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ABSTRACT 

A method was developed to determine deoxynivalenol and zearaI- 
enone in corn, wheat, oats, rice and barley. The toxins are extracted 
with methanol/water (50:50, v/v) (2×) and partially purified by 
partitioning into ethyl acetate and then defatting with aeetonitrile- 
petroleum ether. Toxins are isolated by silica gel column chromatog- 
raphy. Interfering materials are removed from the column with 
benzene; zearalenone is eluted with benzene/acetone (95:5, v/v), 
and after a column wash of chloroform/methanol (98:2, v/v), 
deoxynivalenol is eluted with chloroform/methanol (95:5, v/v). 
Zearalenone is quantitated by thin-layer chromatography and 
deoxynivalenol by gas-liquid chromatography of the trimethylsilyl 
derivative. The detection limit is about 0.02 gg/g for each toxin. 
Recoveries of added toxins varied with substrate and level of toxins. 
Recovery of deoxynivalenol ranged from 58% for 1 ppm in rice to 
108% for 1 ppm in corn. Average recoveries for all levels (1, 2 and 
5 ppm) ranged from 69% for barley to 89% for oats. Recovered 
zearalenone ranged from 40% for 5 ppm in wheat to 100% for 
1 ppm in barley, Average recoveries for zearalenone at 1, 2 and 
5 ppm varied from 53% for wheat to 87% for rice. 

INTRODUCTION 

Fusar ium grarninearum, a c o m m o n  colonist  of  cereal grains, 
produces both zearalenone and deoxynivalenol  in corn and 
mixed  feed (1,2). This coexis tence of  zearalenone and 
deoxynivalenol  could pose a serious threat  to animals, 
especially swine, due to estrogenic and feed refusal effects. 
Procedures have been published for  the individual deter- 
minat ion of  deoxyniva lenol  and zearalenone which are bo th  
specific and sensitive (3-6). Also some informat ion  is avail- 
able on the s imultaneous de te rmina t ion  of  several Fusar ium 
mycotox ins  in grains and feeds (7,8). A more  rapid proce- 
dure which utilizes c o m m o n l y  available chemicals  and 
equ ipment  was required to analyze inoculated cereal grains 
for  the co-product ion  of  deoxynivalenol  and zearalenone 
by various Fusariurn species. Vesonder  et al. (9) have deter- 
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mined the p roduc t ion  of  both toxins by 16 Fusar ium iso- 
lates on corn, bu t  recoveries of  the toxins by the m e t h o d  
used were not  reported.  We have developed a screening 
me thod  for the de te rmina t ion  of  both toxins in the same 
ext rac t  and have tested the procedure  on inocula ted and 
spiked samples of  corn, rice, oats, wheat  and barley. This 
paper describes the  m e t h o d  of  analysis and reports  the 
recoveries of  bo th  toxins  f rom spiked substrates. 

MATERIALS AND METHODS 

Spiked Substrates 

Samples (50 g) o f  toxin-free,  ground, b lended corn, wheat,  
oats, rice and barley were individually spiked with deoxy-  
nivalenol and zearalenone to contain 1.0, 2.0 and 5.0 ppm 
of  each toxin.  Tripl icate  samples o f  the grains were pre- 
pared at these three levels. The  toxins (in acetonitr i le)  were 
added to the samples with a Hamil ton  syringe (100 /JL), 
and solvent was al lowed to evaporate  ca. 2 hr before  extrac- 
tion. 

Extraction 

A modif ied  procedure  of  Scot t  et al. (3) was used to extract  
deoxynivalenol  and zearalenone f rom the spiked substrates 
and inoculated substrates: blend substrate with 250 mL 
methano l /wa te r  (1:1,  v/v) ~ for  5 rain. Transfer  suspension 
to centr ifuge bot t les  and centr ifuge for  5 min at 5,000 rpm. 
Decant  centr i fugate  and re-extract  sediment  with second 
250 mL solvent. Repea t  centr i fugat ion and combine  centri-  
fugates. Add  100 mL saturated sodium chloride to ext rac t  
and par t i t ion with 100 m L  ethyl  acetate  (3×) .  Add  ca. 60 g 
anhydrous  sodium sulfate to the combined  e thyl  acetate  
f ract ions and swirl to  remove  traces of  water.  Filter,  evap- 
orate solvent on a ro tary  evapora tor  and dissolve residue in 
acetonitr i le  (50 mL).  Transfer  to separatory funnel  and 
defat  with 50 mL pe t ro leum ether  (2)<). Remove  acetoni- 
trile under  vacuum and dissolve residue in me thy lene  
chloride for co lumn chromatography.  
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Column Chromatography 
Prepare silica gel column as described by Eppley (1) for the 
isolation of zearalenone. Transfer extract to column quan- 
titatively with methylene chloride and allow extract to 
move into column. Wash column with 100 mL benzene and 
discard. Elute zearalenone with 200 mL benzene/acetone 
(95:5, v/v), evaporate solvent and save residue for thin-layer 
chromatography. Toluene may be used in place of  benzene. 
Wash column with 100 mL chloroform/methanol (98:2, 
v/v) and discard. Elute deoxynivalenol with 250 mL chloro- 
form/methanol (95:5, v/v), evaporate solvent and save 
residue for gas chromatography. 

Ouantitation 
Dissolve residue containing zearalenone in 500 #L benzene 
and assay by thin-layer chromatography as described by 
Shotwell et al. (4), using chloroform/ethanol (95:5, v/v) as 
developing solvent. Zearalenone was quantitated by fluoro- 
densitometry by using excitation wavelength of 327 nm 
and measuring emission at 455 nm. 

Dissolve deoxynivalenol residue in 1.0 mL acetone and 
transfer 200 ~L to 2-dram vial with septum cap. Evaporate 
solvent under N 2 and add 100 gL Tri-Sil TBT (Pierce 
Chemical Co.). Heat sealed vial for 1 hr at 60 C. Cool to 
room temperature and inject 1 or 2/aL into gas chromato- 
graph equipped with glass column (4 ft × 2 mm) packed 
with 3% OV-1 on Gas Chrom Q 100/120 mesh and flame 
ionization detector. Program temperature of column from 
175-250 C at 5 C/min (150-250 C for corn). Maifitain injec- 
tion port and detector at 210 C and 250 C, respectively. 
Measure retention times and peak areas with an electronic 
integrator (Hewlett/Packard Model 3370B or equivalent). 
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FIG. 1. Gas-liquid chromatograms of TMS derivatives of deoxy- 
nivalenol standard (lower) and of deoxynivalenol isolated from 
wheat (1 ppm). Conditions as described in text. 

RESULTS AND DISCUSSION 

Figure 1 is a gas chromatogram of the TMS derivative of 
standard deoxynivalenol (lower pattern) and deoxynivatenoI 
recovered from wheat containing 1.0 ppm toxin. All grains 
spiked at levels of  1.0 ppm or higher were easily analyzed. 
By adjusting the attenuation of  the flame ionization de- 
tector to 5 x 10 -12 AFS (amps full scale), 0.2 ppm deoxy- 
nivalenol could be detected in wheat, rice and corn. Barley 
contained significantly more interfering materials, as shown 
in Figure 2, and the detection limit by this method was 
about 0.5 ppm deoxynivalenol. Table I summarizes the 
recovery of deoxynivalenol and zearalenone from five 
different cereal grains spiked to contain 1, 2 and 5 ppm 
toxin. The recovery of deoxynivalenol from corn, oats and 
wheat averaged 82%. However, the recovery of toxin 
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FIG. 2, Gas-liquid chromatograms of TMS derivatives of de0xy- 
nivalenol standard (lower) and of deoxynivalenol isolated from 
barley (1 ppm). Conditions as described in text. 

TABLE I 

Recovery of Deoxynivalenol (DON) 
Added to Cereal Grains 

and Zearalenone (F-2) 

% Recovery a 

1 ppm 2 ppm 5 ppm Average, % 

Substrate DON F-2 DON F-2 DON F-2 DON F-2 

Corn 108 70 73 85 76 65 86 73 
Whe~ 97 70 80 50 67 40 81 53 
R~e 58 80 67 85 84 95 70 87 
Oats 100 75 90 67 78 56 89 66 
B~ley 65 100 67 60 76 55 69 72 

aAverage of three determinations by GLC of TMS derivative of 
DON and by TLC of zearalenone. 
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FIG. 3. Gas-liquid chromatograms of TMS derivatives of deoxy- 
nivalenol isolated f rom corn inoculated with Fusarium graminearum 
NRRL 13122 (upper) and with P; graminearum NRRL 5883 
(lower). 

tended to decrease as the level increased from 1 to 5 ppm. 
This suggests that some toxin is being lost in the extraction 
process, clean up steps or derivatization step. Increasing the 
proportion of methanol in the extraction solvent did not 
increase the amount of deoxynivalenol extracted. Also, no 
toxin could be detected in the column fraction that pre- 
ceded the deoxynivalenol elution or in an additional 
100 mL fraction that followed deoxynivalenol. The re- 
covery from barley and rice (69 and 70%, respectively) was 
consistently lower than recoveries from the other sub- 
strates. Rice yielded a cleaner extract than the other grains, 
so the toss of toxin from this matrix could not be explained 
from "masking" by interfering materials. 

The efficiency of the method to isolate deoxynivalenol 
from inoculated corn is shown in Figure 3. As determined 
by this method, the quantity of toxin produced by F. 
graminearum NRRL 13122 was 44.5 ppm and by F. 
graminearum NRRL 5883 was 20.4 ppm. The levels of 
toxins encountered in inoculated substrates could easily be 
detected by the method described. Also, the procedure may 
be used to isolate quantities of  deoxynivatenol from highly 
contaminated substrates. 

Zearalenone, determined by thin-layer chromatography, 
was less efficiently extracted by methanol/water (1:1, v/v) 
than was deoxynivalenol. The average recovery for all three 
levels ranged from 53% (wheat) to 87% (rice). A higher con- 
centration of methanol (60, 70 and 80%) improved the 
recovery of zearalenone but also increased the quantity 
of materials that interfered with the analysis of deoxy- 
nivalenol. The procedure described here for the analysis of 
deoxynivalenol and zearalenone in the same extract was 
developed to screen inoculated cereal grains for the pro- 
duction of these toxins. Fifty isolates of Fusarium spp. 
from contaminated corn were inoculated on rice and corn, 
and toxin production was determined by the method 
described (results to be published elsewhere). 
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