  The 

peak f o r  vomitoxin standard ( e l u t e d  w i th  a c e t o n i t r i l e - w a t e r  

( 1 : 3 ) )  was s u f f i c i e n t l y  sharp (Fig.  2) t o  a l l o w  de tec t i on  o f  as 

l i t t l e  as 1.5 ng per i n j e c t i o n .  

Usi ng t h e  sol vent system, acetoni  tri 1 e-water (1 : 3), t h e  

r e l a t i o n s h i p  between peak height  (F ig .  2) and peak area and t h e  

amount o f  vomitoxin i n j e c t e d  was almost l i n e a r  over the  range 

1-30 ng (Fig.  3). Using decreased s e n s i t i v i t y  s e t t i n g s  on t h e  

detector ,  t h i s  range could be extended t o  300 ng per i n j e c t i o n  

w i t h  on l y  s l i g h t  dev ia t i on  from l i n e a r i t y .  P rec i s ion  and repro-  

d u c i b i l i t y  of peak area and r e t e n t i o n  t ime  was good w i t h  c o e f f i -  

c i e n t s  o f  v a r i a t i o n  (20 i n j e c t i o n s )  o f  2.0 f o r  peak area and 1.5 

- 
v) 
U. 
3 
U 
UY 
0 

0 
P) m 
E 
0 
n m 
0 
K 

9 

aa 

15ng 

2 4 0 2  4 2  4 2  4 

Retention Time (mln) 

FIGURE 2. HPLC r e s o l u t i o n  o f  vomitoxin on a lrlhatman 
Partisi l-10-ODS 2 column e lu ted  a t  1.5 ml/min w i t h  
a c e t o n i t r i l e - w a t e r  (1:3) w i t h  de tec t i on  a t  214 nm. 
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DETECTION OF VOMITOXIN 839 

c 
Q 
Q c 
Y 

Q 

.- 

Q" 0 10 20 30 40 

n g  of vomitoxin injected 

FIGURE 3. L i n e a r i t y ,  peak height  vs. q u a n t i t y  o f  vomitoxin, a t  
214 nm, e lu ted  w i t h  CH3m-H2O (1:3). (See F igure 2.) 

f o r  r e t e n t i o n  t ime respec t i ve l y ,  using t h e  solvent r a t i o  of 1:3 

ace ton i t r i l e -wa te r .  Mean s e n s i t i v i t y  f o r  vomitoxin de tec t i on  was 

1.9 mm/ng o f  peak height  f o r  t h i s  solvent system. 

s e n s i t i v i t y  was somewhat h igher  i n  systems conta in ing a h igher  

r a t i o  of a c e t o n i t r i l e  and somewhat lower i n  systems con ta in ing  a 

lower r a t i o .  

Detect ion 

To check whether contaminated corn would conta in  i n t e r f e r i n g  

compounds w i th  r e t e n t i o n  t imes over lapping t h a t  o f  vomitoxin, an 

e x t r a c t  o f  corn i n f e c t e d  w i t h  Fusarium graminearum NRRL 5883 ( 2 )  

was prepared under cond i t i ons  i d e n t i c a l  t o  those which would be 

used i n  an a n a l y t i c a l  i s o l a t i o n  o f  vomitoxin from corn. This 

m ix tu re  was f rac t i ona ted  by preparat ive t h i n  l a y e r  chromatogra- 

phy. 

TLC f r a c t i o n  (Rf = 0.14 t o  0.18) co -e lu t i ng  w i t h  vomitoxin 

standard showed a peak (Fig. 4a) e l u t i n g  a t  5.3 min. Upon 

Upon HPLC ( e l u t i o n  a t  1.0 m l / m ,  CH3CM-H2O 1:4) on l y  t h e  
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FIGURE 4A HPLC chromatogram o f  t h e  vomitoxin f r a c t i o n  from TLC 
of an ex t rac t  o f  i. raminearum contaminated corn. 
(see t e x t  f o r  d e t a i l ’ m n  was a t  1.0 ml/min 
w i t h  CH3CN-H2O (1:4).  

FIGURE 48 HPLC chromatogram of t h e  ma te r ia l  m i g r a t i n g  a t  t h e  
same R f  as vomitoxin from TLC o f  an e x t r a c t  o f  non- 
contaminated corn, prepared under t h e  same cond i t i ons  
as those f o r  Fig. 4A. 
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DETECTION OF VOMITOXIN 841 

c o - i n j e c t i o n  o f  standard and sample t h e  peak he igh t  was increased 

wi thout  a f f e c t i n g  peak shape i n d i c a t i n g  co-migrat ion o f  standard 

w i t h  the  vomitoxin i n  the  sample. 

peak i n  t h e  HPLC o f  e x t r a c t s  fran th ree  d i f f e r e n t  samples of 

contaminated corn was c o l l e c t e d  and analyzed by gas l i q u i d  

chromatography-mass spectrometry. The q u a n t i t a t i v e  data obtained 

by t h i s  method was i n  c lose  agreement w i t h  t h a t  obtained by HPLC. 

Ex t rac ts  o f  corn not contaminated w i t h  1. graminearum were pre- 

pared under i d e n t i c a l  cond i t i ons  t o  those f o r  contaminated co rn -  

No peak was found which overlapped t h a t  o f  vomitoxin (Fig. 4b). 

Furthermore, t h e  vomitoxin 

These r e s u l t s  show t h a t  amounts as low as 2-5 ng of vomitoxin 

can be determined us ing HPLC and de tec t i on  a t  214 nm. Vomitoxin 

i s  on l y  s l i g h t l y  re ta ined  on reversed phase s i l i c a  columns us ing 

h igh r a t i o s  o f  a c e t o n i t r i l e  t o  water. 

TLC fol lowed by HPLC of crude e x t r a c t s  o f  contaminated corn good 

separat ion o f  vomitoxin from othe r  components i n  t h e  corn can be 

achieved. The method descr ibed here permits r a p i d  and s e n s i t i v e  

q u a n t i t a t i v e  analys is  o f  vomitoxin wi thout  p r i o r  d e r i v a t i  zat ion.  

However, us ing p repara t i ve  
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